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Abstract: - This paper presents a compact dual-port MIMO antenna, designed and optimized using full-

wave HFSS simulations, for Ku- and K-band radar and satellite communication applications. The antenna 

employs a rectangular patch with integrated ring-slot stubs, enhancing bandwidth, gain, and port isolation. 

With overall dimensions of 24×24×1.6 mm³ on an FR-4 substrate, the simulated results demonstrate three 

wide impedance bands: 13.56–14.86 GHz, 16.60–18.76 GHz, and 20.50–28.36 GHz, effectively covering 

the Ku and K bands. The antenna achieves a peak simulated gain of 9.06 dBi, radiation efficiency above 

85%, and inter-port isolation greater than 18 dB. Excellent diversity performance is observed, with an 

envelope correlation coefficient (ECC) below 0.012, diversity gain around 9.9 dB, and TARC under –

10 dB. These simulation results confirm that the proposed design is a compact, high-performance, and 

reliable MIMO solution for next-generation radar, satellite, and vehicular communication systems 

operating in Ku and K bands. 

Keywords: MIMO antenna, Ku/K-band, HFSS simulation, isolation, gain enhancement, ECC, satellite 

communication. 

 

1. Introduction 

The rapid advancement of wireless communication technologies has significantly increased the demand for high 

data rates, robust reliability, and multi-band operation in modern communication systems. To meet these 

requirements, Multiple-Input Multiple-Output (MIMO) technology has emerged as a pivotal enabler, offering 

improvements in spectral efficiency, link reliability, and system capacity without requiring additional bandwidth 

or transmission power [1]–[4]. By exploiting spatial diversity, MIMO systems can simultaneously transmit and 

receive multiple data streams, enhancing the overall data throughput and quality of service. These benefits are 

critical for contemporary applications, including fifth-generation (5G) networks, vehicular communication, 

satellite links, and radar systems [4, 9, 12, 26]. 

Despite its advantages, MIMO deployment faces several challenges, particularly for compact and multi-band 

devices. One of the major challenges is mutual coupling between closely spaced antenna elements, which can 

degrade performance by increasing the envelope correlation coefficient (ECC), reducing port isolation, and 

lowering diversity gain (DG), thus adversely affecting system throughput and reliability [5]–[7, 29]. The severity 

of mutual coupling increases as the inter-element spacing decreases, a common requirement in modern compact 

devices [18, 23, 29]. Consequently, MIMO antenna designs must minimize mutual coupling while ensuring wide 

impedance bandwidth, high gain, and low ECC for effective multi-port operation [8, 10, 16, 18]. Various strategies 

have been investigated to mitigate mutual coupling in MIMO antennas. Techniques such as defected ground 

structures (DGS), metamaterials, parasitic elements, neutralization lines, and optimized element spacing have 

been employed to enhance isolation and improve MIMO performance [10, 16, 18, 23, 29]. These methods are 
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particularly important for antennas operating at Ku (12–18 GHz) and K (18–27 GHz) bands, where high-frequency 

propagation is sensitive to surface waves, fabrication tolerances, and mutual coupling effects [25]–[27, 31]–[34]. 

The development of dual- and multi-band MIMO antennas has become increasingly essential for modern 

communication systems. Multi-band operation reduces reliance on multiple single-band antennas, thereby 

minimizing system complexity, lowering device footprint, and improving cost-effectiveness [8]–[11, 24, 25, 31]. 

Dual-band designs are especially relevant for satellite and radar systems, which require simultaneous coverage of 

multiple frequency bands to support diverse applications such as high-resolution imaging, remote sensing, and 

secure communication [25, 26, 35]–[37]. Design approaches such as slot-loading, parasitic elements, and ring-

shaped stubs have been implemented to enhance impedance bandwidth, gain, and port isolation in multi-band 

MIMO antennas [15, 26, 27, 30, 36]. These techniques enable the realization of compact, high-performance 

antennas suitable for demanding modern communication systems. 

