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ifth-generation (5G) technology is attracting significant interest because of its advanced 

features and its capability to tackle the weaknesses of earlier generations.  This paper 
presents an advanced compact L-shaped two-port MIMO antenna array that offers 

wideband performance, high isolation without using any decoupling structure, and low ECC 
for millimeter-wave (mm-wave) 5G systems. With a bandwidth equal to 13.9 GHz and a high 
gain of 6.9 dB, and is designed to operate in the frequency range from 26.1 GHz to 40 GHz. 
A compact and efficient MIMO structure is produced by placing the antenna elements 
orthogonally, which reduces mutual coupling. The proposed array is composed of two L-shaped 
antenna elements with a rectangular slot in a partial ground plane, each of them being built on 
a 0.254 mm thick Rogers RT5880 (lossy) substrate. The MIMO antenna array is 16 × 27 mm² 
in size, which shows a 33–70% reduction in size compared to recent wideband counterparts. The 
array design exhibits improved performance as the gain increases to 6.2 dBi and a radiation 
efficiency of over 95% across the operating band. It is discovered that there is less than -15 
dB of isolation between the elements. Total active reflection coefficient (TARC) is less than 
−10 dB, is approximately 10 dB, channel capacity loss (CCL) is less than 0.1 bits/sec/Hz, and 
ECC < 0.001 is among the major MIMO performance parameters that are well within the optimal 
range, demonstrating a measurable and balanced trade-off between compactness and 
performance. The proposed design is compact and has high bandwidth without compromising 
performance, unlike previous designs in which improvement in one parameter often led to degradation 

in another. The aforementioned results confirm that the proposed design is suitable for next-
generation millimeter-wave wireless communication systems. 
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Introduction: 
As mobile phones progress toward becoming an integral and indispensable aspect of 

daily life, they have dramatically improved our operational capacity, convenience, and 
interactivity through internet connectivity. This increasing dependence has generated 
considerable interest in the telecommunications community. The 2020 Cisco Visual Networking 
Index report estimates that the video streaming era requires high bandwidth and non-stop data 
flows. Video traffic alone grew to 73% of overall internet traffic in 2016 and was forecast to 
hit 82% by 2021. Additionally, it was predicted that between 2016 and 2020, traffic associated 
with virtual reality and augmented reality would increase twentyfold, whereas live internet 
video traffic was expected to rise fifteen times over the same period. With this increase in 
reliance on mobile devices, mobile data traffic has also increased exponentially [1]. All these 
technological achievements mark a paradigm shift towards more complex wireless 
communication systems. As such, high data rates, better spectral efficiency, minimized mutual 
coupling effects, trustworthy signal transmission, and high-speed connections are in critical 
demand, which existing communication systems are increasingly failing to meet [2][3][4][5]. 

There is no unique definition or one-size-fits-all architecture of a 5G antenna; instead, 
it arises from the blend of various techniques, arrangements, and conditions in order to fulfill 
the required system conditions [6]. To cater to the need for improved data rates and enhanced 
spectral efficiency, this paper investigates utilizing the under-utilized mm Wave band between 30 
GHz and 300 GHz. Nevertheless, working at these high frequencies contributes significantly 
to path loss and signal attenuation, such that stable communication becomes difficult in 5G 
services. Atmospheric conditions further aggravate the problems, as they have an significant 

effect on mm-wave signal propagation [7]. A 2-port MIMO antenna with the incorporation of 
a complementary split ring resonator in the ground plane was designed, but the achieved 
bandwidth is very low [8]. 

In [9] a compact quad-port MIMO antenna with a hybrid decoupling structure is 
designed, which gives very high gain, but the bandwidth is compromised, which is 7.2 GHz. 
To meet the demand for higher data rates, an innovative design was developed with a compact 
size, but it did not succeed in achieving high gain and broad bandwidth [10]. In [11] a 79% 
efficient circular microstrip patch antenna with FR-4 substrate and relative permittivity of 4.4 
is designed to decrease antenna size for WLAN by introducing slots in the patch itself. In [12], 
a design is presented where 20 dBi and 8 dBi are the gains over the range of 24 GHz - 40 
GHz. This paper proposed an orthogonal two-port MIMO antenna array in order to reduce 
the inter-element coupling experienced in 5G mm-wave applications. Two operational bands at 

28 GHz and 38 GHz were considered, with the antenna designed to operate over 27–40 GHz. The 
antenna was fabricated on an FR-4 substrate because it was cheaper and easier to fabricate. 

