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Abstract—This paper demonstrates a low-profile, wide-band, 

two-element, frequency-reconfigurable MIMO antenna that is 

suitable for diverse wireless applications of 4G and 5G such as 

WLAN/Bluetooth (2.4–2.5 GHz), WLAN (2.4–2.484 GHz, 5.15–

5.35 GHz, and 5.725–5.825 GHz), WiMAX (3.3–3.69 GHz and 

5.25–5.85 GHz), Sub6GHz band proposed for 5G (3.4–3.6 GHz, 

3.6-3.8GHz and 4.4–4.99 GHz), INSAT and satellite X-band(6 to 

9.6 GHz). Proposed MIMO favour effortless switching between 

multiple bands ranging from 2.2 to 9.4 GHz without causing any 

interference. Both antenna elements in a MIMO array are made 

up of a single module comprised of a slot-loaded patch and a 

defective structured ground. Two PIN diodes are placed in the pre-

set position of the ground defect to achieve frequency-

reconfigurable qualities. The suggested MIMO antenna has a size 

of 62 ×25 ×1.5 mm3. Previous reconfigurable MIMO designs 

improved isolation using a meander line resonator, faulty ground 

structures, or self-isolation approaches. To attain the isolation 

requirements of modern devices, stub approach is introduced in 

proposed design. Without use of stub, simulated isolation is 15dB. 

The addition of a stub improved isolation even more. At six 

resonances, measured isolation is greater than 18 dB, the computed 

correlation coefficient is below 0.0065, and diversity gain is over 

9.8 dB. 

 

Keywords—Diversity gain (DG); Defective ground structure 

(DGS); Fractional bandwidth (FBW); ITU (International 

telecommunication union); INSAT; Frequency Reconfigurable 

antenna (FRA); Multiple input multiple output (MIMO); Mutual 

coupling; Isolation; 5G; Envelope correlation coefficient (ECC) 

I. INTRODUCTION 

IFTH-generation (5G) wireless communication has 

received a lot of interest in recent years. The rapid increase 

in portable device traffic is the driving force behind the intense 

interest in the development of 5G technology. With the 

exponential growth of wireless devices, a variety of issues have 

emerged, such as spectrum congestion, lower data rates, 

reduced channel capacity, improper spectrum usage, 

interference, and jamming. 4G technological innovations were 

inefficient to quench the modern era's need. Wider operating 

bandwidth is helpful in enhancing channel capacity and data 

rates in current and future generation devices [1]. An antenna is 

an element mean for radiation and reception of signals that 

reveal information. Industry sponsors' requirements for 5G 

antenna design include frequency tuning, low cost, wide 

bandwidth, a steady radiation pattern, increased channel 
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capacity, and improved link reliability. Such requirements 

cannot be met by a single antenna. To satisfy the aforesaid 

needs, 5G employs MIMO antennas [2]. The FCC has 

designated a sub-6 GHz (3.2 to 6 GHz) frequency band for 5G 

wireless communication since it can provide improved spectral 

efficiency in the available spectrum and facilitate network 

development in urban areas [3]. As portable devices are 

becoming lighter and thinner by the day, a typical MIMO 

antenna for 5G devices should meet specified criteria like 

compact structure with high gain, steady radiation pattern, and 

low envelop correlation [4]. The most effective way to make 

MIMO compact is to replace multiple fixed-performance 

antennas of MIMO with frequency-reconfigurable antennas, 

which provide coverage for several wireless applications on the 

same platform based on switching conditions [5]. FRA also aids 

in maintaining high data rate and adequate isolation between 

antenna units within MIMO [6]. 

MIMO's close proximity of radiating units provides 

compactness at the expense of high mutual coupling, which 

reduces throughput. A compact MIMO antenna design with 

good performance and the additional need for tunable behavior 

is a significant issue for portable devices. Various external and 

internal decoupling strategies have been reported to construct a 

MIMO antenna system with excellent element isolation [7]. 

These methods can modify coupling by constricting, blocking, 

or reducing surface current flow. 