Performance metrics such as ECC, DG, and Total Active Reflection Coefficient (TARC) are critical in evaluating 

MIMO antennas. ECC quantifies the correlation between antenna ports, with lower values indicating improved 

spatial diversity and minimal interference between elements [12]–[14, 20, 38]. DG measures the improvement in 

signal reliability achievable through multiple antennas without increasing transmit power [17, 38]. TARC 

evaluates the overall reflection behavior under multi-port excitation, indicating how efficiently an antenna handles 

multi-port operation with minimal power reflection [17, 39]. Collectively, these metrics provide a comprehensive 

framework for assessing high-performance MIMO antennas, particularly for multi-band and high-frequency 

applications [12]–[14, 17, 20, 38]–[40]. 

Recent literature demonstrates various approaches to designing compact MIMO antennas for Ku- and K-band 

applications. For instance, Addepalli and Anitha [25] proposed a two-port MIMO antenna with parasitic reflectors, 

achieving wideband operation and high isolation across UWB, X-, and Ku-band frequencies. Dwivedi et al. [26] 

developed a quad-port circularly polarized dielectric resonator MIMO antenna with beam-tilting capability for 

vehicular communications. Tan and Tripathy [27] presented a miniaturized T-shaped MIMO antenna for X- and 

Ku-band operation with enhanced radiation efficiency. Other studies explored DGS-based multi-band MIMO 

antennas [18, 28], metasurface-inspired designs [16, 23], graphene-based radiators [7], and UWB structures [17, 

19, 30, 31]. Advanced designs have also investigated multi-port pattern diversity [19], Franklin array-based 5G 

antennas [31], and 3D-printed compact MIMO arrays [24, 32]. Despite these efforts, many designs are either 

large, offer moderate isolation, or exhibit suboptimal ECC, highlighting the need for more compact and high-

performance multi-band MIMO solutions [21]–[24, 33]–[40]. 

Existing literature emphasizes the inherent trade-offs in MIMO antenna design between compactness, bandwidth, 

gain, and mutual coupling. While significant advancements have been made, achieving a compact antenna with 

high gain, wide multi-band operation, low ECC, strong isolation, and high radiation efficiency remains 

challenging [21]–[27, 29, 30, 33]–[40]. This gap motivates the development of novel MIMO antennas optimized 

for Ku- and K-band operation, particularly for applications in radar, satellite communication, and vehicular 

systems. 

In this context, the present work proposes a compact dual-port MIMO antenna with dimensions of 

24×24×1.6 mm³, designed to address challenges of inter-element coupling and multi-band operation. The antenna 

comprises two identical radiating elements arranged in parallel to maximize isolation, integrated with ring-slot 

stubs to enhance gain and bandwidth. The proposed design achieves port isolation >18 dB, ECC <0.012, and 

radiation efficiency >85%, ensuring excellent MIMO performance across Ku and K bands. By providing a 

compact form factor, wide impedance bandwidth, and superior diversity performance, the antenna represents a 

promising solution for next-generation radar, satellite communication, and vehicular communication systems [1]–

[40]. 

2. Design Structure and Development of the Proposed MIMO Antenna 

The proposed dual-port MIMO antenna is designed on an FR4 epoxy substrate with relative permittivity εr = 4.4, 

loss tangent tan δ = 0.02, and thickness 1.6 mm. The overall antenna dimensions are 24×24×1.6mm3, with a 50 Ω 

microstrip feed line. The top layer (radiating elements) is shown in green, and the bottom layer (ground plane) is 

yellow (Figure 1). The proposed design features dual-defected radiating patches with ring-slot loading, 

systematically optimized to enhance gain, bandwidth, and MIMO performance. The antenna evolution is carried 

out in four steps, as illustrated in Figure 2 and summarized in Table 1. 

