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Abstract  This paper explores the impact of mutual coupling on the performance of MIMO systems, particularly 
in 5G microstrip antennas. Through simulations, we investigate the coupling effect in a proposed Microstrip Patch 
Antenna (MPA) design. A single-element MPA and a 4-element antenna array are designed to analyze mutual 
coupling and improve isolation by introducing slots, thereby increasing the data rate. The slotted single microstrip 
antenna achieves a 175% bandwidth improvement, covering 27.6 GHz to 29.7 GHz at a center frequency of 28 GHz. 
The results show that the 4-element slotted microstrip MIMO antenna system reduces mutual coupling to -16.675 
dB, outperforming the not slotted design (-14.4 dB). This work aims to design a single-band 4-element MIMO 
microstrip antenna for 5G systems, enhancing bandwidth, reducing mutual coupling, and achieving high data rates, 
polarization, bandwidth (>1 GHz), and realized gain at 28 GHz. 
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1. Introduction 

Antennas are crucial elements in RF systems, enabling 
signal transmission and reception through the air. 
Without proper design, signals cannot be transmitted or 
detected. Microstrip patch antennas (MPAs) have gained 
significant attention since their introduction in the 1950s, 
although they didn't receive serious consideration until 
the 1970s [1]. MPAs utilize printed circuit technology 
for radiating elements and consist of conductive strips 
and patches on a dielectric substrate with a ground layer 
[2]. The advent of 5G communication has further 
emphasized the importance of MPAs in multiple input 
multiple output (MIMO) systems, a core component of 
5G that improves capacity and data transmission rates 
[3]. MIMO technology, first proposed by Marconi in 
1980, has broad applications in mobile communication 
and can significantly increase system channel capacity 
and wireless link transmission quality [4]. Recent 
advancements in MIMO antenna design, such as using 
slots in microstrip antenna rectangular patches and 
wideband neutralization lines for mutual coupling 
reduction, have shown promising results [5]. As the 
demand for high-speed wireless communication 
continues to grow, compact and efficient MIMO antenna 
designs are essential for next-generation devices. This 
imperative drives the exploration of novel antenna 

configurations capable of supporting the stringent 
bandwidth and isolation requirements of 5G systems [6]. 
This paper investigates a novel approach to enhance the 
performance of microstrip patch antennas for 5G 
multiple-input multiple-output systems, specifically 
focusing on increasing bandwidth and mitigating mutual 
coupling through the strategic integration of slots within 
the antenna structure [7]. 

2. Slotted Microstrip Patch MIMO 
Antenna System 

Designing a MIMO antenna system with minimal 
mutual coupling poses a significant challenge in wireless 
devices, particularly when trying to accommodate 
multiple antennas within a limited area to meet 5G 
requirements of configuration and characteristics 
[8,9,10,11,12]. This section outlines the methodologies 
employed to design and simulate four distinct antenna 
models: a single microstrip antenna, a slotted single 
microstrip antenna, a 4-element microstrip MIMO antenna 
system without slots, and a 4-element microstrip MIMO 
antenna system with slots. The primary objective is to 
evaluate the mutual coupling values by comparing the 
performance of slotted and not slotted patch designs. This 
comparative analysis will elucidate the efficacy of slot 
integration in mitigating detrimental inter-element  
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interactions within multi-antenna configurations, thereby 
validating their role in enhancing overall system 
performance and spectral efficiency. To achieve this, the 
CST Microwave Studio software is utilized for designing 
and simulating the proposed antenna models, following a 
structured approach that includes: 

2.1. Design of Single Microstrip Antenna 
The design process for a microstrip antenna begins with 

selecting the operating frequency and determining the 
suitable substrate. The operating frequency, in this case, 
28 GHz, which falls within the wireless band region, must 
be carefully chosen to ensure the antenna functions within 
the desired frequency band. The next step involves 
selecting an appropriate substrate, whose height and 
dielectric properties significantly impact the antenna's 
electromagnetic characteristics. For this design, FR-4 is 
chosen as the dielectric material. Notably, high dielectric 
substrates enable antenna size reduction due to the inverse 
relationship between antenna dimensions and dielectric 
constant [13,14,15,16]. Figure 1 illustrates the design of 
the not slotted single-element microstrip antenna, while 
Table 1 provides a comprehensive list of its characteristics.  

 
Figure 1. 28 GHz microstrip antenna 

Table 1. All The Dimensions of the Not Slotted Antenna 

Radiator Material Copper 
Electric cond. 5.8e+07 [S/m] 

Dielectric Constant (εr) 4.4 
The patch area 80 × 80 mm2 

Ground plane substrate area 150 × 130 mm2 
Strip and patch interference length 16.5 mm 

The strip length 56.5 mm 
Patch height 0.035 mm 

Slot area 9.9 × 9.7 mm2 

2.2. Design of Slotted Single Microstrip 
Antenna 

The integration of slots into the microstrip patch 
antenna design serves as a primary method for enhancing 
bandwidth and achieving multiband operation, which is 
critical for meeting the diverse requirements of 5G [15]. 
This technique effectively alters the current distribution on 
the patch, leading to resonant frequency shifts and the 
creation of additional resonant modes, thereby broadening 
the operational bandwidth [17,18]. Specifically, the 
incorporation of U-shaped or asymmetrical slots can 
significantly improve the impedance bandwidth and 
polarization purity, overcoming the narrow bandwidth 

limitation inherent in conventional microstrip antennas 
[19,20]. These slots effectively increase the electrical 
length of the current path, leading to lower resonant 
frequencies and enabling wider impedance matching [21]. 

