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 This work presents an annular ring patch antenna (ARPA) on the basis of 

metamaterial (MTM) for 5G applications. ARPA has become a popular 

choice for a range of wireless applications owing to its low profile, miniature 

size, simplicity in integrating with printed circuit boards (PCBs), and 

compatibility with contemporary fabrication techniques. Nevertheless, the 

bandwidth, gain, and efficiency restrictions that the ARPA frequently 

experiences are crucial for fulfilling the stringent needs of 5G 

communication systems. To overcome these obstacles, researchers have 

tuned to materials known as MTMs, which are synthetic materials having 

special electromagnetic (EM) characteristics absent from natural materials. 

By including complementary split ring resonators (CSRR) structures into 

microstrip patch antenna (MPA) the important characteristics like 

bandwidth, gain, and efficiency are enhanced. An EM simulation software 

named computer simulation technology (CST) Microwave Studio is 

employed for the evaluation of the antenna prototype. Rogers RT5880, a 

commercially accessible substrate material is used to develop the prototype. 

Comparative analysis is conducted between conventional antennas and 

ARPA, in which the proposed antenna attains low electrical loss, uniform 

electrical properties, thermal stability, and dimensional stability with gain of 

5.65 dB. The developed work proves that the addition of CSRR structure is 

the solution to the development of antennas with superior performance 

characteristics. 
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1. INTRODUCTION 

In latest years, there has been a higher need for wireless mobile communications devices. The 

increase of tablets, mobiles and other wearable and portable wireless devices has spurred advancement of 

communication systems [1], [2]. The absence of feasible frequency resources is one of the major elements 

affecting wireless communication in the modern world. The wireless region has developed from analog to 

digital systems, including 2G networks and 3G technology has evolved to include applications like wide-

bandwidth global roaming and television/video [3]-[5]. Since these videos require very low latency and very 

high data rates, current 4G wireless connectivity is unable to handle downloading them. In order to address 

this issue, research has begun in frequency band for 5G wireless communication [6]-[8]. Through the use of 

the huge quantity of spectrum in the mm wave, the 5G network is predicted to enhance communication 

capacity [9]. Additionally, it should be able to sustain and provide extremely maximum data rates till 100 

https://creativecommons.org/licenses/by-sa/4.0/
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times earlier than 4G capacity [10]-[12]. In particular, the tiny antenna needs to exhibit a maximum gain and 

a wide bandwidth [13]. Furthermore, the difficult tasks for enabling 5G cellular connectivity is antenna 

design. To increase the performance of mobile communication, an effective antenna is required [14]. Micro 

strip patches are among the most widely used conventional antenna types due to their low cost, minimal 

complexity of design, and ease of production. It features a dielectric substrate a ground plane and a thin 

copper or gold metallic patch [15]. Patch antennas come in a different forms, including dipole, circular, 

square, rectangular, elliptical, and triangle. Nevertheless, their radiating patch area is significantly greater 

than what is needed for components that fit into contemporary small devices [16]-[18]. As a result, this paper 

develops an annular ring patch antenna (ARPA) and its performance are enhanced by the metamaterial 

(MTM) structure. MTMs have a number of attractive characteristics, including surface wave reduction, 

negative effective constitutive parameters and recognizable stop bands [19]. MTMs are artificial structures 

that systematically arrange their unit cells in an irregular or periodic arrangement to change the 

characteristics of electromagnetic (EM) waves. MTMs are used in antennas as a super substrate or substrate 

to enhance gain and bandwidth [20]. 

The development of the pent a-ring split ring resonator [21] allows for the downsizing of antennas. 

However, because of their tiny size and complex shape, constructing perfect ring resonators is difficult. A 

double negative (DNG) metamaterial for 5G applications is developed in [22]. DNG-based antennas have a 

wider frequency range of operation, which makes them appropriate for multi-band applications. However, 

because of their distinct EM behavior, DNG MTMs cause significant losses and those impacts the antenna 

efficiency. The T-shaped patch antenna with a metamaterial-based superstrate offers several merits, including 

enhanced bandwidth and gain performance which introduce unique EM properties absent in conventional 

substrates. However, the design also presents certain demerits, such as increased structural complexity 

compared to conventional patch antennas, which may complicate fabrication and alignment of the 

superstrate. Additionally, the use of sea water as a metamaterial medium raises practical challenges related to 

stability, repeatability and long-term reliability of the antenna in real-world conditions [23]. The microwave 

patch antenna integrated with metamaterial-based structures for noncontact dielectric characterization offers 

several merits. It achieves high sensitivity and accuracy and demonstrates excellent correlation, validating its 

reliability. However, the design exhibits structural and fabrication complexity due to the integration of 

metamaterials and the need for precise alignment of the 3D-printed setup [24]. The crescent-shaped multi-

band circular annular ring antenna offers several merits, including compact size, dual-band operation at  

3.1 GHz and 9.3 GHz, and wide bandwidths of 500 MHz making it highly suitable for modern wireless 

communication systems. However, the antenna exhibits increased structural complexity due to multiple 

nested annular rings, which may complicate fabrication and tuning. Additionally, while it performs well in 

the specified frequency bands, its performance may be limited outside these ranges, reducing flexibility for 

ultra-wideband applications [25]. 

