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Abstract. This article covers the design, development, and signal processing of a 5G mm-

wave MIMO antenna. The antenna design is first simulated using CST 18 software and 

optimized iteratively to meet the requirements. After finalizing the design, a prototype is 

fabricated and tested in an Anechoic Chamber to measure radiation patterns and gain in 

a controlled environment. The antenna uses two substrate materials: Rogers RT/Duroid 

and FR4.  Rogers RT/Duroid offers higher efficiency, gain, and lower loss at high 

frequencies compared to FR4. The design features a partial ground plane and orthogonal 

positioning of radiating components to enhance isolation. The antenna is designed to be 

compact and provide high bandwidth, making it ideal for 5G applications. The isolation 

between ports is greater than 13 dB for the Rogers RT/Duroid substrates and greater than 

16 dB for the FR4 substrates. The antenna design using Rogers RT/Duroid resonates at 

20 GHz, while the one using FR4 substrates resonates at 28 GHz. Key performance 

parameters for both substrates, such as ECC (Envelope Correlation Coefficient), MEG 

(Mean Effective Gain), DG (Diversity Gain), CCL (Channel Capacity Loss), gain, 

radiation pattern, total and radiation efficiencies, are compared. For the RT/Duroid 

design, the ECC is less than 0.007, DG is greater than 9.97, CCL is less than 0.4 bps/Hz, 

peak gain is 7.5 dB, radiation efficiency ranges from 82% to 88%, and total efficiency 

ranges from 62% to 82% within the desired frequency band (15–35 GHz). In contrast, the 

FR4 design shows an ECC of less than 0.006, DG greater than 9.95, CCL less than 0.4 

bps/Hz, peak gain of 5.6 dB, radiation efficiency between 40% and 52%, and total 

efficiency between 35% and 50%.  RT/Duroid has a relative permittivity (εr) of 2.2, loss 

tangent (tanδ) of 0.0009, and a thickness (t) of 0.8 mm, while FR4 has an εr of 4.3, tanδ of 

0.025, and thickness of 1.6 mm. The efficiency, gain, and return loss limitations can be 

mitigated by carefully selecting the dielectric material.  
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1. INTRODUCTION  

The rapid increase in the use of smartphones, tablets, and Wi-Fi hotspots, coupled 
with the growing demand for mobile data, has posed significant challenges for wireless 
service providers in managing the global bandwidth shortage. Providers are striving to 
deliver high quality, low-latency, and high-resolution data services to mobile devices. 
Meanwhile, the need for smaller and more portable devices has added complexity to 
current wireless communication systems. The existing frequency spectrum is also 
becoming overcrowded due to overlapping technologies, which further complicates the 
situation. As a result, researchers are exploring new solutions, such as 5G technology and 
the mm-wave frequency spectrum (30-300 GHz), to tackle these emerging issues. [1]. 
This paper explores various MIMO antenna designs for 5G communication, including a 
dual-band antenna for 28/38 GHz mm-wave systems using high isolation metamaterials, 
as well as a pentagon-shaped antenna that offers wide dual-band performance. [2]. This 
paper discusses a MIMO antenna designed for 5G mm-wave applications at 28/38 GHz, 
featuring a compact size, high gain, and wide bandwidth. To reduce mutual coupling 
between the radiating elements, a parasitic element with a simple geometry is positioned 
between the MIMO elements. The presence of the parasitic element improves the 
antenna's isolation, achieving a 25 dB enhancement in isolation [3]. A simulation of 
several antenna designs over the operating band 10–15 GHz has been carried out. For a 
variety of substrate materials, return losses, VSWR, and gain was investigated, and their 
effects were examined [4]. A micro-strip patch antenna with a reverse U-shaped slot 
operates in two bands at mm-wave frequencies (28 and 38 GHz) [5]. A small MIMO 
antenna design and characterization for potential 5G applications is presented. The 
proposed work's unit element is modeled after a typical circular patch antenna, but it has 
two rectangular slots added to it to provide broad bandwidth and operates a 5G mm band. 
A defective ground structure is made to improve the antenna's radiating properties and 
the arrays are rectangular slotted patch antennas [6-7]. A ꝏ-shaped MIMO antenna is 
introduced for future 5G mm wave communication, resonating at 28 GHz. The proposed 
MIMO antenna consists of four antenna elements, each spaced 90 degrees apart. Each 
antenna element's radiating component is made up of four circular ring patches, which 
play a key role in achieving the desired frequency band operation [8-9]. The bandwidth 
enhancement of an antenna can be achieved through the frequency-dependent properties 
of polymer composite dielectric materials [10]. This research demonstrates a combined 
four-element 5G/4G MIMO antenna system. It operates in the tri-bands of 28/37/39 GHz 
for 5G and in the 1.8-2.6 GHz band for 4G [11]. This article introduces a multiband 
MIMO antenna for a 5G system. The proposed antenna is designed using characteristic 
mode analysis. The planar Inverted-F antenna (PIFA) structure covers the 3.5, 4.3, 28, 
and 35 GHz bands. [12]. The article has a detailed discussion of design approaches, 
performance parameter-based optimization, construction, and diversity analysis of the 
suggested 5G MIMO antenna. The elliptical slot is crucial to the design to attain high 
bandwidth [13]. The purpose of this research was to create a compact MIMO antenna that 
has a large coverage area, and provides strong isolation properties over the necessary 
resonance bandwidth. The presented antenna has a straightforward design, has a 
wideband performance of nearly 15 GHz, and has superior isolation of 26 dB. The addition 
of a line resonator has increased the isolation level [14]. This paper presents a compact 
four-port MIMO antenna designed for 5G applications. The antenna has a size of 
11.3 mm *31 mm, excluding the feed lines [15]. A single-element array with a 2:1 
Voltage Standing Wave Ratio (VSWR) is designed on a Rogers RT Duroid 5880 
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substrate, targeting the 27.06–28.35 GHz frequency range for 5G applications [16]. This 
paper presents the design and implementation of a compact MIMO antenna system, 
featuring Coplanar Waveguide (CPW) feeding and a connected ground structure [17]. 