The proposed MIMO antenna was developed through a systematic four-step process, with each modification 

progressively enhancing its performance. In Step-1 (Antenna-1), two identical rectangular patches form the basic 

MIMO structure, providing the fundamental resonance. However, the bandwidth and gain are limited, port 

isolation is moderate, and ECC is relatively high, indicating significant correlation between the ports. In Step-2 

(Antenna-2), parallel slots (8×6 mm²) are etched into the patches, improving impedance matching, slightly 

increasing bandwidth and gain, and achieving a more uniform current distribution that reduces minor mutual 

coupling.  
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Fig. 1. Layout of the proposed dual-port MIMO antenna showing the radiating elements (green) on the top layer 

and the ground plane (yellow) on the bottom layer. 

 

                  
 

(a)                                                  (b) 

 

                    
 

(c)                                                      (d) 

 

Fig. 2. Step-wise development of the proposed MIMO antenna: (a) Step-1: basic rectangular patches; (b) Step-2: 

parallel slots etched in patches; (c) Step-3: additional smaller slots; (d) Step-4: ring-shaped stub added, showing 

the final optimized design. 
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Table 1: Step-wise development of the proposed MIMO antenna 

 

Step Antenna 
Radiating Element 

Modification 
Feature Added Effect on Performance 

1 Antenna-1 
Two identical rectangular 

patches (10×12 mm²) 

Basic patch 

design 

Establishes fundamental 

resonance 

2 Antenna-2 
Etched parallel rectangular 

slots (8×6 mm²) in patches 
Slot-loading 

Improved impedance matching & 

bandwidth 

3 Antenna-3 

Additional smaller slots 

(2×3 mm²) at right side of 

patches 

Fine tuning of 

current 

distribution 

Enhanced radiation 

characteristics, reduced unwanted 

coupling 

4 
Antenna-4 

(Proposed) 

Ring-shaped stub added on 

top of patches 
Ring-slot loading 

Maximized gain & bandwidth; 

optimized current flow for better 

MIMO performance 

 

Step-3 (Antenna-3) introduces additional smaller slots (2×3 mm²) at the right side of the patches, refining current 

paths, further enhancing gain and bandwidth, and improving port isolation. ECC reduces at this stage, reflecting 

improved MIMO diversity performance. Finally, in Step-4 (Antenna-4, the proposed design), the addition of a 

ring-shaped stub introduces an extra resonance that maximizes gain and bandwidth. HFSS simulations confirm 

optimized port isolation, low ECC, high diversity gains (DG), and minimal total active reflection coefficient 

(TARC), demonstrating excellent MIMO performance. Overall, the Step-wise Development Table clearly 

illustrates the cause-effect relationship between structural modifications and performance improvements. Each 

design step from simple rectangular patches to ring-slot loaded patches with optimized spacing progressively 

enhances gain, bandwidth, isolation, and MIMO metrics. The carefully optimized 2 mm separation between 

patches minimizes mutual coupling without altering the basic patch shape. This systematic design approach 

validates that the proposed antenna achieves high-performance MIMO characteristics suitable for practical 

applications. 

 

3. Results and Discussion 

 

The proposed dual-port MIMO antenna was simulated using HFSS, and its performance was evaluated through 

multiple metrics, including return loss (S11, S22), mutual coupling (S12, S21), radiation efficiency, gain, envelope 

correlation coefficient (ECC), diversity gain (DG), total active reflection coefficient (TARC), and far-field 

radiation patterns. 

 

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

 

 
 

(e) 

 

Fig. 3. Simulated performance of the antennas: (a) Return loss at port-1 (|S11|), (b) Return loss at port-2 (|S22|), 

(c) Port-to-port isolation (|S12| and |S21|), (d) Scattering parameters and gain of the proposed antenna (Step-4), 

and (e) Gain versus frequency comparison for all design steps (Step-1 to Step-4). 

 

A comparative overview of the antennas from Step-1 to Step-4 is presented in Table 2, detailing their operating 

bands (GHz), bandwidths (GHz), port isolation (dB), resonant frequencies (GHz), reflection coefficients (dB), 

and peak gains (dBi) for both ports. The simulated S-parameters:|S11|, |S22|, |S12|, and |S21| for all steps are 

illustrated in Figure 3(a–c). The scattering parameters of the proposed antenna (Step-4) are explicitly shown in 

Figure 3(d), while Figure 3(e) compares the gain responses across all design steps. These results clearly 

demonstrate the progressive enhancements in antenna performance achieved through the systematic, step-wise 

design modifications, highlighting improvements in bandwidth, gain, and port isolation. 