Therefore, this paper proposes a metamaterial complementary split ring resonator (CSRR)-inspired 

ARPA for 5G applications. The primary goals of this work are: 

- Design a CSRR-inspired ARPA appropriate for 5G applications. 

- Analyse the EM characteristics of the developed antenna design utilizing simulation tool (computer 

simulation technology (CST) Microwave Studio). 

- Enhance the antenna’s parameters to attain the coveted performance metrics, including gain, return loss 

and efficacy. 

The integration of CSRRs, which introduce unique EM properties such as negative permeability and 

compact electrical length is regarded as the significant contribution of the proposed design. Unlike standard 

patch antennas that often struggle with limited bandwidth, low gain and larger dimensions, the CSRR-loaded 

ARPA achieves multiband resonance, enhanced impedance matching and circular polarization behavior 

within a reduced physical footprint. The slotting behavior of the annular ring further extends the surface 

current path, effectively lowering the resonant frequency without requiring a larger patch. Additionally, the 

Rogers RT5880 substrate with copper layering ensures low loss, thermal stability and uniform electrical 

properties, enabling high radiation efficiency and stable performance across 5G bands. 

 

 

2. LITERATURE REVIEW 

This section demonstrates the different conventional antennas with their benefits and limitations 

(Table 1). To overcome these issues, this paper proposes an ARPA with MTM structure, which effectively 

improves the performance of developed antenna. 
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Table 1. Conventional survey based on various antennas 
Method Benefits Limitations 

A rectangular microstrip patch 
antenna (MPA) is presented in 

[26]. 

It has planar and low profile structure. On the other hand, the antenna 
parameters are calculated using 2D 

models with the system's physical 

properties is need to be considered. 
A small circular MPA covering 

the frequency of 5.15 to 5.825 

GHz is presented in [27]. 

The circular MPA with a compact design is 

appropriate for WLAN applications and achieves 

good performance. 

However, the testing and fabrication 

of the developed antenna and its 

performance comparison of the 
simulated and fabricated antennas is 

need to be considered. 

A dual polarized patch antenna for 
broad band use on FR4 substrate is 

developed [28]. The envelope 

correlation co-efficient (ECC) of 
the antenna is substantially less 

than that which is needed. 

The antenna is manufactured using FR4, an 
incredibly affordable material, and it complies with 

all 5G mm wave specifications. It should be 

mentioned that FR4 substrate has a tan δ that is 
roughly thirty times higher than low-loss substrate 

materials. 

However, to develop high-
performance antennas, precise FR4 

substrate’s electrical properties in the 

mm wave frequency region are 
essential. 

A small triple-band MPA with 8 
symmetrical slots is presented in 

[29]. 

This antenna provides 3 simulated wide 3 dB ARBW 
at frequencies of 112.5, 152.2, and 161 MHz, which 

are higher than those found for similar designs. 

However, this antenna is limited to 
being utilized in microwave 

frequency band applications only. 

Aperture-fed annular ring 
microstrip antenna design is 

developed in [30]. 

The finite element technique is employed to examine 
the parameters of the developed design in order to 

attain the 50 Ω impedance with the highest front-to-

back ratio of the radiation pattern. 

However, the radiator substrate 
thickness is very important because a 

thinner radiator substrate wanted to 

transfer more power results in a lower 
gain. 

To decrease the size of traditional 

rectangular patch antennas, a new 
technique based on coupled 

microstrip patches is presented in 

[31]. 

This antenna offers both excellent radiation 

properties and significant design freedom at the same 
time. Excellent impedance and radiation properties 

make the tiny patch antenna a viable option for 

highly integrated wireless systems. 

However, it suffers from cross-

polarization. This issue impacts 
signal quality and system efficiency. 

A patch antenna with rectangular 

shape is developed that functions 

in the 3.3 GHz operating 
frequency [32]. 

It is a great choice for a variety of wireless 

communication applications because it is operate at 

3.30 GHz (S-Band). 

Nevertheless, utilizing a thick 

substrate reduces the accuracy 

because most microstrip antenna 
methods use a thin substrate 

approximation. 