Achieving high isolation is one of the significant problems of MIMO antenna systems 
in degrading system performance. It can be overcome by using Electromagnetic Band Gap 
(EBG) structures [13], which ensure in-phase reflection and high surface impedance, thus 
enhancing isolation. Out of many isolation improvement techniques, arranging antenna 
elements in orthogonal locations is promising by enhancing gain and attaining system 
efficiency of over 95% [14]. 

A high-gain MIMO antenna with double operating bands, 27.1 GHz - 28.71 GHz for 
the 28 GHz band and 36 GHz – 42 GHz for the 38 GHz band, has been designed in [15], 
albeit at the cost of bandwidth. Similarly, [16] presents an eight-element MIMO antenna array 
wherein elements are located on opposite sides to provide high isolation without employing 
any decoupling structure, though with restricted bandwidth performance. An anti-parallel 
ultra-wideband (UWB) antenna is designed in [17] featuring high gain in a compact size. Yet, 
its bandwidth of 34.1 GHz –39.7 GHz is still a bottleneck. 
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In [18], a very compact antenna of size 2.62 mm × 2.62 mm was designed for 5G by 
using parasitic elements operating at both 28 GHz and 38 GHz. Further reduction in mutual 
coupling was achieved by [19] where a rectangular slot has been engraved into the ground 
plane along with additional design modifications. On the other hand, [20] presented a four-
element MIMO antenna array using the defected ground structure (DGS) for ultra-wide 
bandwidth starting from 25.66 GHz to 41.74 GHz. The antenna was designed horizontally 
oriented, and the spacing between elements was appropriate, so no other decoupling structure 
was used. 

A two-port MIMO antenna is proposed for 5G applications performing in the mm-
wave band, particularly at 28 GHz.  Rogers RT5880. This consists of a novel L-shaped antenna 
design that exhibits very low mutual coupling and high isolation. All the significant parameters 
needed for good MIMO performance are improved, including TARC, ECC, CCL, and gain, while 
retaining compactness. 

The main aim of this research is to optimize the balance between structural compactness and 

performance. The recommended antenna design exhibits high gain and broadband behavior 
while maintaining enhanced MIMO performance parameters, hence being a very suitable 
option for future 5G wireless systems. 

There are four sections in the research paper. The introduction is given in Section 1, 
and the proposed antenna's design process is described in Section 2. The results are covered 
in Section 3, and the paper's conclusion is covered in Section 4. 
Section II: Design And Methodology: 
Single Element Design: 

 
Figure 1. Flow Diagram of Antenna Design 

The Rogers RT5880 substrate, which was selected for its low-loss properties and 
suitability for high-frequency applications, is used in the design of the antenna. The substrate's 
dielectric constant is 2.2, its height is 0.254 mm, and its loss tangent is 0.0009. CST, a 
commercially available electromagnetic simulation program, is used to design and simulate the 
antenna.  

These four steps are followed to achieve the resonance frequency for wideband 
applications in a wireless communication environment. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
Figure 2. Single-element design steps (a) First step, (b) Second step, (c) Third step, (d) 

Fourth step 

 
(a)  

(b) 

Figure 3. Single element design (a) top view (b) bottom view with rectangular slot in 
truncated ground 

In order to determine the impedance matching and resonant frequency, the patch 
antenna length and width were used. The following are the equations used to calculate the 
length and width of the patch. 