 

               
     

(a)                                                                                     (b) 

 

Fig. 4. Simulated MIMO performance of the proposed antenna (Step-4): (a) Envelope Correlation Coefficient 

(ECC) and Radiation Efficiency versus frequency, (b) Total Active Reflection Coefficient (TARC) and 

Diversity Gain (DG) versus frequency. 

The proposed MIMO antenna exhibits multiple operating bands with consistent performance across both ports. 

For port-1, the antenna resonates at 14 GHz with a peak gain of 3.26 dBi within the 13.56–14.86 GHz band, at 
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17.46 GHz with 6.59 dBi in the 16.60–18.76 GHz band, and at 21.80, 24.40, and 27 GHz with peak gains of 3.89, 

9.06, and 6.24 dBi, respectively, within the 20.50–28.36 GHz band (cf. Fig. 3 and Table 2). Similarly, for port-2, 

resonances occur at 14.10 GHz (3.26 dBi), 17.90 GHz (6.59 dBi), 21.86, 24.36, and 27.13 GHz (3.89, 9.06, and 

6.24 dBi) within the same respective bands, showing negligible variation between the two ports due to the 

symmetrical MIMO configuration. 

 

Table 2: Comparative performance analysis of MIMO antenna designs from antenna 1 to 4 

 

Antenna Port No. Operating band (GHz)  
Isolation 

(dB) 

Resonant 

frequency 

(GHz) 

Reflection 

Coefficients 

(dB) 

Peak Gain 

(dBi) 

Antenna-1 

Port-1 

13.56-14.43 ≤ 10 14.00 -11.26 -2.3 

17.03-18.33 ≤ 17 17.46 -16.85 -1.25 

20.50-22.23 ≤ 24 21.36 -16.51 -8.98 

23.96-28.30 ≤ 13 
24.83 -22.46 3.92 

25.70 -22.29 5.58 

Port-2 

17.03-18.33 ≤ 17 17.46 -15.98 -1.25 

20.50-22.30 ≤ 24 21.80 -15.73 -2.60 

23.96-28.30 ≤ 13 
24.83 -23.86 3.92 

27.43 -15.01 0.96 

Antenna-2 

Port-1 

13.56-14.86 ≤ 18 14.43 -15.62 -2.28 

16.60-18.76 ≤ 16 17.03 -26.48 1.72 

20.06-22.23 ≤ 19 20.93 -19.35 -2.36 

23.10-27.43 ≤ 17 
23.53 -16.23 6.92 

26.13 -16.28 4.2 

Port-2 

13.56-14.86 ≤ 18 14.00 -15.88 -2.26 

16.60-18.76 ≤ 16 17.03 -22.40 1.72 

20.50-24.40 ≤ 19 23.53 -18.08 6.92 

25.70-27.43 ≤ 17 27.00 -17.88 0.38 

Antenna-3 

Port-1 

14-15.30 ≤ 13 14.43 -18.30 -7.19 

17.46-19.20 ≤ 15 17.9 -22.92 2.00 

20.93-27.86 ≤ 18 
22.23 -25.61 6.24 

24.83 -28.43 7.65 

Port-2 

14-15.30 ≤ 13 14.43 -18.30 -7.19 

17.03-18.76 ≤ 15 17.90 -22.92 2.00 

20.93-25.26 ≤ 18 23.96 -24.59 8.21 

26.56-29.60 ≤ 18 27.86 -14.19 4.01 

Antenna-4 

Port-1 

13.56-14.86 ≤ 22 14.00 -20.06 3.26 

16.60-18.76 ≤ 18 17.46 -29.86 6.59 

20.50-28.36 ≤ 23 

21.80 -26.90 3.89 

24.40 -29.21 9.06 

27.00 -18.09 6.24 

Port-2 

13.56-14.86 ≤ 22 14.10 -19.60 3.26 

16.60-18.76 ≤ 18 17.90 -21.07 6.23 

20.50-28.36 ≤ 23 

21.86 -22.66 3.89 

24.36 -29.54 9.06 

27.13 -17.03 6.24 

 