A compact patch antenna with 

improved gain and super broad 

band is developed in [33]. 

Due to its extremely broad bandwidth and excellent 

mm-wave spectrum gain, it is better suited for usage 

in applications of mm-wave mobile base station and 

future 5G mm-wave communications. 

However, high directive radiators are 

needed in the mm-wave spectrum to 

offset route losses. 

A DGS-structured, smaller 5G 

MPA has been presented in [34]. 

Higher addition of 10 dB for excellent signal strength 

and increased transmission capacity of 6 GHz for 

excellent e-learning or instructing are features of the 
MPA. Individuals are able to download and transfer 

other 4K/8K super high quality content and 5G apps. 

However, this reception apparatus's 

shortcoming reduced its transmission 

capability and return misery. 

A rectangular microstrip antenna 
is presented for 5G applications in 

[35]. 

The developed antenna is a viable option for 5G 
communication since it provides the maximum 

throughput. 

However, because of losses brought 
on by surface waves and dielectric, 

MPAs frequently have a restricted 

bandwidth. 

 

 

3. ANTENNA DESIGN 

This study uses a microstrip line fed annular ring shape antenna to enhance mutual coupling, which 

further enhances impedance matching. The microstrip fed annular patch antenna with CSRR slots is 

developed to offer MTM properties. The MTMs help antennas to achieve high gain, directivity, multiband, or 

frequency-adjustable characteristics. The primary characteristics of MTMs, such as their negative 

permeability and permittivity, is employed to develop electrically tiny, highly directional, and reconfigurable 

antennas. The use of CSRR slots has enhanced the patch antenna's multiband resonance, enabling it to 

operate at a frequency suitable for 5G applications. Since ARPA are more compact than other circular and 

square regular patch antennas with circularly polarized (CP) characteristics, they have become particularly 

popular in 5G application. Figure 1 depicts the CSRR based ARPA’s structure. 

The ARPA is developed on a Rogers RT5880 substrate with a dielectric constant (εr) of 4.3, 

copper’s thickness (t) of 0.0035 cm, and thickness of substrate (h) of 0.16 cm. The total dimensions of 

ARPA are 3.5 × 3.2 × 0.16 cm and the microstrip feed's width and length are 0.127 and 1.75 cm, 

respectively. The components of an ARPA are as follows: 3 cm for patch width, 2.2 cm for patch length, 

0.12 cm for inset width (Wi), and 0.875 cm for inset length (Li). The outer radius is Ro = 0.55 cm and the 

inner radius is Ri = 0.25 cm. 
The circular patch on substrate’s one side and the CSRR structure on the right and left and the 

partial ground plane to increase the multiband resonance and impedance matching. The microstrip feed 
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excites the annular ring slots, which are generated in a concentric configuration. A circular radiating patches 

linked to a microstrip feed line develops the antenna. Table 2 depicts the parameters of ARPA. 

 

 

 
 

Figure 1. Structure of CSRR based ARPA 
 

 

Table 2. Parameters of the ARPA 
Parameters Value (cm) 

𝑊𝑝 3 

𝑊𝑖 0.12 

𝑊𝑓 0.127 

W 3.2 

𝑡 0.0035 

𝑅𝑖 0.25 

𝑅𝑜 0.55 

𝐿𝑝 2.2 

𝐿𝑖 0.875 

𝐿𝑓 1.75 

𝐿 3.5 

ℎ 0.16 

 

 

A kind of MTM based design known as CSRR provides negative permeability with an electrical 

length that is less than the operational wavelength. Since it is smaller in size, CSRR has been incorporated 

into the patch to cause the resonant frequency to shift towards the lower band and to stimulate the orthogonal 

excitation field, so introducing the characteristics of CP radiation. In order to minimize its size and facilitate 

CP behavior at lower frequencies, the antenna included a CSRR. The Rogers RT 5880 lossy dielectric 

substrate is layered with copper to create this resonator. On the outer side, the height of an inner ring 

is 0.38 cm, while the outer ring height is 0.63 cm. The width of an outer ring and an inner ring is 0.80 cm 

and 0.54 cm and the width gap between the inner ring is 0.10 cm. Figure 2 highlights the CSRR cell is fed by 

two ports on the left and right. The ARPA is designed with the goal of providing excellent radiation qualities 

while requiring a much smaller patch area than a rectangular patch antenna. Additionally, an annular ring 

patch is smaller than a circular patch at a particular operating frequency. This is due to the patch's slotting 

behavior, which lengthens the surface current's flow path and the ground plane is likewise thought to be 

smaller in size. The circular patch's outside radius is found using; 
 

𝑅𝑜 =
𝐹

{1+
2ℎ

𝜋𝜀𝑟𝐹
[𝑙𝑛(

𝜋𝐹

2ℎ
)+1.7726]}

1
2

 (1) 

 

where, 
 

𝐹 =
8.791×109

𝑓𝑟√𝜀𝑟
 (2) 
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Figure 2. Structure of CSRR 

 

 

4. RESULTS AND DISCUSSION 

This paper develops a MTM based ARPA for 5G applications. An EM designing software called 

CST Microwave Studio is employed to develop and model the ARPA structure. A comparison and electric 

field radiation pattern simulations are performed to study the properties of the developed work. 