Several MIMO frequency reconfigurable antennas for 4G, 

5G, S-band, and X-band applications are documented in the 

literature. However, the majority of them focused on single-

band MIMO, a few on multiband, and a very few on FR-MIMO 

antennas. A triband, dual-port FRA MIMO system based on C-

structured defects in the patch and four-pin diodes was proposed 

in a paper [8]. The designed MIMO antenna has an overall 

volume of 60 ×20 ×0.8 mm3. This achieves good isolation by 

incorporating an inverted T-shaped defect between the 

elements. To improve isolation, a unique C-structured 

meandered-line-resonator (MLR) is placed on top between 

elements. A frequency reconfigurable quad-band MIMO 

antenna designed on the basis of complex structure of a ring and 

new moon is presented in [9]. To diminish mutual coupling 

between close elements, a gradient arc structure is utilized, 

which is challenging to achieve. The antenna is 71 x 30 x 1.6 

mm3 in overall volume. Due to the near proximity of the 
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elements, the S21 values are typically less than -15dB. A 

meandering slot-line-based quad-band MIMO system with sub-

1 GHz spectrum coverage and multiband functioning is 

delineated in [10].  MIMO is realized on a RO4350 substrate 

with 60 ×120× 0.76 mm3 dimensions. The antenna covers the 

frequencies 0.665–1.13 GHz, 1.415–2.005 GHz, 2.42–3.09 

GHz, and 3.18–3.89 GHz. Over the all-operating bands, the 

worst-case isolation values found were -11.7dB. A MIMO 

antenna for 4G and early 5G wireless communication is 

described in a paper [11]. The actual size of this antenna is 120 

mm× 60 mm ×1.52 mm3. Two antennas are placed orthogonally 

to each other on the same substrate to improve diversity 

performance. The observed S12 between the elements is also 

good, measuring 16 dB for resonance mode-1 and 19 dB for 

resonance mode-2.In [12], MIMO seems to have a volume of 

32× 98× 1 mm3, where measured S12 is greater than 15 dB. The 

antenna switches between 1.8, 2.4, 3.5, and 5.5 GHz bands with 

ECC< 0.04. In [13], I-shaped stubs are loaded to attain good S12 

in a semi-circular contour MIMO antenna functioning over a 

frequency range of 1.9 to 10.2 GHz, whereas the reported 

antenna is 27×50 mm2 in size, which is larger and non-

reconfigurable in comparison. 

The designs discussed above achieve a compromise between 

massive size, narrow bandwidth, and design complexity. The 

positioning of the meander line resonator in [8] is difficult and 

makes the fabrication complex. The designs given in [9,10,11] 

have the disadvantage of being larger and hence more difficult 

to apply to portable devices. According to [12], widespread use 

of MEMS causes significant insertion loss. Similarly, in [9, 10] 

the antenna isolation is insufficient to meet the modern MIMO 

norm of more than 15dB. There were only a few stub-based 

antennas in the literature, and they were all non-reconfigurable 

with restricted frequency band coverage. Furthermore, the 

literature focuses mostly on frequency reconfigurable MIMO 

antennas for 4G or sub-6 GHz bands. As a result, wide band 

frequency-reconfigurable MIMO antennas covering 4G/LTE, 

all Sub 6GHz bands with higher frequency bands are an 

appealing field of research for current and next-generation 

wireless applications. 

In this article, a new easy-to-integrate, small, two-element, 

frequency-reconfigurable MIMO antenna operating over 2.2 to 

9.4 GHz with a wide-bandwidth ranging from 900MHz to 

6800MHz is investigated for modern generation wireless device 

applications. Based on the switching conditions, the suggested 

antenna covers six communicating frequency bands: f1 = 8.9, f2 

= 3.5, f3 = 8.7 GHz, f4 = 3.4, f5=8.4, and f6 = 5.4 GHz. The 

presented MIMO provides an adequate level of isolation of -

15dB without stub loading. The integration of a stub improved 

isolation even more. Isolation greater than 18dB is measured at 

different operating frequencies. The calculated coupling 

coefficient and CCL is less than 0.0065 and 0.2bps/Hz. Also, 

diversity gain of almost 10 dB is achieved in these working 

bands. 