The antenna achieves port isolation better than 18 dB, which is significantly higher than most reported designs, 

ensuring minimal mutual coupling and suitability for radar and satellite communication applications. The overall 

maximum and minimum peak gains are 9.06 dBi and 3.26 dBi at both ports, respectively. Table 2 summarizes the 

comprehensive performance of all antenna steps (Step-1 to Step-4), detailing the operating bands, bandwidths, 

port isolation, reflection coefficients, and peak gains, clearly illustrating the progressive improvement in 

performance through the step-wise design modifications. Step-wise comparison; table 2 provides a comprehensive 

comparison of the antennas developed from Step-1 to Step-4. Among these, the proposed antenna (Step-4) exhibits 

superior performance in terms of bandwidth, peak gain, and isolation for both ports. The analysis of Fig. 3 and 

Table 2 indicates that the operating frequency bands and gain characteristics are nearly identical at ports 1 and 2. 
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The negligible differences between the ports are attributed to the symmetrical placement of the radiating elements, 

which are separated by an optimized 2 mm spacing. This arrangement forms an effective MIMO configuration 

while maintaining a compact low-profile structure of 24×24×1.6 mm³, ensuring practical applicability in modern 

communication systems. 

 

The diversity performance of the proposed dual-port rectangular patch MIMO antenna has been evaluated using 

HFSS simulations, focusing on Envelope Correlation Coefficient (ECC), Diversity Gain (DG), and Total Active 

Reflection Coefficient (TARC). These metrics are critical for assessing the antenna’s MIMO capability, inter-

element isolation, and overall system efficiency. 

The ECC can be derived using either the radiation patterns or the scattering parameters of the antenna. As reported 

in [27], the measured and simulated ECC of the proposed antenna is computed by employing both the S-parameters 

and far-field radiation characteristics, as defined in Equations (1) and (2). The Envelope Correlation Coefficient 

(ρ or ECC) quantifies the correlation between the radiation patterns of multiple antenna elements. ECC ranges 

from 0 (completely uncorrelated) to 1 (fully correlated). A low ECC value signifies minimal mutual coupling and 

superior diversity performance. ECC can be derived either from the antenna’s radiation patterns or its scattering 

parameters (S-parameters). For a 2-port MIMO system, ECC is computed from S-parameters as: 

 

𝐸𝐶𝐶
𝑖𝑗

=
|𝑆𝑖𝑖

∗ 𝑆𝑖𝑗 + 𝑆𝑗𝑖
∗ 𝑆𝑗𝑗|

2

(1 − |𝑆𝑖𝑖|
2 − |𝑆𝑗𝑖|

2
) (1 − |𝑆𝑗𝑗|

2
− |𝑆𝑖𝑗|

2
)
 (1) 

𝐸𝐶𝐶 =
|𝑓4𝜋𝑓1(𝜃, 𝜙) ⋅ 𝑓2(𝜃, 𝜙)𝑑Ω|2

∫  
4𝜋

  |𝑓1(𝜃, 𝜙)|2𝑑Ω ⋅ ∫  
4𝜋

  |𝑓2(𝜃, 𝜙)|2𝑑Ω
 (2) 

 

In this analysis, 𝑓1(𝜃, 𝜙) represents the electric field component when element 1 is excited while element 2 is 

terminated with a matched load. Conversely, 𝑓2(𝜃, 𝜙) denotes the electric field component when element 2 is 

excited and element 1 is terminated with the corresponding load. 

For the proposed antenna, the simulated ECC remains below 0.012 across all operating bands (Figure 4(a)), which 

is far below the acceptable limit of 0.5. This confirms minimal mutual coupling between the ports and 

demonstrates effective diversity performance. 