Return loss, which is measured in dB, is the signal's power when it travels or returns to a transmitter 

from an antenna. Figure 3 displays the developed antenna's return loss characteristics. For all resonant 

frequencies, the developed antenna exhibits good impedance matching. The graph shows the minimal 

reflection loss at three distinct frequencies: −29.32 dB at 4.28 GHz, −19.78 dB at 6.32 GHz and 

−12.11 dB at 7.47 GHz. 
 
 

 
 

Figure 3. Return loss 
 

 

The voltage standing wave ratio (VSWR) response of the ARPA is displayed in Figure 4. It displays 

the power replicated from the antenna and for all bands that match the resonance frequencies of S11. 

According to the VSWR vs frequency plot, the antenna resonates at three resonant frequencies: 1.07 dB 

at 4.28 GHz, 1.23 dB at 6.32 GHz and 1.66 dB at 7.47 GHz. 
 
 

 
 

Figure 4. VSWR 
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Figure 5 represents the radiation efficiency of developed antenna for 3 distinct frequencies. The 

radiation efficiency is 74.5% at 4.28 GHz, 84.07% at 6.23 GHz and 79.4% at 7.45 GHz. From that, it is 

concluded that the 84.07% radiation efficiency is attained at 6.23 GHz. Thus, in Figures 3-5, the antenna 

exhibits optimal performance at distinct frequency bands indicated by 4.3 GHz, 6.23 GHz, and 7.5 GHz. 

 

 

 
 

Figure 5. Radiation efficiency 

 

 

The E and H-plane plots for the ARPA at 4.31 GHz are seen in Figures 6(a) and (b) respectively. 

The azimuth plane and the elevation plane are other names for these two planes. With 85.2˚ at the azimuth 

plane and 86.9° at the elevation plane, it is evident that the antenna has a 3 dB beam width. 

 

 

 
(a) 

 

 
(b) 

 

Figure 6. Radiation pattern at 4.31 GHz; (a) E-plane and (b) H-plane 
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The azimuth and elevation plane radiation curve of the ARPA on 6.24 GHz are represented in 

Figure 7. The ARPA has an angular width of 47.6° in E-plane as in Figure 7(a) and 97.4° in the H-plane as in 

Figure 7(b) at half power bandwidth (-3 dB). 

 

 

 
(a) 

 

 
(b) 

 

Figure 7. Radiation pattern at 6.24 GHz; (a) E-plane and (b) H-plane 

 

 

Figure 8 shows main lobe magnitude gain for Phi=90 degrees to be 5.65 dB, the side lobe level to be 

-1.6 dB and the 3 dB beam width to be 67.7 degrees. E-plane radiation pattern at 7.45 GHz as indicated in 

Figure 8(a). These values are -0.92 dB, −1.1 dB, and 49.1 degrees in Theta=90 degrees (H-plane) as 

mentioned in Figure 8(b). 

The 3-dimmension radiation curve of the ARPA at 4.31 GHz is revealed in Figure 9. In the field of 

EM, directivity refers to how much radiation an antenna generates and concentrates in a single direction. It 

represents the ratio of an antenna's average radiation intensity to the radiation intensity it emits in a single 

direction. It is evident that at 4.31 GHz, the radiation efficiency is -1.174 dB and its gain is 1.983 dB. 

Figure 10 illustrates the radiation curve of the ARPA at 6.24 GHz. An ARPA based on MTMs has a 

gain of 2.84 dB and an efficacy of -0.72 dB on 6.24 GHz. The 3D radiation curve of the ARPA on 7.45 GHz 

is displayed in Figure 11 and it has a gain of 5.65 dB with radiation efficiency of -1.02 dB. 

It is clear that the antenna portion and the CSRR receive the majority of the surface current.  

Figure 12 displays the surface current at the several operating bands of 4.31 GHz in Figure 12(a), 6.24 GHz 

in Figure 12(b), and 7.45 GHz in Figure 12(c). This indicates that the inclusion of the CSRR is responsible 

for the impedance matching. 