𝑊𝑝 =  
𝑐

𝑓𝑐
 √

𝜀𝑟+1

2
 (1) 
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𝜀𝑒𝑓𝑓 =
𝜀𝑟+1

2
+

𝜀𝑟−1

2
(1 +

12ℎ

𝑊𝑝
)

−1 2⁄

 (2) 

∆𝐿 = 0.421ℎ
(𝜀𝑒𝑓𝑓+0.3)(

𝑊𝑝

ℎ
+0.264)

(𝜀𝑒𝑓𝑓−0.258)(
𝑊𝑝

ℎ
+0.8)

 (3) 

𝐿𝑒𝑓𝑓 =
𝑐

2𝑓°√𝜀𝑒𝑓𝑓
 (4) 

𝐿𝑝 = 𝐿𝑒𝑓𝑓 − 2∆𝐿 (5) 

Where 𝐿𝑝 and 𝑊𝑝 is the length and width of the patch, ℎ is the height of the substrate, 

c is the speed of light, 𝜀𝑟 is the relative permittivity, 𝜀𝑒𝑓𝑓 is the effective permittivity, ∆𝐿 is the 

length extension, 𝐿𝑒𝑓𝑓 is the effective length, 𝑓𝑐 is the central frequency, 𝑓° is the resonant 

frequency. 
Table 1. Optimized Parametric table 

Parameters Hs a b c d e F g h i j K  

Value(mm) 0.254 8 8 6.65 0.87 5.8 3.15 0.2 1.38 0.9 1.85 0.4  

m n o p a50Ω d100Ω  A B C D E F G H 

7.98 1.8 1.06 7.1 0.9 0.26 5 8.5 1 16 11 3.55 6.65 27 

 
Figure 1. Simulated Reflection coefficient of 1st, 2nd, 3rd and 4th step of Single Antenna 

The evolution model of antenna design is shown in Figure 2 along with its S11 
Parameters as shown in Figure 4, which indicates the working of the antenna at different stages 
of design. Figure 3 depicts the progressive development of the antenna under consideration, 
while Figure 4 shows the corresponding reflection coefficient. 

The original patch antenna in Figure 2(a) has weak impedance matching, represented 
by a poor S11 response. The ground plane is truncated as depicted in Figure 2(b) to enhance 
matching and resonance according to the larger S11 dip. Inserting a rectangular slot in the 
ground in Figure 2(c) provides a slight improvement. The last L-shaped patch design in Figure 
2(d), however, demonstrates significant improvement in matching impedance and frequency 
range, with a distinct, deep S11 resonance in Figure 4, validating the optimized function of the 
antenna for high-frequency systems. The evolution of the antenna design shown in Figure 2 is 
also confirmed through the surface current density in Figure 5. In the initial stage of design, 
as represented in Figure 2(a), the current distribution in Figure 5(a) is weak and non-uniform, 
reflecting poor radiation. With ground truncation, as described in Figure 2(b), the current 
focuses more along the radiating edges, as demonstrated in Figure 5(b), verifying enhanced 
radiation efficiency. By including a rectangular slot in the ground plane, as in Figure 2(c), the 
current distribution shows slight variations, as illustrated in Figure 5(c). In the final 
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configuration of the antenna design, Figure 2(d) presents an L-shaped patch with high and 
uniform current concentration along the entire radiating surface, as shown in Figure 5(d), 
thereby ensuring efficient radiation and confirming the optimized working of the design. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 2. Surface Current Density at 28GHz of (a) First step, (b) Second step, (c) Third 
step, (d) Fourth step 

Parametric Analysis: 
Figure 6 shows the parametric analysis of the initial antenna design. To optimize 

performance, a parametric sweep is conducted for the ground slot, truncated ground length, 
feed width, and feed length. The parametric sweep for the feed width (Figure 6(a)) ranges from 0.8 

mm to 0.92 mm with a step size of 0.03 mm. It shows satisfactory result for the value of 0.87mm. 
Similarly, the parametric sweep for the length of feed is shown in Figure 6(b) with a step size 
of 0.25, which shows a satisfactory result for impedance matching at a value of 5.8mm. The 
length of the ground is checked for different values ranging from 3.65 to 7.65 as well, as shown 
in Figure 6(c). Finally, different values ranging from 0.9 to 1 are checked for the ground slot 
to optimize the results for the proposed design, as shown in Figure 6(d).  
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 3. Optimized Parametric analysis (a) width of feed (b) length of feed (c) length of 
ground (d) ground slot 