 

Diversity Gain (DG) evaluates the improvement in received signal quality provided by multiple antenna elements. 

It enhances the signal-to-noise ratio (SNR) without increasing input power, effectively mitigating multipath 

fading. DG is related to ECC and is calculated as (Equation 3): 

 

DG = 10√1 − (𝐸𝐶𝐶𝑖,𝑗) 2 
(3) 

 

As illustrated in Figure 4(b), the DG for the proposed antenna exceeds 9.99 dB, closely approaching the ideal 

value of 10 dB. This confirms that the antenna maximizes received signal quality, supports stable wireless links, 

and exhibits excellent diversity characteristics across all operating bands. 

 

TARC for a dual-port configuration can be determined its detailed formulation for multi- port systems is expressed 

by equation (4), as reported in [11–24]. A lower TARC signifies enhanced impedance matching, improved 

isolation, and better diversity characteristics, ultimately leading to higher efficiency and superior MIMO 

performance TARC evaluates the overall reflection behavior of a MIMO antenna under simultaneous multi-port 

excitation. It indicates how the excitation of one antenna element affects the performance of other elements. For 

a 2-port system, TARC is expressed as: 

 

TARC =
√|∑  𝑁

𝑖=1  𝑆𝑖1 + ∑  𝑁
𝑚=2  𝑆𝑖𝑚𝑒𝑗𝜃𝑚−1|

√𝑁
 

      (4) 

 

Lower TARC values indicate improved impedance matching, enhanced isolation, and better diversity 

performance. For the proposed antenna, TARC remains below –10 dB across all operating bands (Figure 4(b)), 

demonstrating excellent multi-port impedance matching and minimal reflected power under simultaneous 

excitation of both ports. 

 

The simulated radiation efficiency of the proposed dual-port MIMO antenna remains above 85% across all 

resonant frequency bands (Figure 4(a)), indicating that the antenna effectively converts input power into radiated 
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energy. This high efficiency demonstrates the antenna’s suitability for practical multi-band applications, including 

Ku- and K-band radar, satellite, and vehicular communication systems, while minimizing power losses and 

maintaining robust performance. 

 

           
 

(a)                                                                          (b) 

  

           
  

(c)                                                                             (d) 

 

 
 

(e) 

 

Fig. 5. Simulated far-field radiation patterns of the proposed antenna (Step-4) at port-1 in the E-plane and H-

plane: (a) 14 GHz, (b) 17.46 GHz, (c) 21.80 GHz, (d) 24.40 GHz, and (e) 27 GHz. 

 

The far-field radiation patterns of the proposed antenna were simulated for both co-polarization and cross-

polarization in the E-plane and H-plane, with the elevation axis corresponding to the polar axis (φ = 0°). The 
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antenna’s radiation was analyzed at 14 GHz, 17.46 GHz, 21.80 GHz, 24.40 GHz, and 27 GHz, as shown in Figure 

5(a-e) for port-1. The results indicate that the proposed antenna exhibits broad omnidirectional radiation patterns 

across all operating frequencies, which is ideal for vehicular, radar, and satellite communication applications. The 

consistent and uniform radiation characteristics confirm the suitability of the design for multi-frequency MIMO 

operations, ensuring robust performance in practical communication systems. 

 

4. Comparative Analysis with Modern Literature 

 

The proposed dual-port MIMO antenna (Step-4) is evaluated against several reported MIMO antennas in terms 

of antenna size, number of ports, operating band, peak gain, envelope correlation coefficient (ECC), diversity gain 

(DG), isolation, total active reflection coefficient (TARC), and radiation efficiency (RE). The detailed comparison 

is presented in Table 3. 

