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Abstract: A novel planar multi-input multi output (MIMO) antenna operating at 28 GHz is proposed, featuring a four-

elements with rotationally symmetric circular resonators with defected ground plane (DGP) to enhance performance 

of gain and isolation. The single element circular patch antenna design is extended into a MIMO configuration to 

improve gain and directivity, making it suitable for 5G. The proposed antenna is analyzed through simulated S-

parameters, including S₁₁ (like the single-element antenna) and S₂₁, S₃₁ for the MIMO configuration for evaluate 

impedance matching and coupling effects using the commercially available CST microwave studio suite software. A 

very fine mesh size used in the simulation for better accuracy for getting the good simulation results. The radiation 

characteristics at the resonant frequency are examined using both polar and 3D radiation patterns, demonstrating 

the antenna directional behavior and effective radiation performance. The antenna structure overall size is 45 x 45 x 

0.254 mm3. The Rogers 5880 with 2.2 dielectric constant is used as the substrate for the material. The defected 

ground plane (DGP) is used to improve the isolation between the ports in the MIMO structure. The proposed work 

examined in terms of the parameters like S11, S21, ECC (Envelope correlation coefficient), DG (Diversity Gain), CCL 

(Channel capacity Loss), TARC (Total Active Reflection Coefficient) and the radiation pattern. The mutual 

coupling/isolation is >25 dB and the MIMO parameters i.e., ECC <0.00033 with a DG >9.9 dB is achieved. The 

antenna is fabricated using photolithography techniques and validated using the vector network analyzer (VNA). Both 

the simulation and measured results are in good agreement in terms of S-parameters as well as radiation 

characteristics. 

Keywords: MIMO, DGP, BW, DG and ECC. 

 

1. Introduction 

In the modern era, rapid proliferation of wireless 

devices, limited bandwidth and constrained channel 

capacity have significantly driven the development of 

advanced communication network standards. This 

evolution has led to the emergence of next-generation 

communication systems like 5G as well as 6G, which 

offer substantially higher data rates and enhanced 

channel capacity [1-2]. 5G technology aims to deliver 

improved reliability, high-speed connectivity, and low 

power consumption to accommodate the exponential 

growth of connected devices. Moreover, it promises to 

support emerging technologies such as smart cities and 

the Internet of Things (IoT) [3-4]. Despite these 

advantages, mm-wave communications face inherent 

challenges including signal fading, atmospheric 

absorption, and high path loss issues that are especially 

pronounced in single antenna systems [5-6]. To address 

these limitations multiple-input multiple-output (MIMO) 

antenna systems have emerged as a key enabler for 

current and future wireless networks. MIMO technology 

leverages multiple antennas to enhance channel 

capacity and enable high data throughput in the gigabits 

per second (Gbps) [7]. However, 5G MIMO antennas 

require wide bandwidths, high gain to mitigate 

atmospheric losses, and compact designs suitable for 

integration into various devices. The MIMO antenna 

design challenges such as minimizing mutual coupling 

and achieving high isolation between closely spaced 

antenna elements critical factors that impact overall 

performance. 

A wide array of antenna solutions operating at 

mm-wave frequencies for 5G applications has recently 

been reported [12]. Some of these designs demonstrate 
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limited gain [8-9], making them inadequate to overcome 