II. SINGLE ELEMENT ANTENNA 

This section presents the design and analysis of a DGS-

based FRA that operates in four modes. PIN diodes that 

differentially control the flow of current in the antenna structure 

are used to shift or switch modes. The single antenna operates 

between six communicating frequency bands centred at f1 = 8.9, 

f2 = 2.9, f3 = 8.7 GHz, f4 = 3, f5=8.6, and f6 = 5.6 GHz based 

on switching states. FRA is implemented on a 1.5-mm-thick FR-

4 substrate with a dielectric permittivity of 4.2 and a loss tangent 

of 0.02. A single antenna element is 25× 28 mm2 in size. This 

antenna is powered by a 50-ohm microstrip feed line in typical 

operation. 

The proposed single element has wide-band characteristics. 

Figures 1(a) and (b) illustrates the proposed single element's 

evolution steps and corresponding reflection coefficients. First, 

a complete ground-plane microstrip-line-fed rectangular patch 

antenna with a resonance frequency of 6.8 GHz is modeled. The 

observed reflection coefficient at this frequency is -11 dB. Step 

2 entails etching slots into the rectangular patch and shrinking 

the ground dimensions to 6.5×25mm2. To reconfigure the 

surface conductance, a fragmented ground plane was inserted 

beneath the feed line. The use of a partial ground plane changed 

the characteristic impedance and, as a result, the S-parameters. 

The impedance bandwidth observed is less than -10 dB at 

operating frequencies of 3.4 and 7.8 GHz. Steps 3 and 4 engrave 

nearly one F-shaped DGS (slot1) with a 20× 1mm2 size and one 

nearly U-shaped DGS (slot2) with a length of less than λ/4, 

resulting in matching bandwidth at the 3.2–8.6 GHz and 2.2–9.4 

GHz bands. 

 

 
   (a) 

 
                                                                                        

(b) 
Fig. 1. (a) Design steps (b) Evolution steps reflection coefficient  

 

The proposed FRA antenna is implemented in stage4 by 

incorporating two SMP-1320-SC79 PIN diodes (D1 and D2). In 

the ANSYS high-frequency structure simulator, the FRA 
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antenna is simulated using diodes with 0.9 ohms resistance to 

turn on and a 0.3 pF capacitor to turn off. For dc biasing of D1 

and D2, 0.6mm× 2mm copper strips are formed within the F-

DGS at the diode placement position. In addition, a 100-pF DC 

blocking capacitor is linked in series with the diodes (refer to 

Figure 2). A voltage of 1 volt and 5volts is enough to switch the 

PIN diode between the ON and OFF states. 

Figure 3 depicts the measured S11 of fabricated FRA in 

various modes. Impedance bandwidth reference of -10 dB is 

achieved at 8.4–9.5 GHz (FBW = 21.53%) in mode-1(when  

 

diodes OFF) with S11 of -13.74 at 8.9 GHz.  Dual-band 

operation has been measured in switching state 2 (D1, D2 

ON/OFF) at 2.4–3.5 GHz (18.38%) and 6.2–9.6 GHz (56.03%) 

bands, with an observed S11 of -12.58 dB and -26 dB, 

respectively. In switching state 3 (OFF/ON), evaluated findings 

demonstrate impedance bandwidths of -10 dB at 2.4–3.7 GHz 

(18.38%) and 6–9.6 GHz (57%) at 3 GHz and 8.6 GHz bands, 

respectively. Operation is observed over the 2.4–9.2 GHz 

(103.07%) band for state 4 (both ON), with an S11 of -22.36 at 

the 5.6 GHz center frequency. 
 

 

 
 

Fig. 2. Schematics and fabricated top and bottom views of proposed single element 

 
TABLE I 

STRUCTURAL PARAMETERS OF A SINGLE-ELEMENT ANTENNA 

 

 

 

 

 
 

Fig. 3: S11 parameters of a proposed single reconfigurable element 

 

 

III. PROPOSED FREQUENCY RECONFIGURABLE TWO 

ELEMENT MIMO ANTENNA 

A compact, frequency-reconfigurable MIMO system has 

been designed using a proposed single element that is operating 

in various commercial bands Figure 4(a-b) shows the MIMO 

configuration without and with a stub. The MIMO antenna is 

realized on a FR4 substrate and has a total volume of 62× 25 

×1.5 mm3.This MIMO antenna is formed by integrating two 

single FRA’s at proximity of 18mm (0.4λ0). A common ground 

plane is shared by the antenna elements, where the separation 

between ground slots is 16 mm. The antenna elements of MIMO 

are labelled as Ant1 and Ant2. It is fabricated, and a prototype 

is produced to authenticate the performance characteristics of 

modeled MIMO, as shown in Figure 4 (c). A traditional 

chemical finishing process is used to create the prototype. Key 

sight Technologies Field Fox Vector Network Analyzer 

N9926A is used to measure the S-parameters and radiation 

characteristics. 