This paper introduces an S-shaped, four-port Multiple Input Multiple Output (MIMO) 
wideband mmWave antenna, operating within the 25 GHz to 39 GHz frequency range [18]. 
A wideband antenna incorporating double negative (DNG) metamaterial has been designed 
and analyzed for use in both 4G and 5G applications [19]. This paper introduces a compact 
multi-slotted patch antenna designed for Long-Term Evolution (LTE) and 5G communication 
applications. The proposed antenna features a stepped patch along with a ground plane. 
[20]. A planar rectangular slot antenna with dual-band functionality and enhanced peak gain 
has been proposed, designed, and manufactured for sub-6 GHz 5G applications [21]. On 
FR4 substrates, a dual-element octagon antenna with a slot is created that operates between 
3.1-4.5 GHz in the 5G sub-6 GHz spectrum. To minimize mutual coupling between MIMO 
antennas, an isolation element of T shape is positioned at the ground plane. The physical 
dimensions of the MIMO antenna are 55*38 mm2, and its ECC (or correlation) value 
across the completely operational spectrum is 0.0004 [22]. To improve isolation and better 
match impedance, a modified T-shape stub was kept between radiators and used modify 
tapered feedline with a defective ground structure in a 20*35 mm2 MIMO antenna array for 
n78/ 3.3-3.8 GHz, 5G band. In the operating band, the antenna produced a gain of 2.34 dBi 
and a radiation efficiency of 93% [23]. Compact MIMO antennas of different shapes are 
designed on FR4 substrate in a low operational frequency band using improved isolation 
techniques [24-27]. There are numerous antennas and antenna arrays designs with different 
isolation techniques were studied [28-29]. This paper presents a broadband antenna array 
designed for 28 GHz 5G communication. The array measures 45 * 20 mm² and operates 
within the frequency range of 25.052–34.923 GHz, as confirmed by measurements [30]. 
Most of the researcher has designed MIMO antenna on FR4 substrate for low band (<6 
GHz) and on RT/Duroid for mm-wave band (>6GHz) 5G application. 

The proposed dual band MIMO antenna consists of a rectangular ground plane on one 
side of the substrate and an F-shaped radiator with a circular slot in the middle [31, 34]. 
A novel low power beamforming method for Massive MIMO systems is presented in this 
research. [32]. A MIMO wideband 3D antenna system with 8 ports in an octagon form is 
proposed in this article for terahertz (THz) applications. The proposed MIMO antenna 
systems are suitable for sixth-generation wireless communication networks [33]. At the 
mm-wave band, FR4 is not ideal due to its low gain and efficiency, although it is more 
affordable than RT/Duroid. This paper presents the design of a MIMO antenna on both 
FR4 and RT/Duroid substrates and compares their performance. FR4 provides better 
return loss and good isolation, while RT/Duroid offers higher gain, greater efficiency, 
improved ECC and DG, and a better radiation pattern in the mm wave 5G band. 
Therefore, RT/Duroid is a superior substrate for the mm-frequency band. 