the high attenuation experienced at mm-wave 

frequencies. To combat such propagation losses, 

several high gain and beam steering antenna arrays 

have been proposed with strong signal coverage and 

broad spatial range [10-12]. However, many multi-

element antenna arrays are limited by single-port 

feeding, resulting in performance comparable to single 

antennas, but the MIMO systems provide advantages 

such as multipath propagation, increased link reliability, 

higher capacity, and improved data rates are the core 

attributes of 5G systems. Different MIMO antenna 

designs tailored for mm-wave 5G communication have 

recently been introduced [13-25]. For instance, a planar 

inverted-F antenna (PIFA) MIMO configuration offering 

1 GHz bandwidth and a simulated peak gain of 12 dBi is 

presented in [12]. A MIMO antenna with an 

electromagnetic bandgap (EBG) structure, achieving a 

bandwidth of 0.8 GHz is implemented in [13]. The patch 

antenna was selected due to low-profile and planar 

structure, suitable for compact integration, ease of 

fabrication at mm-wave frequencies as well as 

compatibility with MIMO configurations and array 

structures and better integration capability compared to 

PIFA and DRA involves more complex geometries. In 

[14], a multi-element antenna capable of directional 

radiation suitable for 5G applications is proposed, 

achieving 1.5 GHz bandwidth (27.2–28.7 GHz) and a 

peak gain of 7.41 dBi at 28 GHz. 

Dielectric resonator antennas (DRAs) for 5G 

applications are explored in [15,16], with bandwidths 

near 1 GHz. Reference [15] employs a substrate-

integrated waveguide (SIW) feed with a peak gain of 

7.37 dBi, while [16] evaluates envelope correlation 

coefficient (ECC) to assess MIMO performance. 

Similarly, [17] presents a slotted SIW-fed MIMO antenna 

array covering 24.25–27.5 GHz and 27.5–28.35 GHz, 

with gains ranging from 8.2 to 9.6 dBi. In [18], a compact 

T-shaped four-element MIMO antenna (dimensions: 

12×50.8×0.8 mm³) offers wide bandwidth (25.1–37.5 

GHz) and a peak gain of 10.6 dBi, although only ECC is 

analyzed. An 8×8 MIMO array with a 31.2×31.2×1.57 

mm³ substrate is presented in [19], resonating at 25.2 

GHz with a 5.68 GHz bandwidth and a peak gain of 

8.732 dBi. ECC, mean effective gain (MEG), and 

diversity gain (DG) are evaluated. In [20] introduces a 

two-port MIMO array (31.7×53×0.2 mm³) with microstrip 

feedlines and EBG reflectors, achieving wide bandwidth 

and peak gain up to 11.5 dBi. MIMO performance is 

evaluated through ECC and DG. A MIMO antenna with 

integrated metamaterial arrays is demonstrated in [22], 

with a 30×30.5×0.508 mm³ substrate and a peak gain of 

7.4 dBi at 26 GHz. 

Table 1 summarizes the antenna structures 

along with their advantages and limitations in the 

literature. It is observed that while various techniques 

such as metamaterials, DGS and array configurations 

improve gain, bandwidth and isolation but they often 

introduce increased design complexity, fabrication 

challenges and size constraints. Therefore, achieving a 

compact, wideband, and high-isolation antenna suitable 

for 5G applications remains a significant research 

challenge. 

In this paper, we propose the design of a four-

element circular patch array with MIMO capabilities for 

mm-wave 5G frequency bands. The proposed antenna 

features high gain and well-suited for next-generation 

devices such as smartwatches and mobile systems. 

With its compact and straightforward geometry, the 

antenna design supports seamless integration into 5G-

enabled smart devices. Its excellent MIMO performance 

affirms its suitability for future 5G wireless 

communication applications.

 

Table 1. Summary of the Literature 

Ref No Antenna structure Advantage Disadvantage 

[5] mmWave antenna arrays High gain, beam steering 

capability 

Complex feeding network, high 

cost 

[8] Switched beam antenna (PIN 

diodes) 

Bean steering and adaptive 

radiation 

Biasing complexity and losses. 

[12] PIFA MIMO Compact and suitable for mobile 

devices 

Limited Bandwidth 

[13] EBG-backed MIMO antenna Reduced mutual coupling, 

improved isolation 

Increased thickness and 

fabrication complexity 

[15] Substrate integrated dual 

frequency antenna 

Compact, dual band operation Limited bandwidth 

[16] Dielectric resonator MIMO High efficiency and low loss Complex fabrication and 

integration issues 

[18] T-shaped DGS MIMO antenna Improved isolation and compact Design sensitivity to parameters 

[19] MIMO antennas for 5G devices Enhanced capacity, diversity 

gain 

Mutual coupling challenges 

[25] 4-port DGS MIMO antenna Good isolation, compact design Increased design complexity 
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2. Antenna Design 