Parameters Value(mm) Parameters Value(mm) 

Length of the patch (LP) 9.8 Length of feed (LF) 6 

Width of the patch (WP) 13 Width of feed (WF) 2.8 

Substrate and full ground length (LS=LG) 25 Ground plane slot1 (a×b×c) 20×1×1.4mm2 

Substrate and ground width (WS=WG) 28 Metal strips 0.6mm × 2 mm 

Patrial Ground length (LPG) 6.5 Ground plane slot2 (d×e) 1.8mm×1mm 

Ground width (WG) 28 Height of substrate (h) 1.5 
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(a) 

 
 (b)  

 
(c) 

Fig. 4. Proposed MIMO antenna system: (a) proposed layout (b) 2×1 

MIMO antenna with stub (c) fabricated circuit top and bottom views 

 

Figure 5 interprets with and without stub reflection 

coefficients of the simulated MIMO. From figure, observed is 

integration of stub on the ground plane shifted the passband 

frequency slightly to the upper side, resulted in a small reduction 

in bandwidth. This could be due to the stub's resonating 

property, which is a common issue with this technique and has 

also been observed in previous research work. 

 

 
Fig. 5. Comparison of simulated with and without stub S11-

parameters 

 

Parallel elements can produce the symmetrical 

electromagnetic field and the similar polarization thus, the 

power will flow from antenna 1 to antenna 2 when they are 

excited, which leads to the high coupling between parallel 

elements. Figure 6 depicts the simulated surface current 

distribution when Ant 1 is excited and Ant 2 is terminated at the 

matched load. The surface waves are linked to the non-excited 

antenna, causing significant mutual coupling. When stub is 

incorporated, the surface waves and near fields are blocked from 

reaching the non-excited antenna by concentrating within the 

stub, ensuring excellent isolation between the elements. 
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   (a) 

 
                                                   (b) 

Fig. 6. The simulated surface current distribution(a)without stub  and  

(b)with stub 

 

 

 
Fig. 7. Comparison of with and without stub S12 of MIMO antenna 

 

Stub significance can also be evaluated by observing the 

simulated S-parameter and comparing it with those without a 

stub. Figure 7 compares the isolation of -15 dB achieved without 

the use of any decoupler at working bands throughout all 

switching modes. Without stub, isolation values are -14.36, -15, 

-15.36, -14.89, -15.18, and -14.83 dB at resonance frequencies 

8.9, 2.9, 8.7, 3, 8.6, and 5.6 GHz, respectively. 

To enhance isolation further, a unique vertical stub is loaded 

on the ground plane between the radiating elements of the 

MIMO antenna, as depicted in Figure 4(b). This stub functions 

as a band-stop filter for the desired band, yielding a transmission 

null within the radiating elements, which interrupts the flow of 

current, surface waves, and relative fields. Stub reduces near-

field coupling between antenna elements by suppressing surface 

current transmission and concentrating within the decoupling 

structure. The dimensions of the stub are shown in Figure 4 (b). 

The isolation plots in Figure 7 show that the isolation improves 

significantly upon integrating the stub. In the presence of a stub, 

the isolation is enhanced to -17.36, -24.70, -17.20, -26.90, -

17.20, and -19.62 dB at operating frequencies of f1 = 9 GHz (8.6 

to 9.4), f2 = 3.4 GHz (3 to 3.7), f3 = 8.6 GHz (8 to 9.4), f4 = 3.5 

GHz (2.8 to 3.8), f5 = 8.5 GHz (7.8 to 9.2), and f6 = 5.4 GHz 

(2.2 to 9). 
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Fig. 8. Comparison between simulated and measured S11-S22 parameters 