To optimize the microstrip patch antenna for 5G 
communication systems, a rectangular slot of 9.9 × 9.7 
mm is incorporated into the patch. The outer dimensions 
of the slot are approximately equal to those of the 28 GHz 
patch antenna designed on the same substrate. Figure 2 
illustrates the design of the slotted single-element antenna. 

 
Figure 2. Slotted single microstrip antenna 

2.3. Design of 4-element Microstrip MIMO 
Antenna System Without Slots 

The design of a 4-element microstrip MIMO antenna 
system without slots is crucial for establishing a baseline 
for mutual coupling and overall performance comparison 
against the slotted designs, thereby highlighting the 
benefits of slot integration. This non-slotted configuration 
allows for a direct assessment of inherent mutual coupling 
levels and isolation characteristics that are solely 
dependent on antenna spacing and substrate properties, 
providing a clear reference point for the enhancements 
achieved through slotting techniques [22,23]. Such 
antenna arrays often face challenges in achieving high 
gain and wide bandwidth, which are essential for 
millimeter-wave 5G applications, without resorting to 
more complex feeding networks or additional parasitic 
elements [24]. The inherent limitations of conventional 
non-slotted microstrip arrays, such as narrow bandwidth 
and elevated mutual coupling, underscore the necessity for 
innovative design modifications to meet the stringent 
demands of 5G communication [25]. To enhance the data 
rate and system capacity of 5G communication systems, a 
4-element MIMO microstrip antenna system is designed. 
Specifically, a 4-element MIMO microstrip antenna 
without slots is developed, as shown in Figure 3, which 
demonstrates a mutual coupling of -14.4 dB. 

 
Figure 3. 4-element microstrip MIMO antenna system (not slotted) 
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2.4. Design of 4-element Microstrip MIMO 
Antenna System with Slots 

The fourth and final design is a 4-element microstrip 
MIMO antenna system with slots as illustrated in Figure 4, 
replicating the single-element antenna design four times to 
enhance data throughput. The introduction of slots 
optimizes the antenna's electromagnetic properties, 
yielding improved bandwidth and minimized mutual 
coupling between elements. 

 
Figure 4. 4-element microstrip MIMO antenna system with slots 

3. Return Loss Results and Discussion 

In general, the most commonly referenced parameter 
for antennas is S11, which represents the reflection 
coefficient or return loss. It signifies the amount of power 
reflected from the antenna. For instance, if S11 = 0 dB, all 
power is reflected, and none is radiated. If S11 = -10 dB, it 
means 10% of the power is reflected, while the rest is 
delivered to the antenna, either being absorbed or radiated 
[26,27,28,29,30]. The simulated return loss results are 
presented in Figure 5, highlighting the performance of four 
different antenna designs: a single microstrip antenna with a 
bandwidth of 27.868-29.016 GHz (Figure a), a slotted 
single microstrip antenna with a bandwidth of 27.657-
29.773 GHz (Figure b) represents more than 175% ((29.7 – 
27.6)/(29 - 27.8)) × 100) improvement in bandwidth has 
been achieved., a 4-element microstrip MIMO antenna 
system without slots exhibiting a mutual coupling of -
14.464 dB (Figure c), and a 4-element microstrip MIMO 
antenna system with slots showing a mutual coupling of -
16.675 dB (Figure d) which is more better.  

 

(a) 

 

(b) 

 

(c) 
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(d) 
Figure 5. this figure presents the simulated reflection coefficients and bandwidths for four proposed microstrip patch antenna (MPA) designs: (a) single 
microstrip antenna, (b) slotted single microstrip antenna, (c) 4-element microstrip MIMO antenna system (not slotted), (d) 4-element microstrip MIMO 
antenna system (slotted) 

4. Conclusion 

In conclusion, this paper demonstrates the effectiveness 
of slot-based patch antenna design in enhancing 
bandwidth and reducing mutual coupling in MIMO 
systems for 5G applications. By introducing slots in the 
microstrip patch antenna, we achieved a significant 175% 
improvement in bandwidth, covering a frequency range of 
27.6 GHz to 29.7 GHz at a center frequency of 28 GHz. 
Furthermore, the 4-element slotted microstrip MIMO 
antenna system exhibited reduced mutual coupling of -
16.675 dB, outperforming the not slotted design. These 
results highlight the potential of slot-based patch antenna 
design in achieving high-performance 5G communication 
systems with enhanced bandwidth, reduced mutual 
coupling, and improved data rates. The proposed antenna 
design can be a promising solution for future 5G 
applications, enabling high-speed data transmission and 
reliable communication. 
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