The antenna was designed using the low loss 

laminate i.e. Rogers 5880 with εr = 2.2 and a 

thickness/height of 0.254 mm. The rogers 5880 have 

used in high-frequency applications, minimum dielectric 

losses and is commercially available. The overall size of 

the proposed circular patch MIMO antenna is 45 mm × 

45 mm × 0.254 mm. The design consists of four circular 

patch radiating elements. The microstrip line is used as 

feed for excite the MIMO antennas. The quarter wave 

transformer is used for impedance matching between 

the circular patch and microstrip feed line. The distance 

between the two circular patch elements in the MIMO 

antenna configuration is 20 mm and the circular patch 

diameter is 7.4 mm. All the dimensions of the proposed 

antenna are represented in table 2. The proposed 

truncated circular patch antenna is design procedure is 

represented in figure 1. The figure 1 (a) is represented 

basic circular patch with microstrip line feed technique. 

For better impedance matching of the antenna 

impedance transformer technique is implemented and is 

represented in figure 1(b). The proposed truncated 

circular patch antenna is represented in the figure 1(c). 

The DGP is used to enhance the isolation and 

performance of the proposed MIMO antenna. The 

circular patch used in the proposed design the radius of 

the patch (a) is calculated using the following 

expression. 

𝑎 =
𝐹

{1+ 
2ℎ

𝜋𝜀𝑟
[ln(

𝜋𝐹

2ℎ
)+ 1.7726]}

1 2⁄          (1) 

Where, F  =
8.791×109

𝑓𝑟√𝜀𝑟
, 𝑓𝑟  is the resonant 

frequency of the application, h is the substrate height, 

r is the dielectric permittivity/constant of the substrate. 

The effective radius (aeff) due to fringing fields is 

𝛼𝑒𝑓𝑓 = 𝛼√1 +
2ℎ

𝜋𝜀𝑟
[ln (

𝜋𝛼

2ℎ
) + 1.7726]       (2) 

The input impedance at the edge of the feed line 

is  

𝑅𝑖𝑛 =
1

2𝐺𝑙
         (3) 

Where  𝐺𝑙 =
1

120𝜋2 ∫ [
sin(𝑘0𝑎 cos 𝜃)

cos 𝜃
]

𝜋
0

2  

By incorporating slots in the circular patch, the 

effective radius is  

𝑎𝑒𝑓𝑓
′ = 𝑎𝑒𝑓𝑓  −  ∆𝑎        (4) 

Where ∆𝑎 is the reduction of area due to slots, 

then the resonant frequency shift 𝑓𝑟
′ =

𝑋𝑚𝑛𝐶

2𝜋𝛼𝑒𝑓𝑓
′

√𝜀𝑟
 where 

Xmn is the mode constant.The equivalent LC model for 

the proposed structure is  

𝑓𝑟 =
1

2𝜋√𝐿𝑒𝑞𝐶𝑒𝑞
          (5) 

Where Leq and Ceq are the equivalent 

inductance and capacitance of the structure. The 

introduction of slots in the radiating structure can be 

represented by an equivalent LC circuit, where the 

inductance increases due to the change of the surface 

current path, and the capacitance increases due to the 

slot gaps. This combined effect reduces the resonant 

frequency and enables antenna miniaturization. 

The design and optimization procedure of the 

proposed antenna is represented in figure 2. The Figure 

3 is the proposed compact 2x2 circular patch MIMO 

antenna, each element is fed in different orientations to 

achieve polarization diversity and improves channel 

capacity. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Single element antenna design procedure (a) antenna 1 (circular patch with microstrip line) (b) antenna 2 

(circular patch with impedance transformer) and (c) Truncated circular patch antenna. 