This study shows that for better performance, it is necessary to fine-tune different 
values and then select the best value. 
Antenna Array Design: 

5G applications often start with a single-element antenna design, which provides a low gain 

of 4.5 dB and operates at 28 GHz. The gain achieved is not satisfactory for operations in mm-
wave wireless communication. Therefore, there is a critical need for improvement in gain. One 
such technique is the use of array configuration [21] where multiple antennas are transformed 
into an array and the power supply is through a single feed. The proposed antenna design is 
converted into a network using corporate feeding, which consists of two antenna elements 
forming a 1×2 array, in order to increase the gain at the selected frequency of interest from 
3.4dBi. When the primary 50Ω feed is split into a 100Ω track impedance, the array network is 
transformed as shown in Equation 6. While the main feed line's width is adjusted to achieve 
an impedance of 50 Ω, the feed line width for the other transmission lines is adjusted to achieve 
an impedance of 100 Ω. Figure 7 shows the 1x2 array antenna with a single computed antenna 
dimension in the proposed design. The top and bottom views of the suggested array are 
depicted in Figures 7(a) and 7(b), respectively. The same measurements used for a single 
antenna element are used to optimize the array's power distribution. 

𝑊𝑧 = (
377

𝑧𝑜√𝜀𝑟
− 2) x ℎ𝑠 (6) 
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(a) 

 
(b) 

Figure 4. Proposed Corporate Antenna Array (a) top view (b) bottom view 
The reflection coefficient for a 1×2 array is presented in Figure 8. The bandwidth for 

a 1x2 array is from 27.1 GHz to 40 GHz, which is high in comparison to a single element.  

 
Figure 8. Reflection Coefficient of Antenna Array 

Figure 9 depicts the array’s gain characteristics, which demonstrate a significant 
increase in gain up to 6.2 dB over the single element configuration. The gain has increased 
from 4.5 dB to 6.2 dB when a single element was transformed into an array. This is consistent 
with the array configuration, and due to inter-element spacing, the array maintains compactness 

while preserving wide bandwidth.  

 
Figure 9. Gain of Array 
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2-Port MIMO Configuration: 
Figure 10, given below, shows the extended version of the array, which is evolved into 

a 2-port MIMO antenna. The arrays are placed orthogonally with a 90° rotation, which reduces 
mutual coupling and improves isolation. As for transformation into an array, multiple antennas 
are used, which use a single port. This harms channel capacity. To address this adversity, 
multiple ports are used. Although it is very easy to use this technique when a single antenna is 
handling, the problem of mutual coupling arises when the array is transformed into MIMO. 
As a result, the overall dimensions of the MIMO antenna are 16 mm by 23 mm. 

 
(a) 

 
(b) 

Figure 5. Proposed MIMO Antenna (a) top view (b) bottom view 
S-Parameters and Mutual Coupling of MIMO Antenna: 

The reflection efficiency (S-parameters) of the designed 2-port MIMO antenna is 
shown in Figure 11. The return loss values (S11 and S22) remain below −10 dB throughout 
the range of frequencies in which the antenna operates. This indicates proper impedance 
matching; therefore, resulting in minimal reflection at each port. The significant dips in the S11 
and S22 curves at several frequencies mean that the antenna radiates efficiently over a large 
frequency range, with many different resonation points. The resemblance in the reflection 
responses in both ports guarantees uniform impedance behavior, which is of prime 
importance for stable MIMO performance in the millimeter-wave regime. Figure 12 depicts the 
isolation characteristic of the designed MIMO antenna for a visual indication of the correlation 
between ports one and two. The isolation levels are very low, with a value of less than −15 dB 
for both ports. 