2. MIMO ANTENNA DESIGN  

The proposed MIMO antenna is fabricated using two dielectric materials: FR4 and Rogers 

RT/Duroid 5880. The permittivity (εr), tangent loss (tanδ), and thickness (t) for the FR4 

substrate are 4.3, 0.025, and 1.6 mm, respectively, while for the RT/Duroid substrate, they are 

2.2, 0.0009, and 0.8 mm. While Rogers RT/Duroid is a less lossy substrate compared to FR4, 

it is more expensive. The schematic Top view and back view structure of the proposed MIMO 

antenna with optimized dimensions is shown in Figure 1(a) and design steps of single antenna, 
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Table 1 Optimize parameters  

Antenna Parameters  a=fl b c d e h i j k l fw 

Size in millimeter  7.89 5 8 6 2.0 15 15 7.7 30 30 3.8 

   
                                  Top View                                                         Back View 

(a) 

 

(b) 

Fig. 1 Schematic structure of proposed antenna (a) Top View & Back view MIMO (b) 

Design steps of Single antenna  

is shown in Figure 1(b). In Step 1, a 50-ohm meander line is created. Similarly, meander line 

antennas are developed in steps 2, 3, and 4. Table 1 presents the optimized dimensions of the 

antenna. The fabrication design of the proposed MIMO antenna for both FR4 and Rogers 

RT/Duroid 5880 substrates is shown in Figure 2. The substrate size for both antennas is 

30 mm * 30 mm, though the thicknesses differ. The front view of the antenna design is 
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identical, with four radiating elements connected to form a common element. In a MIMO 

system, the antennas are arranged and connected to optimize their S-parameters and resonance 

frequency. In the bottom view, a ring-shaped ground plane is used to reduce size and enhance 

isolation. The ring-shaped ground plane is created by a square cut of 22 mm * 22 mm for the 

FR4 design and 15 mm *15 mm for the Rogers RT/Duroid 5880 design within the full ground 

plane. The substrate material is placed between the radiating elements and the ground plane in 

the patch antenna. Both the radiating elements and ground plane are made of perfect electrical 

conductor (PEC) material. A meandered line structure is employed to compact the antenna, 

and the shared geometry provides a wide bandwidth and improves gain. The proposed shared 

meandered MIMO antenna is more compact and delivers improved performance. A 50 Ω 

SMA connector was used at the input port to feed the radiator. The specifications of the 

substrates for the FR4 and Rogers RT/Duroid designs are provided in Table 2. 

         

                                Top View                                                                   Back View 

(a) 

 

                                       Top View                                               Back View   

(b) 

Fig. 2 Fabrication design of MIMO antenna for (a) FR4 (b) Rogers RT/Duroid 
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Table 2 Substrates specification of design MIMO antenna  

Parameter  FR4 RT/duroid 5880 

Substrate thickness  1.6 mm 0.8mm 

Permittivity and tangent loss   εr = 4.3, tanδ = 0.025 εr = 2.2, tanδ = 0.0009 

Ground cut (mm2  )  22*22 15*15 

Overall size (mm2  )  30*30 30*30 

3. RESULT AND DISCUSSION  

The CST-18 version Studio Suite software was used for simulation and a ZNB20 

vector network analyzer (VNA) was used to measure the S-parameters of the proposed 

MIMO antenna for both substrates (FR4 and Rogers RT/Duroid). The reflection and 

isolation coefficients were analyzed using the S-parameters. The reflection coefficient is 

represented by S11, while the isolation coefficients are represented by S21, S31, and S41. 

Figure 3 shows the measured and simulated reflection coefficient (S11) for both FR4 

material and Rogers RT/Duroid polymer.  

 

Fig. 3 Return loss S11 results for FR4 and Rogers RT/Duroid 

The measured frequency range of the proposed MIMO antenna for Rogers RT/Duroid 

is 17.56-21.76 GHz, while the simulated frequency range is 15.74-34.88 GHz. The 

simulated return loss at the 19.7 GHz resonance frequency is 55 dB, and the observed 

return loss at the 20 GHz resonance is 30 dB. Similarly, the measured frequency range of 

the proposed MIMO antenna for FR4 is 22.3-35 GHz, while the simulated frequency 

range is 22-35 GHz. The simulated return loss at the 27.4 GHz resonance frequency is 59 

dB, and the observed return loss at the 27.9 GHz resonance is 42 dB. Slight variations 

between the measured and simulated results are attributed to manufacturing errors. 