 

(a) (b) 
(c) 
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Figure 2. Design and Optimization Block diagram of the proposed antenna 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Proposed 2X2 MIMO antenna with DGP (a) Front view (b) Back view 

 

(a) (b) 
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Table 2. Antenna design parameters 

S. No Parameter Value (mm) S. No Parameter Value (mm) 

1 Ls 25 7 D 7.4 

2 Ws 20 8 D1 7.1 

3 Lf 6 9 L 45 

4 Wf 0.75 10 W 45 

5 Lf1 5 11 L1 20 

6 Wf1 0.1 12 W1 1 

The antenna is designed to operate in the 

frequency range of 28 GHz which comes under 5G 

millimeter applications. The design and analysis of the 

proposed 2x2 circular patch MIMO antenna was carried 

out using commercially available antenna design 

software i.e. CST (computer simulation technology) 

studio suite. 

 

3. Simulation Results 

The return loss (S11) of the antenna 1, antenna 

2 and truncated circular patch antenna is represented in 

figure 4. The proposed single element has a bandwidth 

of >270 MHz with impedance of 50 ohms. The 2x2 MIMO 

antenna simulation results of S1, S22, S33, S44 and 

isolation (S21, S31, S41), VSWR and radiation pattern 

of the proposed MIMO antenna was analyzed using a 

CST studio suite. The simulation result of S11 and 

VSWR are represented in the Figure 4 and 5 

respectively. The |S₁₁| result represents that antenna is 

resonating at 28 GHz frequency with a bandwidth of 

0.278 GHz. The proposed single element simulated |S₁₁| 

remained below –10 dB across the required operating 

frequency range and the minimum value observed from 

figure 3 is ~17 dB at 28 GHz. 

The figure 5 represents the simulation results of 

the proposed 2x2 MIMO antenna with truncated circular 

patch with DGP. The simulated S-parameter results of 

the proposed 2x2 MIMO dual-polarized mm Wave 

antenna array, operating in the 26–30 GHz band, are 

shown in Figure 5. The return loss parameters (S₁₁, S₂₂, 

S₃₃, S₄₄) exhibit a sharp resonance around 28 GHz, with 

values below –10 dB which indicating good impedance 

matching across all ports. The mutual coupling 

parameters (S₂₁, S₃₁, S₄₁, S₃₂) demonstrate excellent 

isolation performance, with S₃₁ achieving levels better 

than –50 dB over most of the frequency range, and the 

remaining coupling terms consistently below –25 dB. 

This high isolation is attributed to the orthogonal feed 

arrangement and the incorporation of the DGP, which 

effectively suppresses surface wave coupling. The array 

achieves symmetrical performance across all ports, 

confirming the balanced design and suitability for dual-

polarized 2x2 MIMO operation in the 28 GHz 5G mm 

Wave band.  

Figure 6 represents the simulated radiation 

characteristics of the proposed 2x2 MIMO antenna at 28 

GHz frequency with each port excited individually while 

the remaining ports are terminated with matched loads. 

The figure 6(a)-(d) represents H-plane phi = 0 degree 

and these plots contains a beamwidth of 39.1 degrees. 

The figure 6(e)-(h) represents E-plane phi = 90 degree 

and these plots contains a beamwidth of 37.3 degrees 

with a SLL<-15 dB. The 3D radiation patterns exhibit 

broad and stable radiation coverage with distinct main 

lobes, where red regions represent maximum gain and 

green/blue indicate lower intensity in the figure 6(i) –(l). 

The quasi-omnidirectional nature of the lobes, combined 

with symmetrical distribution across ports, ensures wide 

angular coverage and effective polarization diversity. 

These characteristics, along with minimal pattern 

distortion, confirm the suitability of the array for 28 GHz 

MIMO applications. The gain achieved in the simulation 

is >9.3 dB across all the 4 ports of the proposed antenna. 

The gain versus frequency of the proposed antenna is 

represented in figure 7. 

The truncated circular patch is shown to improve 

impedance matching and bandwidth enhancement. The 

DGP is demonstrated to enhance port isolation by 

suppressing surface current coupling.  A comparative 

discussion with existing MIMO antenna designs has 

been added to emphasize the performance 

improvements achieved. 