 
(a) 

 
(b) 

Figure 11. Simulated results of 2-port MIMO Antenna (a) S-Parameters (b) Isolation 
Coefficient 
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Section III: Simulations and Results: 
Surface Current Density: 

The existing distribution in Figures 12(a) and 12(b) at 28 GHz illustrates the mutual 
coupling behavior of the antenna elements when both ports are separately excited. In both 
cases, it can be observed that the radiated fields are mainly directed in a direction away from 
the adjacent element with little overlap among the radiation lobes. This clearly shows high 

isolation between the ports. The S12 is -18 dB at 28 GHz. It should be noted, however, that a 
negligible coupling has been obtained without adding a decoupling structure, since the element 
layout and orientation automatically provide sufficient spatial separation. The fact that there 
is minimal or no field interaction in the element space is a surety that mutual coupling is 
inherently suppressed, and no additional decoupling elements are necessary. It further enables 
the efficient and reliable operation of MIMO systems, yielding a simplified antenna design. 

For Port 1 and Port 2 excitations at 34 GHz, the current distributions in Figures 12(c) 
and 12(d) show significant current focus on the individual active elements, confirming efficient 
excitation and radiation. The S12 is -21 dB at 34 GHz. In both cases, there is little induced 

current on the non-excited element, showing better isolation and low mutual coupling. Current 
remains well-confined at the patch edges and feed lines. This would suggest good impedance 
matching, hence effective design. This port symmetry justifies the antenna’s use for MIMO 
operation at 34 GHz with stable radiation and good port-to-port isolation. In addition to 
qualitative surface current observations, mutual coupling is quantified through the 
transmission coefficient. The S12 remains below -15 dB while further reducing at resonating 
frequencies 28 GHz and 34 GHz. Moreover, the low induced current magnitude on the non-
excited element is consistent with the measured isolation and indicates suppressed near-field 
coupling. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 12. Current Distribution of MIMO Antenna Array at 28GHz (a) excitation at port 1 
(b) excitation at port 2, At 34 GHz (c) excitation at port 1 (d) excitation at port 2 
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Far Field Measurement: 
The characteristics of the proposed MIMO antenna, such as gain and radiation patterns, 

are assessed over its operational broadband frequencies (i.e., 28GHz, 31GHz, 34GHz) to 
determine their overall effectiveness. At 28 GHz, as depicted in Figure 13(a), it has a wide 
main lobe with good directivity, indicating adequate coverage. At 31 GHz, in Figure 13(b), the 
radiation is more concentrated with a thin beam and better gain, hence showing higher 
directionality. In Figure 13(c), symmetrical and stable radiation with low side lobes is observed 
at 34 GHz, demonstrating consistent performance. These results demonstrate that the antenna is 

suitable for for high-frequency applications like 5G and mm-wave communication.  

 
(a) 

 
(b) 

 
(c) 

Figure 6. Radiation Pattern of MIMO Antenna (a) 28GHz (b) 31GHz (c) 34GHz 
Gain and Efficiency: 

In Figure 14, the gain of the MIMO antenna design is shown. The highest gain is 
approximately 6.9 dBi, greater than other designs, but also with a considerable gain of 
approximately 6.5 dBi at 28 GHz. The MIMO design also maintains a high radiation efficiency 

ranging from 0.85 to 0.95, indicating minimal power loss and good impedance matching 
throughout the band. Such stability in the efficiency, coupled with the increased gain, confirms 

the robustness of the MIMO design for wideband and millimeter-wave communications.  
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Figure 7. Gain and Efficiency of MIMO Antenna 

Mimo Antenna Performance: 
In MIMO technology, multiple antennas are employed to evaluate performance using 

metrics such as Total Active Reflection Coefficient (TARC), Envelope Correlation Coefficient 
(ECC), Channel Capacity Loss (CCL), Diversity Gain (DG), Mean Effective Gain (MEG), 
along with standard parameters like radiation efficiency, bandwidth, gain, and efficiency 
[22][23]. These metrics are utilized to assess the performance of the proposed MIMO antenna 
array. 
Total Active Reflection Coefficient 
For an MIMO antenna, the TARC [24] is given by  

𝑇𝐴𝑅𝐶 =  √
(|𝑆11+𝑆12𝑒𝑗𝛳|

2
+ (|𝑆21+𝑆22𝑒𝑗𝛳|

2
 ))

2
 (7) 

Contrary to the existing antenna, in the proposed antenna design, the TARC always 
remains below -10 dB, as shown in Figure 15 below. This indicates a low reflection coefficient, 
which signifies efficient power transfer and confirms that the antenna operates properly in the 
desired frequency range. 

