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Abstract—This paper describes a 2×2 MIMO microstrip 

patch antenna for 4.2 GHz C-band applications, 

fabricated on Rogers RT5880 (εr = 2.2, h = 1.6 mm) 

within a 60 × 60 mm² footprint. Mutual coupling is 

managed through corner-truncated patches and a 

vertical stub; the stub introduces reverse-phase currents 

to reduce electromagnetic interaction between ports. 

CST simulations show a return loss (S11) of −35.2 dB and 

isolation (S21) exceeding −18 dB. The Envelope 

Correlation Coefficient of 0.002 confirms that the two 

ports are effectively decorrelated, making the design 

viable for spatial diversity in wireless communication 

and radar applications. 

 

Index Terms—Envelope Correlation Coefficient (ECC), 

Isolation, Microstrip patch, MIMO antenna, Mutual 

coupling, Stub technique. 

 

I. INTRODUCTION 

 

Wireless systems demand higher data rates and 

improved reliability across difficult channels [3], [24]. 

MIMO has become the standard response, particularly 

in C-band [24]. Multiple antenna elements improve 

spectral efficiency and handle multipath fading 

without additional power or bandwidth [1], 

[11],[19],[30]. 

 

Compact MIMO designs, however, run into a 

consistent problem: mutual coupling. When elements 

are placed close together, electromagnetic interaction 

between them degrades return loss, radiation 

efficiency, and ECC [2], [4]. Controlling this coupling 

is what separates a functional MIMO system from one 

that only approaches its theoretical limits on paper [7], 

[25]. 

 

Existing solutions parasitic elements [14], defected 

ground structures, EBG structures [26] are effective 

but typically add fabrication complexity or alter the 

radiation pattern. This paper proposes a 2×2 MIMO 

microstrip patch antenna at 4.2 GHz that uses corner 

truncation combined with stub-based decoupling. The 

stub introduces reverse-phase currents to cancel inter-

port coupling [6]. Design and simulation were carried 

out in CST Studio Suite [10]; subsequent sections 

cover the methodology and diversity performance 

analysis. 

 

II. LITERATURE REVIEW 

 

A. Review of Microstrip Patch Antennas 

Microstrip patch antennas remain a practical choice in 

wireless design, compact, planar, and straightforward 

to fabricate on printed circuit boards. Pozar [21], 

Balanis [22], Chen [15], and Stutzman and Thiele [16] 

collectively cover the theoretical and design 

foundations of microstrip antenna systems. Wong [12] 

showed that low-dielectric substrates increase 

radiation efficiency and bandwidth. Slot loading, 

parasitic elements, and alternative feeding techniques 

have also been used for better impedance matching 

and multiband operation [12], [23]. Beyond standard 

rectangular patches, microstrip geometries have been 

extended to octagonal [13], wearable [17], slot-based 

[28], and fractal configurations [29], each addressing 

specific performance trade-offs. Beamforming and 

array applications have also drawn on microstrip 

designs [18], [19], and metamaterial-based 

enhancements have been explored to push 

performance further [5]. Bandwidth and gain, 

however, remain the persistent constraints across most 

configurations at high frequencies. 
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B. Mutual Coupling and Its Effects 

In MIMO systems, multiple elements are packed close 

together to boost channel capacity [24], which 

introduces mutual coupling. The elements interact 

electromagnetically, causing power leakage and inter-

port interference. Chae et al. [4] showed that this 

degrades return loss, radiation efficiency, and 

correlation characteristics all of which directly affect 

diversity performance. 

 

C. Techniques for Mutual Coupling Reduction 

DGS structures disrupt surface currents to improve 

isolation, while EBG structures block inter-element 

interference at the source [26]. Parasitic elements 

achieve similar results with less structural overhead 

[14], and strong isolation in compact MIMO 

configurations has been demonstrated for 5G 

applications as well [20]. Stub loading works 

differently the stub generates counter-phase currents 

that partially cancel the coupling field, improving 

isolation without adding to the antenna footprint [6], 

[8]. 

 

III. ANALYSIS OF ANTENNA DESIGN 

 

The antenna is a two-port MIMO microstrip patch 

design for 4.2 GHz, fabricated on Rogers RT5880 (εr 

= 2.2, h = 1.6 mm) a substrate picked for its low loss 

tangent and predictable behavior at microwave 

frequencies. Two rectangular patches share a common 

substrate, fed by microstrip lines over a bottom ground 

plane. The design started as a single patch tuned to 4.2 

GHz, then a second identical element was added to 

form the MIMO pair. Packing them close together 

introduces mutual coupling, which is brought down 

using corner truncation and stub loading. CST Studio 

Suite was used for simulation, with the design assessed 

on S11, S21, gain, radiation pattern, efficiency, and 

ECC. 
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TABLE I Optimized Dimension of Single Element 

Paramete

r 

Dimension

s (mm) 

Paramete

r 

Dimension

s (mm) 

WP 28.5 LP 23.5 

WF 4.8 LF 12 

Cw 2.5 h 1.6 

SL 60 SW 60 

InsL 8.5 InsW 6 

 

 
Figure 1. Single Element Geometry 

 
Figure 2. S₁₁ of Single Patch 

 

Adding a second patch close to the first creates 

immediate problems. The two elements interact 

electromagnetically, and that interaction shows up 

across every key parameter isolation drops, S11 shifts, 

current distribution changes. The resonant frequency 

drifts slightly from the target, and impedance 

matching degrades. This is the baseline problem the 

decoupling stage is designed to fix. 
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Figure 3. MIMO Antenna without stub 

 

 
Figure 4. S₁₁ before placing stub 

 

 
Figure 5. S₁₁ & S₂₁ before placing stub 

 

The two patches are separated by 2 mm tight enough 

for a compact footprint, but at that distance the near-

field interaction is strong. Surface currents from one 

element bleed into the other, driving mutual coupling 

up. S11 degrades as the adjacent element disturbs the 

impedance match, and the resonant frequency shifts 

slightly off target. Radiation pattern distortion and 

reduced efficiency follow from the non-uniform 

current distribution that results. 