Measured and simulated isolation coefficients (S21, S31, S41) for FR4 and Rogers 
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RT/Duroid are shown in Figure 4 (a) and 4(b) respectively. The simulated and measured 

isolation is below -13 dB in the operating band of 15-35 GHz for Rogers RT/Duroid, 

while for the FR4 design, the isolation is below -16 dB. Table 3 presents the result 

comparisons for both substrate designs (FR4 and RT/Duroid) within the operating band 

of 15-35 GHz. 

 

(a) 

 

(b) 

Fig. 4 Isolation results for (a) FR4 (b) Rogers RT/Duroid 
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Table 3 Result comparisons for FR-4 and RT/Duroid 

Parameters result  FR4 Design Rogers RT /Duroid 
Return loss  59 dB 55dB 
Resonance frequency  28 GHz 20 GHz 
Isolation  <-16 dB <-13 dB 
Peak gain  5.6 dBi 7.5 dBi 
ECC  0.0012 0.007 
DG  >9.94 dB >9.97 dB 
Radiation efficiency  >36% >82% 
Total efficiency  >32% >62% 
MEG  <-3dB <-2.8dB 
SCD  78.1Amp/m 281 Amp/m 

The surface current distribution (SCD) of the proposed antenna for both FR4 and 

Rogers RT/Duroid is shown in Figure 5. For the surface current analysis, port 1 is 

excited, while the other ports are terminated with matching impedance. The analysis 

shows a reduced current coupling with antenna elements 2, 3, and 4. At different ports, 

the surface current ranges from 0 to 78.1 A/m for FR4, and from 0 to 281 A/m for Rogers 

RT/Duroid. The effects of coupled return loss and isolation factors are analyzed using the 

Envelope Correlation Coefficient (ECC). 

 
                                 (a)                                                                       (b) 

Fig. 5 Surface current distribution results for (a) FR4 (b) Rogers RT/Duroid 

 Figure 6 shows the measured and simulated ECC results for the FR4 and Rogers 
RT/Duroid systems. The simulation and measurement results indicate that the ECC is less 
than 0.0012 for the FR4 design, and less than 0.007 for the Rogers RT/Duroid design across 
the entire simulated frequency range, demonstrating the effectiveness of the MIMO antenna's 
diversity performance. The ECC values suggest minimal correlation between the antenna 
elements. S-parameters can be used to determine the ECC, which represents the relationship 
between antenna elements. ECC is particularly important in this context, as individual 
isolation measurements cannot fully capture the diversity response.  
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Fig. 6 ECC results for FR4 and Rogers RT/Duroid 

The diversity gain (DG) of the proposed MIMO antenna for FR4 and Rogers RT/Duroid 

is shown in Figure 7. For the FR4 design, the DG exceeds 9.95 dB across the entire frequency 

range, while for the Rogers RT/Duroid design, the DG exceeds 9.97 dB. The ideal DG value 

is 10 dB. As the DG increases, the correlation value decreases Rogers RT/Duroid.  

 

Fig. 7 Diversity gain result for FR4 and Rogers RT/Duroid 
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The MEG (Maximum Efficiency Gain) can be used to highlight the diverse aspects of 

MIMO antennas. To evaluate the MEG's diversity performance for different cross-

polarization ratios (XPR), it is analyzed for two mediums: isotropic and Gaussian. The 

MEG values for both isotropic and Gaussian mediums are shown in Figure 8. A 

comparison of the various MEG values at the resonance frequency is presented in Table 4 

 

Fig. 8 Mean effective gain result for FR4 and Rogers RT/Duroid at isotropic and Gaussian 

medium  

Table 4 MEG result at a resonance frequency  

MEG   Isotropic Medium Gaussian Medium 

Design  Resonance 

Frequency (GHz) 
XPR=0dB XPR=6dB XPR=0dB XPR=6dB 

FR4  28 -3.0 -3.3 -3.8 -4.4 
Rogers  
RT/Duroid  

20 -3.3 -2.8 -6.0 -5.5 

Figure 9 shows the measured and simulated gain for both the FR4 and Rogers 

RT/Duroid designs. For the FR4 design, the measured gain ranges from 3.3dB to 4.96 

dB, while the simulated gain ranges from 3.4dB to 5.6 dB across the frequency spectrum. 