 

Figure 8 compares simulated and measured S-parameters. S-

parameters(S11) less than –10 dB is measured at frequencies of 

8.9 GHz (8.2 to 9.2), 3.5 GHz (3 to 3.9), 8.7 GHz (8.1 to 9.4), 

3.4 GHz (2.8 to 3.7), 8.4 GHz (7.7 to 9.1), and 5.4 GHz (2.2 to 

9) in four modes. S-parameters indicating that the measured S11 

of a stub-based MIMO reconfigurable antenna array replicates 

the simulated. In addition, measured isolation considerably 

greater than -18 dB is noticed throughout all functioning bands 

and switching states, as depicted in Figure 9. In mode 1 at 8.9 

GHz, the measured isolation is -18.86. The isolation at 3.5 GHz 

and 8.7 GHz in state 2 is -27.12 and -18.26 dB, respectively. 

Isolation at 3.4 and 8.4 GHz in state 3 is -28.40 and -18.76 dB, 

respectively. The measured isolation at 5.4 GHz is -21.68 in the 

final state. The simulated and measured isolation parameters are 

in better agreement. As a result, this paper proposes a simple, 

compact, and wide band two-element frequency reconfigurable 

MIMO that can promote diverse wireless applications of 4G 

technology in LTE band 40 (2.3 GHz to 2.4 GHz), LTE band 42 

(3.4 to 3.6 GHz), LTE band 43 (3.6 to 3.8 GHz), LTE band 46 

(5.1 to 5.9 GHz),  5G in N77 band (3.2 to 4.2 GHz), sub-6 

GHz/N78 band (3.3 to 3.8 GHz), N79 (4.4 to 5GHz), and X band 

(6.2–9.7 GHz). 

 

 

 
 

 

 
 

Fig. 9. Comparison between simulated and measured S-parameters (S21) 

 

A. Diversity Performance of MIMO 

The radiation patterns of the MIMO antenna were analyzed 

in an anechoic chamber measuring 8.0 m x 7.0 m x 6.0 m in size. 

Figure 10 depicts the measured and modelled E- and H-plane 

patterns atf1= 8.9, f2 = 3.5, f3 = 8.7 GHz, f4 = 3.4, f5=8.4, and 

f6 = 5.4 GHz. To demonstrate the proposed antenna's 

performance, the far-field pattern and gain were investigated 

using an electromagnetic simulator and testing systems. Figure 

10 shows an antenna with an omnidirectional radiation pattern 

in the H-plane and a bidirectional radiation pattern in the E-

plane. At 8.9 GHz, the simulated gain is 5.4 dBi, while the 

measured gain is 5.3 dBi. At 3.5 GHz and 8.7 GHz, the antenna 

exhibits a nearly omni-directional radiation pattern in the main 

H-plane (900), while the E-plane (00) exhibits a bidirectional 

radiation pattern. The observed simulated gain values are 4.7 

dBi and 6.2 dBi, respectively, while the measured values are 4.5 

dBi and 6.1 dBi at these frequencies. At 3.4 and 8.4 GHz, the 

antenna exhibits an omni-directional radiation pattern and a bi-

directional radiation pattern in the main H-plane (900) and E-

plane (00), respectively. Furthermore, at 3.4 GHz and 8.4 GHz, 

a simulated gain of 4.8, 6.3 dBi, is obtained, while a measured 

gain of 4.5 dBi and 6.2 dBi is obtained. Similarly at 5.4 GHz, 

the observed simulated gain is 5.6 dBi, while the measured gain 

is 5.5 dBi. 
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Fig. 10. Comparison between simulated and measured radiation 

patterns 

 

To evaluate the diversity performance of the MIMO 

antenna, parameters such as the diversity gain (DG), envelope 

correlation coefficient (ECC), and channel capacity loss (CCL) 

were investigated. The ECC result rate the MIMO antenna's 

multiple-port performance. DG estimates the system's 

dependability. The CCL, on the other hand, estimates the limit 

to which information can be transmitted on the channel without 

loss. 
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Fig. 11. ECC of the simulated and measured MIMO antenna 

 

Figure 11 illustrates the comparison of the ECC of simulated 

and measured MIMO antennas. ECC measured is less than 

0.0065, which is extremely low when compared to the standard 

value (0.3) and without a stub value (0.0710). ECC between the 

elements is calculated using the equation (1) [14], which relies 

on the measured radiation pattern. 