The surface current distribution for the proposed 

antenna in the figure 8 clearly demonstrates the role of 

the DGP in enhancing antenna performance. With the 

introduction of DGP, the current distribution becomes 

more concentrated and spreads along the wheel 

structure region, resulting in extended current paths. 

This increase in effective current path length enhances 

the equivalent inductance, while the slot gaps introduce 

additional capacitance.  

Furthermore, the DGP suppresses surface 

wave propagation, thereby reducing mutual coupling 

and improving isolation characteristics.  
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Figure 4. Return loss (S11) of the single element antenna 

 

 

 

 

 

 

 

 

 

 

Figure 5. S-parameter characteristics of the proposed 2X2 MIMO antenna 

These effects collectively validate the 

effectiveness of the proposed DGP in improving the 

overall antenna performance. 

The comparison parameters of the proposed 

2x2 MIMO antenna with the corresponding 2x2 MIMO 

antenna with basic circular patch, wheel type structure 

and the proposed antenna in terms of bandwidth, gain 

and port to port isolation is represented in table 3.  

 

4. Measured Results 

The figure 9 represents the fabricated prototype 

of the proposed 2x2 MIMO antenna. 

The structure consists of four truncated circular patch 

antenna with wheel-shaped slots, arranged in the 2×2 

configuration. The feed lines are oriented orthogonally; 

two elements are fed horizontally and two fed vertically 

to meet the polarization diversity. This configuration 

helps improve polarization diversity and reduce mutual 

coupling between. The fabricated layout and feed 

arrangement are optimized for operation around 28 GHz 

for MIMO applications. The MIMO antenna is fabricated 

using the photolithographic techniques and 

commercially available fabrication process. The 

fabricated prototype is tested using the Agilent Keysight 

VNA (N5230A) using the suitable calibration kit. The 

0.25 mm SMA connectors are used for the fabrication 

and very fine solder used for soldering the microstrip line 

and the thick lead was used for the ground to properly 

grounded as well as return path for the signal. While 

measuring the port 1 and port 2 return loss and isolation, 

the other two ports are terminated using the 50-ohm 

terminations.  

The measure s-parameters like return loss (S11, 

S22, S33, S44) and isolation parameter (S21, S31 and 

S41) of the fabricated model is represented in figure 9. 

The simulated and measured s-parameters are in good 

agreement. From the figure 9, it is observed that MIMO 

antenna covers 27.8-28.2 GHz with return loss is <-10 

dB across all the four ports. The minimum isolation is 

observed in the measured results are <-25 dB. For 

simulation and measured s-parameters compared and 

represented in the figure 11. 

The measured E-field (phi=90 degrees) and H-

field (phi= 0 degrees) radiation pattern at 28 GHz is 

represented in figure 12. The radiation pattern is 

measured using the anechoic chamber. 
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Figure 6. Simulated Radiation characteristics of the proposed 2 by 2 MIMO antenna across all the 4 ports. The (a-

d) represents H-plane, (e-h) represents E-plane and (j-l) represents 3D radiation pattern across all 4 ports 

excitation 

 

 

Figure 7. Gain versus Frequency plot for the proposed 2x2 MIMO antenna 

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

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

(i) (j) (k) (l) 
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Figure 8. Surface current distributions of the 2 by 2 MIMO antenna (a) port 1 (b) port 2 (c) port 3 and (d) port 4. 

 

Table 3. Comparison results of the proposed 2x2 MIMO antenna with intermediate stage of antennas 

Antenna Bandwidth (GHz) Gain Port to port isolation (dB) 

MIMO basic antenna 0.2 7 15 

Wheel type MIMO antenna 0.27 9 22 

Proposed Wheel type MIMO antenna with DGP 0.278 9.3 30 

 

 

 

 

 

 

 

 

 

 

Figure 9. Fabricated prototypes of the proposed antenna 2x2 MIMO antenna (a) top view of radiating element and 

(b) Back view of the DGP. 
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Figure10. Measured S-parameter characteristics of the proposed 2X2 MIMO antenna 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. The simulated versus measured Return Loss parameter of the proposed 2x2 MIMO antenna. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Measured Radiation pattern at 28 GHz 

5. MIMO Parameters 

To ensure the performance of the MIMO 

antenna, it is essential to consider not only the S-

parameters and radiation characteristics but also 

specific diversity parameters. These parameters must 

meet certain predefined thresholds to ensure the 

antenna's suitability for practical MIMO applications. 

