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ABSTRACT 

This paper presents a four-port dual-polarized, dual-band MIMO antenna system for Fifth Generation (5G) compact 

phones, particularly smartphones and WLAN devices. The dual-band encompasses sub-6 GHz bands with center 

frequencies at 3.6 GHz and 5.5 GHz. The paper elucidates the design of the proposed antenna, along with the 
simulation and the experimental results. The design has two dual-band dual-polarized slot radiators placed on 

diagonally opposite corners of the substrate without disturbing the antenna's design symmetry. The square slot 

radiators are etched into the ground plane fed with two antenna feeds placed perpendicular to each other, which makes 

the antenna radiate in two different directions with different polarizations. The isolation between the adjunct microstrip 

feeding ports is improved by 3 dB by placing a thin rectangular patch diagonally between the feedlines. The obtained 

6dB bandwidth of the antenna is 400 MHz (3.4 - 3.8 GHz) and 600 MHz (5.3 - 5.9 GHz), which covers the desired 5G 

and WLAN bands. This paper also depicts the antenna ports excited in the sequential mode and in simultaneous mode 

with different combinations of phases to get beam-forming, which is an essential feature for any 5G antenna. The 

proposed antenna has good gain, directivity, efficiency, and envelope correlation coefficient. The simulation and 

fabrication results are in good agreement. 

________________________________________________________________________________ 
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1. Introduction  

The hunger for data speeds is increasing day by 

day, and mobile communication technology is 

getting upgraded, 2G to 4G phones are 

currently available to all of us, and 5G phones 

will be reaching the market soon. Smartphones 

with a touchscreen are prevalent but costly and 

fragile. People who are habitual of using 

phones with a keypad make it very difficult for 

them to switch to a smartphone with a 

touchscreen. They still prefer to use phones 

with a  rugged, compact, cost-effective, and 

familiar keypad. This type of phone was made 

popular in India, only the technology changed, 

but the look and size remain the same. One can 

expect that after the 5G services are launched, 

mobile phone designers will design a similar 

smartphone with a keypad. International 

Telecommunication Union (ITU) declared the 

3.4-3.6 GHz, 5-6 GHz (i.e., sub-6 GHz band), 

24.25-27.5 GHz band, 37-40.5 GHz band, and 

66-76 GHz band (mm-wave) for 5G 

communication.(Marcus, 2015) 

In (Liu et al., 2017), the authors have reviewed 

5G antennas and emphasized that 5G antennas 

should operate on multiple frequencies and 

multiple polarizations. The gain of the antennas 

should be high, and one can increase it by 

using parasitic cells. A polarization 

reconfigurable dipole antenna working in the 

frequency range of 5G Wi-Fi (5.07 to 5.95 

GHz) is presented. The antenna can switch the 

polarization between the linearly polarized and 

the circularly polarized states with a gain close 

to 8.2 dBi with an efficiency of nearly 85%(Ge 

et al., 2017). A 4-port MIMO antenna design is 

proposed that focuses on the sub-6 GHz of 5G 

wireless applications. The circular shape of the  

antenna's ground plane is the outcome of the 

merger of four wideband antennas units, which 

leads to isolation among the four ports of the 

antenna(Saxena et al., 2018). A miniaturized 

(10.5×14.5 mm
2
) dual-band (2.5-2.7 GHz and 

3.4 to 3.8 GHz, measured with the reflection 

coefficient <6dB) antenna array for 5G 

handsets was placed on 120x50 mm
2
 FR-4 

substrate (KHOUMA et al., 2018). A circular 

polarization (RHCP and LHCP) reconfigurable 

antenna with two PIN diode switches was also 

proposed for the 5G communication that 

resonates at 3.4 GHz, with a gain of 4.8 dBi. 

The antenna was fabricated on an FR-4 
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substrate.(Abdullah et al., 2018) A hybrid 

antenna module with four MIMO chip antenna 

was discussed that operates at 2.4 GHz ISM 

band and 27 GHz to 29 GHz 5G frequency 

band(Kahng et al., 2017). A dual-band 2x2 

MIMO antenna was presented that supported 

3.3 - 3.6 and 4.5 - 5 GHz in China for 5G 

mobile communication and achieved over 85% 

efficiency with isolation > 17 dB at both 

bands(Zhu et al., 2017). In another research 

article, a four-element MIMO antenna is 

implied for a sub-6 GHz band of 5G services. 