The simulated and measured gains at the resonance frequencies are 5.2 dB and 4.96 dB, 

respectively. For Rogers RT/Duroid, the measured gain ranges from 4.7 to 6.4 dB, while 

the simulated gain ranges from 3.15 dB to 7.5 dB across the frequency spectrum. At the 

resonance frequency, the simulated and measured gains are 7.5 dB and 6.2 dB, 

respectively. 
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Fig. 9 Gain result for FR4 and Rogers RT/Duroid  

Figure 10 shows the measured and simulated efficiency for both Rogers RT/Duroid 

and FR4. For Rogers RT/Duroid, the radiation efficiency and total efficiency exceed 82% 

and 62%, respectively. In contrast, for the FR4 design, the radiation efficiency and total 

efficiency are greater than 38% and 36%, respectively, as shown in Figure 10. CCL 

(Channel Capacity Loss) was incorporated into the MIMO characteristics to provide 

insights into the channel capacity losses the system experiences due to correlation. CCL 

is another important performance metric for MIMO antennas. 

 

Fig. 10 Efficiency result for FR4 and Rogers RT/Duroid 
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The CCL results over the frequency spectrum are shown for both FR4 and RT/Duroid 

in Figure 11. The CCL in the operating bands must be less than 0.4 bps/Hz to meet the 

specified requirements, as indicated in Figure 11. The radiation patterns for the E-plane 

and H-plane are shown in Figures 12(a) and 12(b) for FR4, and in Figures 12(c) and 

12(d) for RT/Duroid. For FR4, the E-field has a magnitude of 15.2 dBV/m, with the main 

lobe directed at 335 degrees, while the H-field has a main lobe direction of 135 degrees 

and a magnitude of 31.9 dBA/m. For RT/Duroid, the E-field has a magnitude of 20.5 

dBV/m, with the main lobe directed at 330 degrees, while the H-field has a main lobe 

direction of 0 degrees and a magnitude of 34.3 dBA/m. 

 

(a) 

 

(b) 

Fig. 11 CCL result for (a) FR4 (b) RT/Duroid 
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                    E-plane radiation pattern                                      H-plane radiation pattern 

(a) 

 

                      E-plane radiation pattern                                        H-plane radiation pattern 

(b) 

Fig. 12 Radiation pattern result (a) FR4, (b) RT/Duroid 

The parametric analysis is done for varying feed width and feed length of proposed 

design antenna, are shown in Figures13 (a) and 13(b). The S11 result is observed for feed 

width 3.6 -4.0 mm and got return loss and sharp resonance at 3.8 mm feed width. Similarly 

good return loss at 7.89 mm feed length of selected range from 7.69 mm to 8.09 mm.  
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(a) 

 

(b) 

Fig. 13 Parametric analysis by changing (a) Feed width; (b) Feed length 

The effect of full ground plane and partial ground plane on S-parameters are also 

observed by Figure 14. The partial ground structure antenna is having good result. 
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Fig 14 S- parameters result with Full Ground (FG) and Partial Ground (PG) Plane 

Table 5 compares the proposed design with various existing 5G antenna designs. The 

proposed design demonstrates optimum antenna performance characteristics, making it 

suitable for use in 5G communication. The results from the proposed design and its 

simulations show that the proposed design includes all these critical metrics. 

Table 5 Comparative study with existing state of art literature 

Ref Overall size 

(mm2) 

Substrates Resonance 

freq. (GHz) 

Return 

loss (dB) 

Isolation 

(dB) 

Operating 

band (GHz) 

[4] 30*30 Rogers RT5880 

εr = 2.2, 

tanδ = 0.0009, 

t = 1.575mm 

27 30 <-29 26.16-29.72 

[5] 26*14.5 Rogers RT5880 

εr = 2.2, 

tanδ = 0.0009, 

t = 0.508mm 

28 

38 

22 

20 

-39 

-38 

21.4- 29.35, 

36.6-40.4 

[6] 28*28 Rogers Duroid 

RT/5870 

εr = 2.33 

tanδ = 0.0012, 

t = 0.79 mm 

28 

38 

>20 -50 26-31.5, 

36.5-41.74 

[8] 157.7*70 Rogers RT5880 

εr = 2.2, 

tanδ = 0.0009, 

t = 0.508 mm 

28 

38 

25 >25 27.15-28.77, 

37.59-38.49 
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[10] 30*35 Rogers 