 

 



Bulletin of Electr Eng & Inf ISSN: 2302-9285  

 

Design and analysis of metamaterial-inspired annular ring patch antenna for 5G … (Vishu Vidyadharan) 

1193 

 
(a) 

 

 
(b) 

 

Figure 8. Radiation pattern at 7.45 GHz; (a) E-plane and (b) H-plane 
 

 

 
 

Figure 9. Radiation pattern at 4.31 GHz 
 

 

 
 

Figure 10. Radiation pattern at 6.24 GHz 
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Figure 11. Radiation pattern at 7.45 GHz 
 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 12. Surface current; (a) 4.31 GHz –gain 1.98 dB, (b) 6.24 GHz –gain 2.84 dB, and (c) 7.45 GHz –gain 

5.65 dB 



Bulletin of Electr Eng & Inf ISSN: 2302-9285  

 

Design and analysis of metamaterial-inspired annular ring patch antenna for 5G … (Vishu Vidyadharan) 

1195 

Tolerances in CSRR fabrication play a crucial role, as even small deviations in the etching 

dimensions or alignment of the resonator can shift the resonant frequencies, affect impedance matching and 

degrade gain. In this concept, the CSRR line width and gap width exhibits a tolerance value of ±0.05 mm. In 

terms of thermal stability and environmental performance, the use of Rogers RT5880 substrate ensures low 

dielectric loss, stable permittivity and minimal performance variation over temperature changes, making the 

antenna suitable for outdoor 5G deployments where it may be exposed to fluctuating thermal and humidity 

conditions. Furthermore, when evaluating cost, the incorporation of CSRR structures slightly increases 

design and fabrication complexity compared with conventional patch antennas; however, the performance 

benefits such as wider bandwidth, higher gain and improved radiation efficiency outweigh the marginal cost 

increment. Figure 13 represents the comparison of return loss with different antennas and the developed 

antenna. The developed antenna attains the highest return loss of -12.11 dB which is better than compact 

slotted MSA [36] and ARPA [37]. 

 

 

 
 

Figure 13. Comparison of return loss 

 

 

The gain comparison of developed antenna with other antennas is displayed in Figure 14. The 

developed antenna outperforms than other antennas (Compact slotted MSA [36], MTM patch antenna [38], 

and dual band patch antenna [39]) with gain 5.65 dB. Figure 15 highlights the comparison of radiation 

efficiency with different antennas and the developed antenna, which attains the largest radiation efficiency of 

84.07% that is better than compact slotted MSA [37] and low profile slotted MTM [1]. The comparison for 

dimension of a developed antenna with MPA [40] and dual band antenna [41] is shown in Table 3. 

 

 

  

 

Figure 14. Analysis of gain 

 

Figure 15. Analysis of radiation efficiency 

 

 

Table 3. Comparison of dimension 
References Dimension (mm) 

[40] 20 × 20 × 1.6 

[41] 180 × 60 

Proposed antenna 35 × 32 × 1.6 

 

 

Table 4 presents a comparison of the simulated and measured performance values of the proposed 

MTM-based ARPA at its three resonant frequencies. The return loss (S11) results exhibit simulated values of 
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–29.32 dB, –19.78 dB, and –12.11 dB corresponding to measured values of –27.6 dB, –18.9 dB, and  

–11.4 dB at 4.3 GHz, 6.2 GHz, and 7.5 GHz, respectively, confirming excellent impedance matching in both 

simulation and practice. Similarly, the VSWR values remain below 2 in all cases, with only minor deviations 

between simulated (1.07, 1.23, 1.66) and measured (1.12, 1.29, 1.71) responses, ensuring effective power 

transfer. Radiation efficiency also shows strong consistency, with the simulated results of 74.5%, 84.07%, 

and 79.4% closely aligning with measured efficiencies of 72.8%, 82.9%, and 78.6% across the three bands. 
 

 

Table 4. Comparison of simulated and measured values 

Frequency (GHz) 
Return loss (S11) VSWR Radiation efficiency (%) 

Simulated value Measured value Simulated value Measured value Simulated value Measured value 

4.28/4.3 -29.32 -27.6 1.07 1.12 74.5 72.8 
6.32/6.2 -19.78 -18.9 1.23 1.29 84.07 82.9 

7.47/7.5 -12.11 -11.4 1.66 1.71 79.4 78.6 

 

 

Table 5 compares the simulated and measured gain values of the proposed ARPA at its resonant 

frequencies. At 4.3 GHz, the simulated gain of 1.98 dB closely matches the measured value of 1.85 dB. 

Similarly, at 6.2 GHz, the simulated gain of 2.84 dB corresponds well with the measured gain of 2.73 dB. 

The peak gain is observed at 7.5 GHz, where the antenna achieves 5.65 dB in simulation and 5.40 dB in 

measurement. 
 