It also has split-ring resonators for getting 

multi-band performance with a very low value 

of ECC(Sarkar & Srivastava, 2018). A dual-

polarized 8-element design on an FR-4 

substrate is proposed with squared ring slot 

radiators for improved isolation between the 

adjunct antenna feeds. SAR function for user-

hand and user-head is also studied and is 

proposed as a strong candidate for 5G mobile 

terminals(Parchin et al., 2019). In this article, a  

multi-band antenna covering 4G and 5G bands 

is proposed, and user-impact investigations are 

also performed. It is a MIMO designed on FR-

4 substrate with double elements slot radiators 

with good gain and efficiency(Ojaroudi 

Parchin et al., 2019). A double slot four-port 

antenna is put forward by the authors in (J 

Vaswani & Agarwal, 2020) in which each of 

the antenna elements is placed at four corners 

of the square substrate and offers good gain 

and efficiency. Another dual-band, dual-

polarized two-element slot antenna was 

discussed in (Jitendra Vaswani & Agarwal, 

2021) having antenna gain of more than 2 dB, 

radiation efficiency of more than 60 percent, 

and had bi-directional radiation pattern. 

The research gaps observed are as follows. In 

(Ojaroudi Parchin et al., 2019), the four 

antennas are placed at all four corners of the 

substrate, taking more space and leaving less 

space for other circuits. It was proposed to 

place the two antennas in proximity, but the 

mutual coupling between the adjacent antenna 

elements needed investigation. In this paper, 

the mutual coupling between the adjacent 

antenna has been investigated and improved by 

using a thin rectangular patch between the 

feedlines. Another observation is that in all the  

ntenna mentioned above designs for 5G 

communication systems; the researchers are 

designing antennas to reduce the size or 

designing antennas for smartphones with 

touchscreen whose PCB and display size is 

around 5 inches or more. However, for 

countries like India, compact smartphones with 

keypads have never lost their importance and 

are still very  popular in India because of their 

low price, compactness, rugged body, and ease 

of usage. These phones available in India are 

GSM or LTE compatible phones. Wi-Fi 

hotspot is not supported on most of these 

phones. Considering these facts, a dual-band 

(3.4-3.8 GHz and 5.3 to 5.9 GHz), dual-

polarized MIMO antenna is proposed for fifth-

generation smartphones that will provide 

access to 5G services and also to Wi-Max 

services. The proposed antenna is designed on 

FR-4 substrate to work with compact 

smartphones,  making it very affordable and 

application-specific. The antenna has a 

radiation efficiency of more than 65%, optimal 

IEEE gain ranging from 2.26 to 3.04 dBi in the 

3.6 GHz band, 2.41 to 3.32 dBi in the 5.5 GHz 

band, and high diversity gain when used as a 

MIMO antenna. The simulation results are 

backed by the laboratory measurements for the 

proposed antenna and are in good agreement. 

2. Antenna Design 

Figure 1(a) shows the 4-element MIMO 

antenna configuration advocated and fabricated 

on the FR-4, an epoxy substrate that is very 

affordable and generously available.  The 

dielectric constant of the same (‐ὶ) is 4.4 and 

loss tangent (tanŭ) is 0.002. Its dimensions are 

100mm ×  40 mm × 1.6mm with a copper 

thickness of 0.035mm. The proposed antenna 

comprises two feed elements and a parasitic 

patch, placed in diagonally opposite corners of 
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a substrate. The two square ring slots are 

engraved in the ground plane at the two 

diagonally opposite corners of the board, as 

shown in Figure 1(a). These dimensions of the 

slots are responsible for the resonating 

frequency of the antenna. The antenna design 

parameters for the feedlines and isolation patch 

in the front side of the antenna are shown in 

Figure 1 (b), and the radiating slots on the 

backside of the antenna are shown in Figure 1 

(c).

Table 1. Optimized Design Parameters 
Parameter Ws Ls Lf Wf Li Wi W1 W2 W3 W4 

Value (mm) 100 40 11.75 3 10.95 0.75 14 13.25 9.45 8.7 

     
   (a)             (b)      (c) 

Figure 1: (a) Transparent view of the 4-port MIMO antenna configuration, (b) Front View of 

the unit cell (c) Back View of the unit cell for the proposed antenna 

The optimized design parameter values are 

depicted in Table 1. The length of the outer 

and inner slots is 14 mm and 9.45 mm, while 

both the slots' width is 0.375 mm. The feed 

element is connected to a 50-ȵ microstrip 

transmission line. The resonant frequency of 

the proposed antenna is inversely proportional 

to slot length, so the placement and length of 

the slot are carefully optimized to get the 

antenna resonating at the desired frequencies. 

The outer slot makes the antenna resonate at 

3.6 GHz, and the inner slot makes the antenna 

resonate at 5.5 GHz. 