 

 (1) 
 

where 1 and 2 represent the port numbers. Figure 12 shows 

the measured and simulated diversity gains in comparison. In all 

switching states, the stated MIMO antenna simulation and 

measurement diversity gain values are in close agreement. The 

DG of all states is > 9.8 dB, implying improved system 

reliability and diversity performance. The DG is calculated from 

the ECC using equation (2) [15]. 

 

DG=10 ×√1 − 𝐸𝐶𝐶2     (2) 

 

 

 
Fig. 12. Comparison of measured and simulated diversity gain  

 

Figure 13 depicts the CCL values of each mode. Simulated 

and measured CCL values are less than 0.2 b/s/Hz and exhibit 

quite good CCL performances when compared to the standard 

value (0.4). Both the ECC and CCL results show that the 

antenna performs well in terms of diversity. 
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Fig. 13. Simulated and measured with and without stub CCL comparison 

 

Table II illustrates the performance comparison of the 

recommended and previously published work. The 

 

recommended MIMO has less structural complexity, wider 

frequency coverage, a low profile, and superior results in terms 

of gain, bandwidth, and better diversity in terms of ECC and 

CCL. The table demonstrates that suggested antenna has a 

higher gain than [11, 16–19]. The isolation and ECC however, 

is comparable to that of [11–19]. There are numerous challenges 

to designing an FRA-MIMO antenna. The most difficult 

challenge could be achieving a broad frequency band, higher 

gain, and adequate isolation between radiating elements. Such a 

challenge is resolved by the suggested MIMO antenna. Its low 

profile, wide-bandwidth, higher isolation value and stable omni 

directional patterns make it suitable for 4G/5G portable devices 

and others applications. 

 

TABLE II 

 COMPARES SUGGESTED MIMO WITH EARLIER PUBLISHED WORKS 
 

References 
Dimensions 

(mm2) 
Operating bands 

Switching 

device 
Isolation Gain max. 

[11] 120 × 60 
2.2 to 2.7 

3.3 to 4.02 
RF-PIN Diode >12dB 4.2 

[12] 32 × 98 

0.6 – 0.7, 

1.7 – 1.9, 

2.4 – 2.7, 

3.2 – 4.1, 

5.1 – 5.9 GHz 

RF MEMS >15dB 5.14 

[16] 100x50 1.48, 1.72, 1.9, 2.01, 2.14, 2.27 PIN Diode >12dB 2.2 

[17] 45 × 45 2.2 – 6.28 
Non 

reconfigurable 
<−14 3 

[18] 60 × 120 

0.66 - 1.3, 

1.4 - 2.005, 

2.42 - 3.09, 

3.18 - 3.89 

Varactor diode <11.7 3.9 

[19] 150 × 70 3.4–3.6 (−6 dB) 
Non 

reconfigurable 
<−12 2.87 

Proposed 25×60 

8.6 - 9.4 

3 - 3.7 

8 -9.4 

2.8 - 3.6 

7.8 – 9.2 

2.2 - 9 

PIN Diode >18dB  4.7 to 6.3 dB 

 
CONCLUSION 

This paper presents a compact, two-element MIMO antenna 

that is reconfigurable in frequency to be suitable for 4G/LTE, 

5G/sub-6GHz, X-band, INSAT, and ITU band communication. 

It successfully covers the 8.2 - 9.2GHz, 3 - 3.9GHz, 8.1 - 

9.4GHz, 2.8 - 3.7GHz, 7.7 – 9.1GHz and 2.2 – 9GHz bands by 

electronically switching between four resonance states. Every 

mode has a reasonable measured peak gain. MIMO provides 

good diversity performance with a low ECC between the 

antenna elements and a higher DG (>9.8 dB). Furthermore, the 

channel capacity loss is less than 0.2bps/Hz, well within the 

band of each mode. Its compactness and better diversity 

performance make it ideal for 4G/LTE and 5G portable devices 

and heterogeneous wireless applications. 
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