This section discusses the key diversity metrics relevant 

to MIMO antenna evaluation i.e. ECC and DG. 

The ECC is quantifies the correlation between 

signals received at different ports of a MIMO antenna. It 

is a key metric for assessing channel diversity and 

quality. A high ECC indicates strong correlation and low 

isolation between antenna elements, which can 

significantly degrade overall system performance. ECC 

reflects the mutual influence of the S-parameters and 

provides insight into the spatial diversity performance of 

the antenna. It can be calculated by use of received 

signal envelopes, S-parameters, or far-field radiation 

patterns to estimate complex cross-correlation. In this 

study, ECC is evaluated using the S-parameter-based 

approach [23] is shown in the equation (6). The ECC is 

calculated using S-parameter method is used for 

practical measurement purposes to simplify the process.  

𝐸𝐶𝐶 =
|𝑆𝑖𝑖∗ 𝑆𝑖𝑗+𝑆𝑗𝑖∗ 𝑆𝑗𝑗|

2

(1−|𝑆𝑖𝑖|2−| 𝑆𝑖𝑗|
2

)(1−|𝑆𝑗𝑗|
2

−| 𝑆𝑗𝑗|
2

)  
      (6) 
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Figure 13 illustrates the simulated ECC of the 

proposed 2x2 MIMO antenna array over the 26–30 GHz 

band. The ECC values for all port combinations remain 

extremely low, well below the critical threshold of 0.5, 

and in most cases under 0.005, confirming excellent 

isolation and minimal correlation between antenna 

elements. Such low ECC ensures that the antenna ports 

operate independently, enabling effective spatial and 

polarization diversity, which is essential for enhancing 

MIMO channel capacity and overall link reliability. 

The ECC limit for the practical antennas are 

<0.5 is used for uncorrelated MIMO antennas in [24]. 

The DG is the another crucial parameter of the MIMO 

antenna, as it use for reliability and effectiveness of the 

received signal in multipath environments. The high DG 

values indicates the better isolation between radiation 

elements.  The DG is enhancing the communication 

robustness and the isolation between the radiating 

elements are higher for higher DG antenna systems [25]. 

The DG of the MIMO antenna is calculated using 

equation 7 represents below.  

𝐷𝐺 = 10√1 − (𝐸𝐶𝐶)2           (7) 

The figure 14 shows the DG performance of the 

proposed 2x2 MIMO antenna across the frequency 

range of 26-30 GHz. The DG values remain consistently 

close to the ideal 10 dB throughout the band, 

demonstrating the array’s high diversity efficiency. Only 

minor variations are observed below 27 GHz, which are 

negligible and have no significant impact on system 

performance. The combination of near-ideal DG and 

very low ECC confirms the suitability of the proposed 

MIMO antenna has high-capacity and reliable 28 GHz 

MIMO communications. 

The Channel Capacity Loss (CCL) and Total 

Active Reflection Coefficient (TARC) are evaluated the 

MIMO performance of the proposed antenna. The CCL 

is computed from the S-parameter-based correlation 

matrix, and the value is below 0.4 bits/s/Hz, which 

indicates minimal capacity degradation. The TARC is 

calculated by considering simultaneous excitation of all 

ports with varying phase differences, providing a realistic 

measure of reflection characteristics. The CCL is 

calculated using the below equation, 

𝐶𝐶𝐿 = − log2 𝑑𝑒𝑡(𝜑𝑅)     (8) 