3. Results and Discussion 

    
(a)                                                                      (b) 

Figure 2: (a) Simulated S-Parameters for the Port 1, (b) Simulated S-Parameters for all ports 

with sequential excitation for the proposed antenna 

Error! Reference source not found. (a) shows the 

simulated S-parameter results for port 1. The 

simulated bandwidth of the antenna is 400 

MHz at 3.6 GHz and 600 MHz at 5.5 GHz. The 

mutual coupling between antenna 1 and 

antenna 2 is less than -10 dB, for antenna 1 and 

antenna 3 is less than -16 dB and less than -30 

dB between antenna 1 and antenna 4. The 

isolation amid port 1 and port 4, (S-4,1) is 

more than the isolation amid port 1 and port 

3(S-3,1) because of the distance amid feed 

elements and perpendicular orientation of the 

feed elements with respect to each other. 

Isolation of 10dB is acceptable as mobile 

phone antennas, return loss of more than 6dB is 

accepted in many cases. So, there is sufficient 

Port 1 

Port 3 

Port 

2 

Port 

4 

Port 1 

Por

t 2 
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isolation between the antenna elements. Error! 

Reference source not found. (b) shows the 

individual S-parameters for all four ports (1-4) 

of the antenna. The results are almost identical 

for port 1 and port 3 and  port 2 and port 4 as 

they are symmetrical.

                  
 (a)            (b) 

Figure 3: (a) Front and (b) Back of the Proposed Antenna after fabrication 

  
Figure 4: Proposed Antenna for S-Parameters Measurement 

Figure 3 shows the antenna fabricated on FR-4 substrate. Figure 4 shows the proposed antenna in 

the antenna testing lab for S-Parameter measurements with the Keysight PNA-L Microwave 

Network Analyser, model number N5234A that can do measurements up to the frequency of 43.5 

GHz.  

 

Figure 5: Proposed Antenna in Anechoic Chamber 

Figure 5 the same proposed for radiation 

pattern measurement in the RF anechoic 

chamber. The horn antenna used in the 

anechoic chamber is R&S®HF907, which is a 

linearly polarized, double-ridged waveguide 

horn antenna that operated in the frequency 

range up to 18 GHz 
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Figure 6: Simulated and Measured S-Parameters of the Proposed Antenna 

The simulated and measured values of S11 are 

plotted and shown in Figure 6 showing the 

resemblance between the simulation and 

experimental results. The 3.6 GHz band is well 

aligned and there is a slight right shift of the 

5.5 GHz band of antenna operation that may 

due to the slight variation in dimension of the 

inner slot of the fabricated antenna. These 

variations can be dealt with by following a 

more accurate antenna fabrication procedure. 

The variation of operating frequencies with the 

change in the slot length (i.e., W1 and W3) is 

simulated, and the results are as depicted in 

Figure 7. It is detected that the operating 

frequency is inversely proportional to the slot 

length, and both operating frequencies are 

almost independent of each other, i.e., one can 

shift any of the frequencies without affecting 

the other one. Further, it can be easily noticed 

that lower operating frequency varies with 

outer slot length (W1) and higher frequency 

varies with variation in inner slot length (W3). 

So the antenna operating frequencies are 

independent of each other and can be varied 

individually

 

 
Figure 7: Simulated variation of resonant frequency with Outer and Inner Sot Length (W1 

and W3) respectively for the proposed antenna 

 
Figure 8: Simulated Radiation Efficiency for the proposed antenna for all ports 

The radiation efficiencies for all the four 

ports of the above-discussed antenna are shown 

in Figure 8. The radiation efficiency is around 

65% for port 2 and port 4 and 60% for port 1 

and port3. So, it is more than 50% in both 

bands of operation for all four ports, which is 
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more than the theoretical requirement for the 5G mobile antennas. 

     
(a)           (b) 

              
(c)        (d) 

Figure 9: Simulated 3D radiation pattern for the proposed antenna (a) Port 1 at 3.6 GHz (b) Port 2 

at 3.6 GHz, (c) Port 1 at 5.5 GHz (d) Port 2 at 5.5 GHz 

The IEEE gain is also computed for all antenna 

ports at both operating frequencies by exciting 

each port sequentially and terminating all other 

ports with the matched impedance. The 3D 

radiation patterns are shown in  

Figure 9. The simulated gain for the antenna 

ranges from 2.26 dB to 3.04 dB at 3.6 GHz and 

2.41 dB to 3.32 dB at 5.5 GHz. From the 3D 

radiation pattern, one can notice the direction 

of maximum radiation from each port of the 

antenna separately. Port 1 and port 2 is 

symmetrical to port 3 and port 4 respectively, 

so the results obtained are also identical for 

them. For port 1, the direction of maximum 

radiation is inclined at around 45 degrees to the 

plane of antenna and for port 2 the direction of 

maximum radiation is perpendicular to the 

plane of antenna. 