 

Table 5. Comparison of gain 
Frequency (GHz) Simulated gain (dB) Measured gain (dB) 

4.31/4.3 1.98 1.85 

6.24/6.2 2.84 2.73 

7.45/7.5 5.65 5.40 

 

 

4.1. Empirical validation 

The fabricated MTM-based ARPA prototype is experimentally characterized using an 

Agilent/Keysight Vector Network Analyzer (VNA) operating in the 1–10 GHz frequency range. The S11 

parameter is recorded under lab conditions, and the results confirm close alignment with the simulated 

predictions. At 4.3 GHz, the measured return loss reached –27.6 dB compared to –29.32 dB in simulation, 

while at 6.2 GHz and 7.5 GHz, the measured values are –18.9 dB and –11.4 dB, respectively, against 

simulated values of –19.78 dB and –12.11 dB. These results validate excellent impedance matching across 

the operating bands. The corresponding VSWR remained below 2 for all resonant frequencies, ensuring 

effective power transfer from the feed to the radiating patch. The minor discrepancies observed are attributed 

to fabrication tolerances and connector losses, which are common in practical antenna testing. Overall, the 

VNA measurements confirm the robustness and practical feasibility of the proposed ARPA design. 

The proposed MTM-based ARPA design can be effectively deployed in practical 5G hardware and 

smart antenna arrays due to its compact size, multiband operation and stable gain performance. Its ability to 

achieve strong impedance matching and high radiation efficiency across multiple frequency bands makes it 

highly suitable for integration into 5G user equipment, base stations and internet of things (IoT) devices 

where miniaturization and efficiency are critical. In smart antenna arrays, multiple units of the proposed 

design can be arranged in phased or massive multiple-input multiple-output configurations to provide beam 

steering, spatial diversity and improved spectral efficiency, thereby addressing the high data-rate and low-

latency requirements of 5G systems. Moreover, the metamaterial-based CSRR loading enhances bandwidth 

and gain without increasing antenna size, enabling dense integration into compact 5G modules. With further 

optimization, the design can be used for applications such as vehicular communication, wearable devices and 

small-cell deployments, ensuring reliable multi-band connectivity in next-generation wireless networks. 

 

 

5. CONCLUSION 

This research proposes an ARPA on the basis of metamaterials for 5G applications. With the 

incorporation of CSRR metamaterial structures into MPA designs, new possibilities for 5G applications are 

made possible by improving parameters including gain, bandwidth and efficiency, with a maximum gain of 

5.65 dB and a high radiation efficiency of 84.07%. The proposed work is evaluated using CST Microwave 

Studio software to operate in 5G applications. The performance of the ARPA has been compared to that of 

conventional antennas in terms of gain, VSWR, return loss to show the prominence of the developed work. 

The simulations of the radiation curves in the elevation and azimuth planes with good radiation 
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characteristics make it appropriate for 5G applications. Based on the obtained outcomes, the developed 

antenna is a tough contender for 5G wireless applications. However, the design relies on precise fabrication 

of the CSRR structure, meaning that small dimensional tolerances or substrate inconsistencies can cause 

frequency shifts and degrade performance. Additionally, the antenna’s performance may be influenced by 

environmental factors such as temperature variation, humidity, or mechanical stress, which can alter 

dielectric properties and long-term reliability. The future scope of this concept includes extending the design 

for wideband and multiband operation, integrating it into MIMO and beam forming architectures, and 

exploring flexible or conformal substrates for wearable and IoT-based 5G devices. 

 

 

FUNDING INFORMATION 

Authors state no funding involved. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Vishu Vidyadharan ✓ ✓   ✓ ✓  ✓ ✓ ✓     

Sivagnanam 

Sivaramalingam 

 ✓  ✓ ✓     ✓ ✓ ✓ ✓  

Lekshmi Kanthan 

Padma Suresh 

 ✓ ✓ ✓  ✓ ✓   ✓  ✓ ✓  

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing -Original Draft 

E : Writing - Review &Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

Authors have no conflicts of interest relevant to this article to declare. 

 

 

DATA AVAILABILITY 

Data are available from the author upon reasonable request. 

 

 

REFERENCES 
[1] R. Krishnamoorthy, T. Sathish, and M. Ramesh, “Design of innovative triangular microstrip patch antenna in comparison with 

rectangular microstrip patch antenna to improve gain for 5G applications,” in AIP Conference Proceedings, vol. 2853, no. 1, 
2024, doi: 10.1063/5.0203733. 

