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 
Abstract—In this paper, a multiple-input/multiple-output 

(MIMO) antenna design with polarization and radiation pattern 
diversity is presented for future smartphones. The configuration of 
the design consists of four double-fed circular-ring antenna elements 
located at different edges of the printed circuit board (PCB) with an 
FR-4 substrate and overall dimension of 75×150 mm2. The antenna 
elements are fed by 50-Ohm microstrip-lines and provide 
polarization and radiation pattern diversity function due to the 
orthogonal placement of their feed lines. A good impedance 
bandwidth (S11 ≤ -10 dB) of 3.4-3.8 GHz has been obtained for the 
smartphone antenna array. However, for S11 ≤ -6 dB, this value is 
3.25-3.95 GHz. More than 3 dB realized gain and 80% total 
efficiency are achieved for the single-element radiator. The presented 
design not only provides the required radiation coverage but also 
generates the polarization diversity characteristic.  

 
Keywords—Cellular communications, MIMO systems, mobile-

phone antenna, polarization diversity. 

I. INTRODUCTION 

IMO technology can exponentially increase the data 
transfer rate and spectrum efficiency without any need 

of increasing the transmission power and bandwidth [1]-[4]. It 
is the most promising technology to be used in the upcoming 
5G communications [5]-[8]. To be more accurate, the fourth 
generation (4G) smartphones are set to use the long term 
evolution (LTE) MIMO technology and operate in multi-
bands. MIMO antennas are to use in future portable devices 
such as mobile handsets and tablets [9]-[12]. Unlike the 
standard MIMO systems which employ two or four elements 
in a single physical package, a high number of antenna 
radiators are employed for the massive MIMO system. 

In accordance with the requirement of mobile networks, 
low-profile, wideband antenna elements with sufficient 
mutual couplings are an urgent demand in the 5G terminals 
for handheld device applications [13]-[16]. Since the space of 
the portable device is limited, the configuration of the 
multiple antennas is difficult to install in such a limited 
device. Thus, integration of multiple antenna elements into a 
mobile handset is a new challenge. Recently, several 
techniques have been introduced to design MIMO antennas 
for 4G and sub-6 GHz 5G mobile terminals [17]-[20]. 
However, these smartphone antennas not only exhibit narrow 
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impedance-bandwidth (either single-band or dual/multi- 
bands), but also employ single-polarized resonators mainly 
with uniplanar structures occupying large spaces of the 
mainboard which could increase the complexity of the system.  

In this study, a design of MIMO smartphone antenna with 
compact radiation elements, high efficiency, and wide 
bandwidth is presented for 3.6 GHz 5G applications. 3.6 GHz 
is a candidate frequency band for sub-6-GHz 5G cellular 
networks, proposed by Ofcom [21]. Four elements of double-
fed/differently-polarized circular-ring/slot-line antennas are 
deployed at different corners to exhibit orthogonal 
polarizations with the pattern and polarization diversity. The 
proposed antenna system exhibits not only sufficing radiation 
coverage supporting different sides of the mainboard but also 
the polarization diversity [22], [23].  

The configuration of the antenna element consists of a 
compact circular-ring slot radiator with a pair of microstrip 
feed lines. The antenna elements exhibit 400 MHz impedance 
bandwidth with low mutual coupling function for S11 ≤ -10 dB. 
High isolation (15 dB), high efficiency (60%-80%), wide 
bandwidth (400 MHz), and dual-polarized properties have 
been achieved for the proposed design. The CST software was 
used to investigate antenna characteristics and to find the 
optimal structure for the antenna [24]. 

II. CHARACTERISTIC OF SINGLE-ELEMENT ANTENNA 

The configuration of the designed dual-polarized circular-
ring antenna is illustrated in Fig. 1. It is designed on an FR-4 
substrate (h = 1.6 mm, ε = 4.4, and δ = 0.025) to operate at 3.6 
GHz. Its design parameters (in mm) are as follow: WS = 34, 
LS = 34, hS = 1.6, Wf = 3, Lf = 11.5 r = 9.25, and r1 = 8 

 

 

Fig. 1 Configuration of the dual-polarized slot antenna element 
 
The antenna configuration contains a pair of microstrip 
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feed lines along with a circular-ring slot radiator in the ground 
plane. Fig. 2 illustrates the antenna S-parameters. From the 
above observations, it is clear that for S11 ≤ -10 dB, the 
antenna provides 400 impedance bandwidth (3.4-3.8 GHz). In 
addition, the mutual coupling characteristic of the dual-port 
design is less than -15 dB at the antenna resonance frequency 
(3.6 GHz).  

The current distributions in the ground plane of the antenna 
at operating frequency (3.6 GHz) are illustrated in Fig. 3. The 
currents are mainly distributed around the slot-ring radiator. 
As can be observed from Figs. 3 (a) and (b), for the different 
feeding ports of the antenna, the current floww are equal 
and opposite due to the polarization diversity function [25], 
[26]. Fig. 4 represents the antenna 3D radiation pattern for 
each feeding port: the antenna exhibits similar radiation 
patterns with more than 3 dB realized gain and different 
polarizations from the feeding ports. The fundamental 

characteristics in terms of radiation efficiency, total 
efficiency, maximum gain, and directivity over the antenna 
operation band are shown in Fig. 5. 