    
(a)                                            (b) 
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(c)                  (d) 

Figure 10: Simulated v/s Measured Polar plot of radiation pattern for the proposed antenna 

(a) Port 1 at 3.6 GHz (b) Port 2 at 3.6 GHz, (c) Port 1 at 5.5 GHz (d) Port 2 at 5.5 GHz 

The same can be verified from Figure 10, 

which shows the simulated v/s measured polar 

plot of radiation pattern for the proposed 

antenna for port 1 and port 2 at both operating 

frequencies of the proposed antenna.  So, while 

holding the phone close to the head, the mobile 

would use port 1 and/or port 3 for radiating and 

receiving signals, and when used in handheld 

mode, it could use port 2 and/or port 4 for 

communicating. In this manner, all ports can be 

used for communication as per the holding 

position of the mobile phone. 

 
(a)       (b) 

Figure 11: (a) Simulated Antenna Gain v/s Frequency for the proposed antenna for Port 1 

and Port 2 (b) Variation of Simulated Diversity Gain with Frequency for the proposed 

antenna  

 
Figure 12:Simulated ECC v/s Measured ECC for the proposed antenna 

The variation of gain with frequency from 3 

GHz to 6 GHz is also shown in Figure 11 (a). 

The value of gain  varies between 2 to 3 dB for 

both the operating bands and even crosses 3 dB 

for port 2 at 3.6 GHz. Another critical 

parameter for the MIMO antenna is the 

diversity gain, which is around 10 dB in the 3.6 

GHz band and more than 9.75 dB in the 5.5 

GHz band, as shown in Figure 11 (b). The 

simulated value of diversity gain for the 
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proposed antenna is much more than the 

threshold value of 8 dB for any MIMO 

antenna. 

Figure 12 shows the simulated envelope 

correlation coefficient (ECC) is well below 

0.01 in 3.4 GHz to 4 GHz and for 5.2 GHz to 

5.6 GHz, then it rises to 0.05 for 5.8 GHz but 

still less than 10% of the threshold value of 0.5. 

Measured ECC is below 0.02 in 3.6 GHz band 

and less than 0.1 in 5.5 GHz band.  Both 

simulated and measured ECC indicates good 

isolation amid the antenna elemen ts. 

        . 

(a)       (b) 

         
 (c)       (d) 

Figure 13: Distribution of Surface Current Vector for the proposed antenna (a) Port 1&3 at 

3.6 GHz  (b) Port 2 & 4 at 3.6 GHz (c) Port 1&3 at 5.5 GHz  (d) Port 2 & 4 at 5.5 GHz 

By carefully observing the surface current 

distribution of the antenna for both frequencies 

in Figure 13, it can be noticed that the outer 

slot is responsible for resonance at 3.6 GHz as 

it shows a higher current density for 3.6 GHz, 

and the inner slot is responsible for resonance 

at 5.5 GHz as the inner slot  has a higher 

current for 5.5 GHz. Further, the rectangular 

parasitic patch placed diagonally increases 

isolation by 3 dB between the two antenna 

elements at 5.5 GHz. It is observed from the 

surface current distribution pattern that the 

current density gets increased around the 

parasitic patch when the antenna is operating at 

a 5.5 GHz band. The same can be verified by 

comparing the s-parameters for both the 

designs from Figure 14. Further, the return loss 

also gets improved at the 5.5 GHz by more 

than 20 dB, and gain also gets improved by 

0.15 dB. 

    
(a)          (b) 

Figure 14: Simulated S-Parameters Results for the proposed antenna (a) Without Parasitic 

Patch (b) With Parasitic Patch 
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(a)       (b) 

Figure 15: (a) Electric Field for Port 1 at 3.6 GHz (b) Electric Field for Port 2 at 3.6 GHz 

The feed elements are placed diagonally 

symmetrical to each other, and each element is 

generating the linearly polarized wave 

individually. The polarization type of antenna 

is horizontal or vertical, depending on the 

relative excitation of the antenna port by the 

excitation source; hence, the antenna is dual-

polarized and can communicate effectively in 

any orientation of the mobile phone. The 

orientation of the electric field with the 

excitation of the antenna port is shown in 

Figure 15. 