Where, 𝜑𝑅 = [
𝜑𝑖𝑖 𝜑𝑖𝑗

𝜑𝑗𝑖 𝜑𝑗𝑗
]        𝜑𝑖𝑖 = 1 − (|𝑆𝑖𝑖|2 + |𝑆𝑖𝑗|

2
, 

      𝜑𝑖𝑗 = −(𝑆𝑖𝑖 ∗ 𝑆𝑖𝑗 + 𝑆𝑗𝑖 ∗ 𝑆𝑗𝑗),  

𝜑𝑗𝑖 = −(𝑆𝑖𝑖 ∗ 𝑆𝑖𝑗 + 𝑆𝑗𝑖 ∗ 𝑆𝑗𝑗) , and    𝜑𝑗𝑗 = 1 − (|𝑆𝑗𝑗|
2

+

|𝑆𝑗𝑖|
2
.  Here the 

R  is correlation matrix of the receiving 

antenna. 

The TARC is calculated using the below formula 

  TARC =
√(|Sii +Sji ejθ|2+(|Sji +Sjj ejθ|22

√2
                               (9)              

The CCL and TARC value are calculated as 

0.23 and -16.3 respectively. The obtained results 

confirm good isolation, low correlation, and efficient 

multi-port operation of the proposed design.  

A comparison of related works represented in 

the literature are tabulated in table 4. The comparative 

parameters like operating frequency, size of the antenna, 

number of ports, Gain, ECC and DG are compared with 

the proposed MIMO antenna. The MIMO performance of 

the proposed work exhibits the better performance 

compared with the reported works in the below table.  

The Simulated ECC and DG figures are 

simulated and are represented in figure 12 and figure 13 

respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Simulated ECC of the proposed 2x2 MIMO antenna across all the ports. 
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Figure14. Simulated DG of the proposed 2x2 MIMO antenna across all the ports 

 

Table 4. Performance comparison of the proposed antenna with literature 

Ref. Frequency (GHz) Size of the Antenna (mm3) Number of MIMO Ports Gain (dBi) ECC, DG (dB) 

[8] 3.6 150  75   1.6 8 2.5 <0.01 

[11] 28 41.3   46   0.508 4 13.1 Not provided 

[13] 24 15   19 0.254 2 7.41 0.24, 9.7 

[15] 5.2 & 24 40   25  0.254 2 5 & 7.37 Not provided 

[16] 30 48   21   0.13 2 >7 
<0.4, Not 

provided 

[21] 28 20   20   0.254 2 8 0.13, 9.9 

[25] 28 30   35   0.76 4 8.3 <0.01, >9.96 

This 

work 
28 45   45 0.254 4 9.7 <0.00033, >9.9 

 

The ECC value and DG values from the 

simulation are 0.00033 and >9.9, the CCL and TARC 

value are calculated as 0.23 and -16.3 respectively 

which represents the proposed antenna is best suitable 

for the MIMO applications. 

 

6. Conclusion 

In this work, a novel planar 2x2 MIMO antenna 

operating at 28 GHz for 5G and millimeter-wave 

applications has been designed, optimized and 

experimentally validated. The proposed design 

incorporates a four-element patch array integrated with 

rotationally symmetric truncated circular resonators, 

which significantly enhance the effective current 

distribution and contribute to bandwidth improvement 

and stable radiation characteristics. A DGP is 

incorporated to suppress surface waves and reduce 

mutual coupling between closely spaced elements, 

thereby improving isolation and overall antenna 

efficiency. The compact antenna occupies a size of 45   

45 0.254 mm3 making it suitable for integration into 

space constrained wireless devices. A peak gain of 9.7 

dBi is achieved at the target frequency of 28 GHz, 

demonstrating strong directional performance. The 

antenna demonstrates excellent impedance matching, 

low mutual coupling (>25 dB), and superior MIMO 

characteristics like ECC <0.00033 and a DG>9.9 dB. 

Simulated results using CST Microwave Studio has 

been supported by fine mesh accuracy and closely align 

with measured data obtained through VNA 

measurements. Both the simulation and measured 

results are good agreement and meets the isolation >25 

dB in all the ports. The compact structure, high gain, and 

low correlation make the proposed antenna a strong 

candidate for integration into future 5G-enabled devices 

and high-performance mm-wave communication 

systems. 
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