 

 

Fig. 2 S-parameter results of the single-element antenna design 

 

 

(a)                                                             (b) 

Fig. 3 Current densities at 3.6 GHz for (a) Port 1 and (b) Port 2 
 

 

(a)                                                              (b) 

Fig. 4 (a) 3D radiation patterns at 3.6 GHz for (a) Port 1 and (b) Port 2 
 

As shown the antenna provides very high efficiencies. 
More than 75% radiation and total efficiencies have been 
achieved over the entire operation band. Besides, the antenna 
has more than 80% efficiency at the operating frequency (3.6 
GHz). According to the obtained results, the antenna provides 
almost constant maximum gain characteristics over its 
operation band. Around 3-3.5 dBi maximum gain has been 

achieved for the antenna. 

III. MULTIPLE-ANTENNA SYSTEM 

Fig. 6 illustrates the schematic of the MIMO antenna 
design for future smartphones. The design has been 
implemented on an FR4 substrate (h: 1.6 mm, ε: 4.4, and δ: 
0.025) with the size of 75×150×1.6 mm3. As illustrated, four 
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elements of the dual-polarized radiators have been placed at 
the corner of the PCB. Each pair of microstrip lines will 
excite orthogonal polarizations to enhance the MIMO 
performances of the design.  

 

 

Fig. 5 Fundamental characteristics of the antenna element 
 

 

Fig. 6 Side and top vies of the proposed MIMO antenna system 
 

Fig. 7 depicts the antenna S parameters (including Snn and 
Smn) over the antenna operation band. The smartphone 5G 
antenna exhibits good S parameters with wide bandwidth 
(3.4-3.8 GHz) and acceptable isolations of better than 15 dB. 
It is evident that the dual-polarized radiation elements provide 
similar performances. The design radiation patterns are 
displayed in Fig. 8: the antenna elements have quasi-
omnidirectional radiation patterns that mainly cover the top 
and bottom sides of the smartphone PCB. Due to this point, 
the ring-slot antenna is a better candidate to be used in 
smartphone antenna design, compared with other microstrip 
antennas such as patch, dipole, and Yagi antennas. In 
addition, the antenna elements are miniaturized and providing 
double-fed/dual-polarization function. As can be observed, 
each side of the PCB has been covered with differently 
polarized radiation patterns. Thus, the smartphone antenna 

system exhibits a full radiation coverage and can support both 
vertical and horizontal polarizations which make it suitable 
for future smartphone applications [27], [28]. Moreover, high 
radiation and total efficiencies are observed within the 
frequency band of the MIMO antenna system, as shown in 
Fig. 9: more than 75% radiation and total efficiencies have 
been obtained for the radiation elements at 3.6 GHz. The 
smartphone MIMO antenna is constructed on a cheap FR4 
substrate with an overall dimension of 75×150×1.6 mm3. Top 
and bottom views of the prototype are shown in Figs. 10 (a) 
and (b), respectively.  

 

 

(a) 
 

 

(b) 

Fig. 7 Simulated (a) Snn and (b) Smn of the MIMO design 
 
Figs. 11 (a) and (b) illustrate measured/simulated S-

parameters (S11~S88 and S21~S81) of the design. As illustrated, 
the circular-ring slot resonators achieve good S-parameters 
with sufficient impedance bandwidth and low mutual coupling 
characteristic in the desired frequency range [29], [30]. There 
is some deflection from the measurements and simulations 
which could be mainly because of the errors in fabrication, 
feeding and measurements processes. 

IV. CONCLUSION 

A design of MIMO antenna with orthogonally dual-
polarized radiators is presented for 5G smartphone 
applications. Its configuration contains eight-port/four 
elements of modified circular-rings slot radiators deployed at 
four edges of the mobile-phone PCB. The operation frequency 
of the radiators spans from 3.4 to 3.8 GHz with the resonance 
at 3.6 GHz. Fundamental properties of the smartphone 
antenna design including S-parameter, efficiency, radiation 
patterns, and antenna gain are investigated. The MIMO 
antenna design not only can provide full radiation coverage 
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but also it can support different polarizations. A prototype of 
the designed MIMO antenna was fabricated and its measured 
results are provided. It is simple and easy for fabrication using 

printed circuit technology. The results demonstrated that the 
antenna meets the requirements for use in smartphones. 

 

 

Fig. 8 Radiation patterns of the proposed MIMO antenna system 
 

 

Fig. 9 Efficiencies of the MIMO antenna 
 

 

(a) 
 

 

(b) 

Fig. 10 (a) Top and (b) bottom vies of the fabricated prototype 

 

(a) 
 

 

(b) 

Fig. 11 Measured (a) Snn and (b) Smn of the MIMO design. 
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