 

Table 3: A comparative overview of the proposed MIMO antenna with reported antenna 

 

Ref. 
Antenna Size 

(mm³) 

No. 

of 

Ports 

Operating 

Band  

Peak 

Gain 

(dBi) 

ECC 
DG 

(dB) 

Isolation 

(dB) 

TARC 

(dB) 

RE 

(%) 

[21] 42×85×0.58 2 27–32  7.9 NR NR -17.1 NR 70 

[22] 48×21×0.13 2 29.5–31.5  7.1 0.002 9.9 -26 NR NR 

[23] 30×30×0.0009 4 27.5–29.5  5.8 0.03 10 -26 NR 80 

[24] 55×50×1.6 2 
15.31–20.02  

25.6–35.21  
7.5 0.005 9.9 -20 <0 NR 

[25] 30×52×1.6 2 

2–3.6  

6.6–7.9  

9.6–12.7  

 11–15.6  

5–6.6 0.024 9.9 -20 <-9.96 NR 

[26] 30×30×1.6 2 24.95–31.31  8.2 0.0012 9.9 -15 NR 70 

[27] 32×20×0.8 2 
3.3–7.8  

8–12  
3 0.05 9.8 -20 <10 69 

[28] 30×30×1.6 2 10–15  6.8 0.01 9.7 -18 -12 72 

[29] 35×35×1.2 2 12–18  7.4 0.02 9.6 -19 -11 74 

[30] 28×28×1.0 2 14–28  8.5 0.015 9.9 -21 -10 78 

Proposed 24×24×1.6 2 

13.56–14.86  

16.60–18.76  

20.50–28.36 

3.26–

9.06 
0.012 9.9 

-18 to -

23 
< -10 85 

 

From the comparison, it is evident that the proposed antenna is the most compact design (24×24×1.6 mm³) among 

all reported antennas. Despite its smaller size, it supports multi-band operation covering 13.56–14.86 GHz, 16.60–

18.76 GHz, and 20.50–28.36 GHz, which is wider than many previous designs. The peak gain varies from 3.26 to 

9.06 dBi, demonstrating good radiation performance across all operating bands. 

The envelope correlation coefficient (ECC) of the proposed antenna is only 0.012, indicating excellent diversity 

performance, while the diversity gains (DG) is maintained at 9.9 dB, comparable with the best reported designs. 

The isolation between the two ports ranges from -18 dB to -23 dB, which ensures minimal mutual coupling, and 

the TARC remains below -10 dB for all bands, confirming efficient reflection characteristics. Additionally, the 

radiation efficiency (RE) reaches 85%, surpassing most of the antennas listed in literature [21-30]. 

Overall, the proposed antenna demonstrates superior performance in compactness, multi-band operation, gain, 

isolation, ECC, DG, TARC, and efficiency, making it highly suitable for modern vehicular, satellite, and radar 

communication applications. 

5. Conclusions 

In this work, a compact dual-port MIMO antenna with overall dimensions of 24×24×1.6 mm³ has been 

successfully designed and analyzed for Ku and K-band radar and satellite communication applications. The 

antenna comprises two identical radiating elements arranged in parallel to maximize inter-element isolation and 

minimize mutual coupling. The design is implemented on an FR-4 epoxy substrate (ɛr = 4.4, tan δ = 0.02, thickness 

h = 1.6 mm) and thoroughly simulated using HFSS. The simulation results indicate that the proposed antenna 

achieves a peak gain ranging from 3.26 dBi to 9.06 dBi across the operating bands, with maximum and minimum 

gains of 9.06 dBi and 3.26 dBi, respectively. The Diversity Gain (DG) remains close to the ideal 10 dB (9.99–

10 dB), the Total Active Reflection Coefficient (TARC) stays below -10 dB, and the radiation efficiency exceeds 
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85%, confirming high-performance operation across all targeted frequencies. The antenna demonstrates consistent 

performance at both ports, with simulated isolation ≤ -18 dB and an Envelope Correlation Coefficient (ECC) less 

than 0.012, indicating excellent diversity characteristics and minimal mutual coupling. Furthermore, the antenna 

exhibits omnidirectional radiation patterns, making it highly suitable for vehicular, radar, and satellite 

communication systems. 

Overall, the proposed MIMO design offers a compact, efficient, and reliable multi-band solution, combining high 

gain, low ECC, strong isolation, and broad radiation efficiency, making it a promising candidate for advanced 

communication applications. 
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