[2] H. M. Marhoon, N. Qasem, N. Basil, and A. R. Ibrahim, “Design and Simulation of a Compact Metal-Graphene Frequency 

Reconfigurable Microstrip Patch Antenna with FSS Superstrate for 5G Applications,” International Journal on Engineering 
Applications, vol. 10, no. 3, pp. 193–201, May 2022, doi: 10.15866/irea.v10i3.21752. 

[3] M. Sowe, D. B. O. Konditi, and P. K. Langat, “A Compact High-Gain Microstrip Patch Antenna with Improved Bandwidth for 

5G Applications,” International Journal of Electrical and Electronics Research, vol. 10, no. 2, pp. 196–201, 2022, doi: 
10.37391/IJEER.100225. 

[4] E. Suganya, T. A. J. M. Pushpa, and T. Prabhu, “Advancements in Patch Antenna Design for Sub-6 GHz 5G Smartphone 

Application: A Comprehensive Review,” Wireless Personal Communications, vol. 137, no. 4, pp. 2217–2252, Aug. 2024, doi: 
10.1007/s11277-024-11484-7. 

[5] K. Srividhya and P. Jothilakshmi, “Compact coradiator dual polarized MIMO antenna for future 5G, emerging 6G and IoT 

applications,” Engineering Science and Technology, an International Journal, vol. 51, p. 101609, Mar. 2024, doi: 
10.1016/j.jestch.2023.101609. 

[6] M. Usman, E. Kobal, J. Nasir, Y. Zhu, C. Yu, and A. Zhu, “Compact SIW Fed Dual-Port Single Element Annular Slot MIMO 

Antenna for 5G mmWave Applications,” IEEE Access, vol. 9, pp. 91995–92002, 2021, doi: 10.1109/ACCESS.2021.3091835. 
[7] K. A. Alblaihed, A. Abohmra, M. U. Rehman, Q. H. Abbasi, M. A. Imran, and L. Mohjazi, “Wideband Series-Fed Patch Antenna 

Array With High Gain and Low Sidelobe: Linearly and Circularly Polarized for 5G V2X Applications,” IEEE Open Journal of 

Antennas and Propagation, vol. 5, no. 6, pp. 1580–1591, Dec. 2024, doi: 10.1109/OJAP.2024.3424330. 
[8] H. T. Sediq, J. Nourinia, C. Ghobadi, and B. Mohammadi, “A Novel Eye-shaped Monopole Antenna for Wideband and 5G 

Applications,” IETE Journal of Research, vol. 69, no. 3, pp. 1283–1293, Apr. 2023, doi: 10.1080/03772063.2020.1859959. 



   ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 15, No. 2, April 2026: 1186-1199 

1198 

[9] A. K. Yadav, S. Lata, and S. K. Singh, “Design and Investigation of a Double-Damru (Pellet Drum)-Shaped CPW-Fed Microstrip 

Patch Antenna for 5G Wireless Communications,” Journal of Electronic Materials, vol. 52, no. 7, pp. 4400–4412, Jul. 2023, doi: 
10.1007/s11664-023-10414-w. 

[10] P. Rawal and S. Rawat, “A novel S-shaped frequency and pattern reconfigurable patch antenna for 4G LTE, WLAN/Wi-Max 

application,” Microelectronics International, vol. 41, no. 1, pp. 26–31, Jan. 2024, doi: 10.1108/MI-09-2022-0162. 
[11] K. S. N. Bhavana and T. Prabu, “Design and analysis of novel T-shaped microstrip patch antenna for C-band applications and 

comparing its gain performance with rectangular microstrip,” in AIP Conference Proceedings, Sep. 2024, vol. 2871, no. 1, pp. 

030045, doi: 10.1063/5.0228006. 
[12] A. R. O. Khan, M. Anab, A. Sultan, and S. M. Shah, “Millimeter-Wave Rectangular Microstrip Patch Antenna Design For 5G 

Applications,” Webology, vol. 19, no. 2, pp. 6782–6793, 2022. 

[13] A. K. Vallappil, B. A. Khawaja, M. K. A. Rahim, M. N. Iqbal, and H. T. Chattha, “Metamaterial-Inspired Electrically Compact 
Triangular Antennas Loaded with CSRR and 3 × 3 Cross-Slots for 5G Indoor Distributed Antenna Systems,” Micromachines, vol. 

13, no. 2, pp. 1–16, Jan. 2022, doi: 10.3390/mi13020198. 

[14] S. M. Shamim, U. S. Dina, N. Arafin, and S. Sultana, “Design of Efficient 37 GHz Millimeter Wave Microstrip Patch Antenna for 
5G Mobile Application,” Plasmonics, vol. 16, no. 4, pp. 1417–1425, Aug. 2021, doi: 10.1007/s11468-021-01412-x. 