 
Figure 8. Total Active Reflection Coefficient of Proposed MIMO Antenna Array 

Envelope Correlation Coefficient: 
To achieve the best diversity characteristics, the signals received at the destination 

receiver must be as uncorrelated as possible. Signal independence is measured by using the 

24 26 28 30 32 34 36 38 40

0.84

0.86

0.88

0.90

0.92

0.94

0.96

 Tot. Efficiency

 Gain

Frequency [GHz]

E
ff

ic
ie

n
cy

 [
a
b

s]

4.0

4.5

5.0

5.5

6.0

6.5

7.0

 G
a
in

 [
d

B
i]



                                 International Journal of Innovations in Science & Technology 

January 2026|Vol 8 | Issue 1                                                                  Page |63 

Envelope Correlation Coefficient (ECC), as described in [25]. This calculation is typically done 
using far-field radiation.  

𝐸𝐶𝐶 =  
|𝑆11𝑆∗

12+𝑆21𝑆∗
22|2

(1−|𝑆11|2− |𝑆21|2)(1−|𝑆22|2− |𝑆12|2)
 (8) 

Figure 16 shows the ECC variation over the operating bandwidth. From Figure 16, it 
can be seen that the ECC is below 0.001 over the entire frequency range. This implies that the 
isolation between antenna elements is excellent, and the correlation between radiators is very 
low. The presented design is thus very suitable for future mm-wave wireless communication 
and gives reliable performance with high data throughput. 

 
Figure 9: Envelope Correlation Coefficient of Proposed MIMO Antenna Array 

Channel Capacity Loss: 
CCL is an important parameter that reflects the efficiency of data transmission at 

frequencies within the operation range through a MIMO system. 

𝐶𝐶𝐿 =  −𝑙𝑜𝑔2det (𝑎) (9) 
A CCL of 0.4 bits/sec/ Hz [26] is normally considered to reflect good data 

transmission. In the proposed design, the CCL remains below 0.1 bits/sec/Hz across the 
whole operating band, as shown in Figure 17. The consistently low CCL obtained is demonstrates 

the design’s effectiveness in supporting a robust and lossless data transfer capability. 

 
Figure 10. Channel Capacity Loss of Proposed MIMO Antenna Array 

Diversity Gain: 
Diversity gain (DG) is one of the main parameters in MIMO systems, and it 

characterizes how much SNR improvement [27] is obtained at the output of the diversity 
combiner. It reflects the ability of the system to enhance signal reliability by means of several 
antennas and is usually expressed through the ECC as: 
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𝐷𝐺 = 10 (√1 − 𝐸𝐶𝐶2(10) 
As indicated in Figure 18, the DG value is practically equal to 10 within the operating 

band of frequency. 

 
Figure 11. Diversity Gain (DG) Of MIMO Antenna Array 

Discussion: 
Table 2 also gives a comparative analysis of the suggested MIMO antenna and its 

predecessors' designs, clearly demonstrating the superiority of the suggested structure in terms of 
wideband operation, high gain, and enhanced isolation. The Rogers RT5880 substrate, which 
has small dimensions of 6 × 17.37 mm², was used in a compact ultra-wideband MIMO antenna 
that was reported in [17]. Although it had outstanding isolation, its bandwidth was severely 
constrained. Similarly, in [28], a 12 × 6 mm² antenna operating between 24 GHz and 30.25 
GHz was able to achieve high isolation of -29 dB with the aid of a C-shaped decoupling 
structure, but the bandwidth enhancement was still negligible. 

Although a high-gain and high-isolation MIMO antenna array was proposed in [29], 
its application range was limited due to its narrow usable bandwidth (37.29 GHz –38.24 GHz) 
and the design compromises on compactness for high gain. Improved bandwidth (20 GHz–
32 GHz) and gain (6.5 dB) were provided by a four-port MIMO antenna in [30], but its 
isolation level of 20 dB made it less appropriate for high-frequency or interference-sensitive 
applications.  