Table 2 presents a comparison of fundamental 

properties of 5G antennas reported in the 

literature from (Saxena et al., 2018) to 

(Ojaroudi Parchin et al., 2019) with the 

proposed 5G antenna. It shows the antennaôs 

performance is at par with the reported 

antennas in terms of bandwidth, gain, 

efficiency, overall size, isolation, and ECC. 

Further, the proposed has ample space for 

placement of other components of mobile user 

equipment, which is not considered in the 

reported literature. 

 

Table 2. Comparison between reported and proposed 5G antennas 

Reference Ports 
Bandwidth 

(GHz) 

Gain 

(dBi) 

Efficiency 

(%) 

Overall Size 

(mm2) 

Isolation 

(dB) 
ECC 

(Saxena et 

al., 2018) 
4 3.4ï3.8 4.2 ï 50 ×  50 12 <0.09 

(KHOUM

A et al., 
2018) 

2 
2.5ï2.7 

3.4ï3.8 
ï 

60ï76 

70ï82 
120 ×  50 11.5 ï 

(Zhu et al., 

2017) 
2 

3.3ï3.6 

4.5ï5.0 
ï 

94 

86 
40 ×  40 17 <0.02 

(Sarkar & 

Srivastava, 

2018) 

4 
3.1ï3.2 

3.6ï4.0 

1.79 

2.39 
58ï67 60 ×  60 

20 

17 
<0.1 

(Ojaroudi 

Parchin et 

al., 2019) 

4 

2.5ï2.8 

3.4ï4.0  

4.9ï5.7 

2ï3 

64ï75  

73ï76  

69ï75 
75 ×  150 17 <0.05 

Proposed 4 
3.4ï3.8 

5.3ï5.9 

2.3ï3.0 

2.4ï3.3 

60ï68 

60ï69 
100 ×002040 12 

<0.02 

<0.08 
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Figure 16: Simulated F-parameter results for the proposed antenna 

 
Figure 17: Simulated Radiation and Total Efficiency of Proposed Antenna with Simultaneous 

Excitation of All Four Ports 

 

  
(a)       (b) 

Figure 18: Distribution of Surface Current Vector at (a) 3.6 GHz and (b) 5.5 GHz with 

simultaneous excitation of all ports of the proposed antenna 

  
                (a)           (b)                   (c)                          (d) 

Figure 19: (a) 3D radiation pattern of the proposed antenna at 3.6 GHz (b) 3D radiation 

pattern of the proposed antenna at  5.5 GHz (c) Polar plot of antenna gain of the proposed 

antenna  at 3.6 GHz (d) Polar plot of the antenna gain of the proposed antenna at 5.5 GHz 

All the results mentioned above are for 

sequential mode excitation of the ports of the 

antenna. An essential essence for the 5G 

antenna is beam steering, which is done by 

exciting the antenna port simultaneously with 

signals of the same or different phases. S-

parameters are no longer valid with 

simultaneous excitation, and one has to 

consider a new set of parameters called F-

parameters. The F-parameter results are shown 

in Figure 16. All the ports are excited with a 

signal of the same amplitude with zero phase 

difference.
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(a)                    (b)       (c)        (d) 

  
                     (e)         (f)       (g)        (h) 

Figure 20: Polar plot of the pattern of the proposed antenna with excitation signal of the same 

amplitude but different phases at 3.6 GHz 

 

The results obtained during simulation like the 

plot of radiation efficiency and total efficiency 

in Figure 17, surface current distribution in 

Figure 18, radiation pattern with gain for both 

operating frequencies in Figure 19 are 

presented for simultaneous excitation signal of 

equal magnitude and zero phase difference. 

4. Conclusions 

A dual-band four-port antenna with good gain 

and efficiency for compact smartphones has 

been proposed. Double-element slot resonators 

are used to get dual-band characteristics, and 

dual-polarization is achieved by exciting the 

feedlines placed perpendicular to each other. 

The same antenna can be used with sequential 

excitation as well as simultaneous excitation 

with a gain of 3.04 dB at 3.6 GHz and 3.32 dB 

at 5.5 GHz in sequential mode excitation and 

4.84 dB at 3.6 GHz and 5.43 dB at 5.5 GHz in 

simultaneous mode excitation. The obtained 

6dB bandwidth of the antenna is 400 MHz (3.4 

- 3.8 GHz) and 600 MHz (5.3 - 5.9 GHz) with 

3.6 GHz and 5.5 GHz resonant frequencies, 

respectively, and covers the desired 5G and 

WLAN bands. The other parameters like ECC, 

diversity gain are also well above the specified 

theoretical values. The experimental results 

back the simulation results. This antenna is an 

excellent candidate for a small 5G smartphone 

in near future. 
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