 

 The incorporation of the stub structure provides a 

simple and effective solution for enhancing isolation 

in compact MIMO antenna systems without increasing 

design complexity. A significant improvement in 

performance is observed even at the small spacing of 

2 mm. The stub acts as a reactive decoupling element 

that generates opposite phase currents, effectively 

canceling the coupled fields between the patches.  

 

 
Figure 6. MIMO Antenna without stub 

 

As a result, the isolation improves and demonstrating 

a substantial reduction in mutual coupling. The return 

loss also improves that to indicating enhanced 

impedance matching. Furthermore, the radiation 

pattern remains stable, and antenna efficiency is 

preserved. 

 

Table Ii 

Dimensions Of Antenna with Stub and Without Stub 

Parameter Dimensions(mm) 

With Stub Without stub 

Antenna 

Size(mm)2 

60x60 60x60 

Stub Length (St_L) 33.5 -- 

Stub width (St_w) 1 -- 

 

The stub structure has a clear impact on isolation 

performance. This is evident when comparing the S21 

parameter of the MIMO antenna before and after 

adding the stub. The stub serves as a reactive 

decoupling element that changes the current 

distribution and creates opposite phase currents. This 

effectively cancels out the coupled signals. As a result, 

adding the stub greatly improves isolation without 

increasing the antenna size or making the design more 

complicated.  

The stub's presence yields superior port decoupling, 

confirmed by the attenuated S21 response in modified 

designs. It strategically alters current flows to generate 

phase-opposed fields, neutralizing unwanted signal 

bleed.  
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Figure 7. S₁₁ after placing stub 

 

 
Figure 8. S₁₁ & S₂₁ after placing stub 

 

Overall, the incorporation of the stub leads to better 

signal integrity, improved antenna efficiency, and 

lower correlation, making the MIMO system more 

suitable for high-performance wireless applications 

 

IV. RESULTS AND DISCUSSION 

 

Return loss, mutual coupling, and radiation pattern are 

compared across two configurations without stub and 

with stub to assess the effect of the isolation technique. 

Without any isolation mechanism, the radiation 

pattern distorts noticeably. At 2 mm separation, the 

near-field interaction between elements is strong 

enough to produce uneven surface current distribution, 

which degrades radiation performance. Efficiency 

takes a hit too coupling losses cause unwanted power 

transfer between the patches, reducing how much is 

actually radiated. 

The S11 response before stub introduction shows 

resonance near 4.2 GHz, but the adjacent element pulls 

the impedance match off. The return loss is shallower 

than the single patch baseline, and the S21 stays high 

meaning significant power is leaking between ports 

rather than being radiated. This is the pre-stub 

baseline: the antenna resonates, but the two ports are 

not behaving independently. 

 

 
Figure 9. Radiation pattern without stub 

 

Adding the stub changes this. The radiation pattern 

tightens up and closely resembles the single patch 

response (Fig. 10). The main lobe points broadside, the 

pattern stays roughly omnidirectional in the azimuth 

plane, side lobes reduce, and symmetry is maintained 

behavior typical of microstrip patch antennas [21], 

[22]. The improvement traces directly to reduced 

mutual coupling, which restores uniform current 

distribution [4]. 

 

 
Figure 10. Radiation pattern with stub 

 

Efficiency at 4.2 GHz reaches approximately 80% 

(Fig. 11). Total efficiency is somewhat lower due to 

residual impedance mismatch, but it holds steady 

across the band without any sharp drops. The 

degradation at higher frequencies is gradual and stays 

within acceptable limits. 

Worth noting is that the efficiency gap between the 

stub and no-stub configurations is not marginal 

without the stub, coupling losses actively pull power 

away from radiation. The stub doesn't just improve 

isolation; it recovers efficiency that would otherwise 
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be lost to inter-element interference. At 4.2 GHz 

specifically, this difference is most pronounced, which 

makes sense given that the stub is tuned to operate at 

that frequency. 

 
Figure 11. Efficiency pattern 

 

The ECC stays below 0.1 across the entire operating 

band and approaches zero at 4.2 GHz (Fig. 12). This 

means the two ports are effectively decorrelated they 

operate independently with minimal electromagnetic 

interaction. The stub is primarily responsible for this; 

by reducing inter-element coupling, it brings the ECC 

down to near-zero at resonance, confirming solid 

diversity performance. 

 
Figure 12. ECC Result of MIMO Antenna 

 

V. CONCLUSION 

 

A 2×2 MIMO microstrip patch antenna for 4.2 GHz 

was designed, simulated, and evaluated on Rogers 

RT5880 (εr = 2.2, h = 1.6 mm) within a 60 × 60 mm² 

footprint. The central challenge mutual coupling at 2 

mm inter-element spacing was addressed using a 

combination of corner truncation and stub-based 

decoupling. 

 

The stub proved effective. S11 reached −35.2 dB at the 

target frequency, S21 dropped below −18 dB across the 

operating band, and the ECC settled near zero at 4.2 

GHz well below the 0.1 threshold required for MIMO 

diversity operation. Radiation efficiency held at 

approximately 80%, and the pattern remained stable 

and symmetric after stub introduction, closely 

matching the single-element baseline. 

 

The results show that stub loading achieves 

meaningful isolation improvement without increasing 

antenna size or adding fabrication complexity a 

practical advantage for compact MIMO integration. 

The design is suitable for C-band wireless 

communication and radar applications where spatial 

diversity and low inter-port correlation are required. 
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