Although the gain was only about 2.8 dB, MIMO techniques were used in [31] to 
reduce multipath fading and achieve a wide bandwidth (2.9 GHz –18 GHz) in a structure that 
was 18 × 36 mm². In [32], yet another large MIMO design showed subpar overall performance 
in terms of isolation, gain, and bandwidth. The design put forth in [33] used a four-element 
configuration to target Ka-band short-range communication. however, its large 35 × 40 mm² size 
limits its practical application.  

Additionally, there were performance issues with a two-element slot-loaded MIMO 
antenna in [34], especially with regard to bandwidth and gain. A large MIMO antenna with 
high gain was presented by [35], but it was not compact enough to be integrated into 
miniaturized platforms. Although the gain is very high, the design is bulky, which is not feasible 
for incorporating into portable devices. A four-port MIMO antenna in [36] had poor 
bandwidth performance but good gain and isolation.  

The proposed MIMO antenna array in this study provides a more optimized and 
balanced solution in contrast to the earlier studies. This design is ideal for mm-wave and 5G 
applications since it offers high isolation levels while achieving a small form factor, greatly 
increased gain, and wide bandwidth. 
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Table 2. Performance Comparison of Proposed Design with Recent Literature 

Ref Size (mm) 
[Ports] 

Frequency range (GHz) 

[bandwidth] (GHz) 

Isolation 
(dB) 

Peak gain 
(dBi) 

ECC DG Fabricated 
material 

TARC CCL 

[17] 6X17.37 (2) 34.1-39.7 [5.6] -65 6.7 0.00035 9.99 Roger 5880 <-10dB 0.034 

[28] 12x20 (2) 24-30.25 [6.25] -29 9.25 0.005 9.99 Roger 6002 Within limits <0.3 

[29] 20x40 (2) 37.29-38.64 [1.35] -40 12.8 <0.0001
4 

9.99 Roger RT5880 <-10dB <0.3 

[30] 24x32 (4) 20-32[12] -20 6.5 0.0055 9.99 RO5880 <10dB <0.4 

[31] 18x36 (2) 2.9-18 [15.1] -18 >2.8 <0.05 9.95 FR4 <-10dB <0.29 

[32] 150x75 (8) 3.4-4.7 [1.3] -11 >1.5 <0.08 10 FR4 <-10dB <0.3 

[33] 35x40 (4) 24.1-30.9 [6.8] -30 6.5 <0.18 10 Roger RT5880 <-10dB <0.25 

[34] 39x31 (2) 30.2-40 [9.8] -25 4.96 <0.0025 9.98 Roger RT5880 <-10dB <0.3 

[35] 55.27x27.635 (2) 27-40 [13] -30 10 <0.0001 10 FR4 Within limits <0.4 

[36] 25x25 (4) 25.28-28.02 [2.74] -23.2 8.72 <0.0015 9.99 Roger RT 
5880 

<-10dB <0.4 

Prop.Work 16x27 (2) 26.1-40 [13.9] -15 6.9 <0.003 9.9 Rogers 5880 Within limits <0.3 
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Conclusion: 
This paper describes the development and simulation of a compact 2-port L-shaped 

MIMO antenna designed specifically for use in 5G millimeter-wave applications. The MIMO 
antenna has a peak gain of 6.9 dB across a frequency range of 26.1 GHz to 40 GHz with an 
overall total usable MIMO bandwidth of 13.9 GHz. Due to the perpendicular placement of 
the individual MIMO antenna elements, the amount of mutual coupling (or isolation) achieved 
by this design is greater than -15 dB with no additional decoupling components required 
between the individual antennas, but it can be further improved by introducing a decoupling 
technique. The major performance criteria for MIMO antennas indicate that the values for 
ECC (<0.001), DG (around 10 dB), TARC (< -10 dB), and CCL (< 0.1 bits/sec/Hz) are all 
well within standard specifications and therefore conclusively demonstrate that this design is 
feasible for MIMO antenna applications operating at high frequencies. The gain and data 
speed can be increased by increasing the number of ports. This design can be validated by 
fabricating and testing its performance in real-world scenarios. The performance of the MIMO 
antenna can be improved by introducing a decoupling structure.   
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