R04350B,     εr 

= 3.66, 

t = 0.76 mm 

28 NG <-10 25.5-29.6 

[15] 48*31 Neltec 

εr = 2.2, 

tanδ = 0.0009, 

t = 10 mil 

28 >10 >21 26-31 

[16] 51.44*18.34 Rogers 

RT Duroid 

5880 

εr = 2.2, 

tanδ = 0.0009, 

t = 0.8 mm 

28 >10  27.06-28.35 

[17] 24*24 Roger 

RT/Duroid 

5880 

εr = 2.2, 

tanδ = 0.0009, 

t = 0.8 mm 

NG >10 >20 24.8-44.5 

[18] 24*24 RO5880 

εr = 2.3, 

t = 0.524 mm 

29 >10 26 25-39 

Proposed 

work 

30*30 FR4 

εr = 4.3, 

tanδ = 0.025, 

t = 1.6 mm 

28 58.8 <-16 15-35 

  Rogers 

RT/Duroid 

εr = 2.2, 

tanδ = 0.0009, 

t = 0.8 mm 

20 53.5 <-13  

 

Ref Gain ECC Eff. (%) DG 
(dB) 

CCL 
(bps/Hz) 

MEG Remark 

[4] 7.1 <0.0005 >90 9.999 0.15 <-6 Same size but low gain 
using same substrate 

[5] 5.2 
5.5 

0.001 92.2 
92 

9.99 0.05  Placement of 
metamaterial unit cells 

is more challenging to 
design. 

[6] 9.5 
11.5 

0.001 NG 9.99 <0.01  Parasitic element used 
for reducing mutual 

coupling. Design and 
placement of it, is 
more challenging. 

[8] 8.2 
8.7 

0.001 98 
97.6 

9.995 NG  By placing the slot, an 
LPF, the truncated 

ground, and a 
meandered line 

structure is 
challenging task. 
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[10] 8.3 <0.01 Nearly 

82 

>9.96 <0.4 NG T-junction power 

combiner/divider feed 

network is used. It is 

complicate task. 

[15] 10 <15 × 10−4 NG NG NG NG Trimming the corner of 

the rectangular high 

refractive index 

metamaterial region 

along with a ground 

stub between antennas 

to enhance isolation is 

tough task. 

[16] 16.07  - >93   <-3 Antenna array is used 

here. Overall size is 

more than proposed 

design. 

[17] 8.6 <0.008 >85 >9.5 NG NG Coplanar Waveguide 

(CPW) feeding is used 

in this paper. Less 

easy, needs drilling 

and soldering 

[18] 7.1 <0.05 >85 NG NG <-3 Decoupling network is 

used to reduce mutual 

coupling with 

compromising ohmic 

loss. 

Proposed 

work 

5.6 0.012 >36 

(R.E) 

>38 

(T.E) 

>9.94 <0.4 <-3 Defected ground plane 

and Orthogonal 

arrangement of 

antenna element to 

reduce mutual 

coupling is more 

simple technique. 

 7.5 0.007 >62 

(R.E) 

>82 

(T.E) 

>9.97  <-2.8  

Note: *NG (Not given) 

4. CONCLUSION  

The novelty of this research paper lies in its first-time performance comparison between 

FR4 and Rogers RT/Duroid antenna designs. Still during the literature survey, no 

investigation has been carried out regarding the right substrate selection for 5G bands. This 

was problem that, there was no literature survey on same antenna design with different 

materials. The key finding of paper provides a detailed analysis and comparison of the two 

substrates in terms of key performance metrics, such as return loss, gain, efficiency, ECC, 

MEG, DG, and CCL, highlighting the strengths and limitations of each material in high-

frequency applications. By examining these two materials, the study offers new insights into 

the suitability of FR4 and Rogers RT/Duroid for 5G communication systems, contributing 

https://www.sciencedirect.com/topics/engineering/waveguide
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valuable information to the field of antenna design. Substrate FR4 is most suited for Sub-

6GHz 5G technology, whereas RT/Duroid is the ideal substrate for offering the greatest 

performance to build antenna in 5G millimeter wave technology. The FR4 and Rogers 

RT/Duroid substrates are used to build the suggested antenna, and their comparisons within 

the operating frequency range of 15–35 GHz are discussed. With same size, proposed 

antenna, gain is improved by 1.9 dB; radiation efficiency is improved by 26% and total 

efficiency by 44%, ECC low by 0.005 and more directivity for Rogers’s substrate than FR4 

substrate.  
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