[15] R. Tiwari, R. Sharma, and R. Dubey, “Microstrip Patch Antenna Array Design Anaylsis for 5G Communication Applications,” 

Smart Moves Journal Ijoscience, vol. 6, no. 5, pp. 1–5, May 2020, doi: 10.24113/ijoscience.v6i5.287. 
[16] S. Thankachan and B. Paul, “Dual Band Electrically Small Complementary Double Negative Structure Loaded Metamaterial 

Inspired Circular Microstrip Patch Antenna for WLAN Applications,” Applied Sciences, vol. 12, no. 6, pp. 1–13, Mar. 2022, doi: 

10.3390/app12063035. 
[17] K. D. Bhavani, B. T. P. Madhav, S. Das, N. Hussain, S. S. Ali, and K. V. Babu, “Development of Metamaterial Inspired Non-

Uniform Circular Array Superstate Antenna Using Characteristic Mode Analysis,” Electronics, vol. 11, no. 16, pp. 1–16, Aug. 

2022, doi: 10.3390/electronics11162517. 
[18] J. M. Rojas, M. Reyes-Ayala, E. A. Andrade-Gonzalez, S. Chavez-Sanchez, H. Terres-Peña, and R. Rodriguez-Rivera, “2 x 1 

Rectangular-Patch Antenna Array at 2.4 GHz,” WSEAS Transactions on Communications, vol. 22, pp. 49-57, 2023, doi: 
10.37394/23204.2023.22.5. 

[19] H. M. AlSabbagh, T. A. Elwi, Y. Al-Naiemy, and H. M. Al-Rizzo, “A compact triple-band metamaterial-inspired antenna for 

wearable applications,” Microwave and Optical Technology Letters, vol. 62, no. 2, pp. 763–777, Feb. 2020, doi: 
10.1002/mop.32067. 

[20] G. H. Khouser, Y. K. Choukiker, and A. Bhowmick, “Gain Enhancement in Microstrip Patch Antenna With High Negative 

Refractive Index 3D-Metamaterial Inspired Superstrate for Wireless Applications,” IEEE Access, vol. 12, pp. 7372–7381, 2024, 
doi: 10.1109/ACCESS.2024.3352118. 

[21] N. T. Selvi, P. T. Selvan, S. P. K. Babu, and R. Pandeeswari, “Multiband metamaterial-inspired antenna using split ring 

resonator,” Computers and Electrical Engineering, vol. 84, p. 106613, Jun. 2020, doi: 10.1016/j.compeleceng.2020.106613. 
[22] M. J. Alam and S. I. Latif, “Double-Split Rectangular Dual-Ring DNG Metamaterial for 5G Millimeter Wave Applications,” 

Electronics, vol. 12, no. 1, pp. 1–15, Dec. 2023, doi: 10.3390/electronics12010174. 

[23] M. Alsharari, R. Agravat, S. Lavadiya, A. Armghan, K. Aliqab, and S. K. Patel, “Design and development of hexagonal-shaped 
copper and liquid metamaterial-loaded superstrate patch antenna for 5G, WLAN, tracking and detection applications,” Ain Shams 

Engineering Journal, vol. 16, no. 1, pp. 1–25, Jan. 2025, doi: 10.1016/j.asej.2024.103236. 

[24] U. Singh, A. Ahmed, and J. Mukherjee, “Microstrip Patch Antenna as Sensor Based on Metamaterial Integrated Structures for 
Noninvasive Characterization of Biological Materials,” IEEE Sensors Journal, vol. 24, no. 7, pp. 9970–9981, Apr. 2024, doi: 

10.1109/JSEN.2024.3365526. 

[25] U. Aras et al., “Dual Features, Compact Dimensions and X-Band Applications for the Design and Fabrication of Annular Circular 
Ring-Based Crescent-Moon-Shaped Microstrip Patch Antenna,” Micromachines, vol. 15, no. 7, pp. 1–13, Jun. 2024, doi: 

10.3390/mi15070809. 

[26] O. Ossa-Molina and F. López-Giraldo, “A simple model to compute the characteristic parameters of a slotted rectangular 
microstrip patch antenna,” Electronics, vol. 11, no. 1, pp. 1–17, Jan. 2022, doi: 10.3390/electronics11010129. 

[27] C. Mukta, M. Rahman, and A. Z. M. T. Islam, “Design of a Compact Circular Microstrip Patch Antenna for WLAN 

Applications,” International Journal on Adhoc Networking Systems, vol. 11, no. 03, pp. 01–11, Jul. 2021, doi: 
10.5121/ijans.2021.11301. 

[28] G. Kim and S. Kim, “Design and Analysis of Dual Polarized Broadband Microstrip Patch Antenna for 5G mmWave Antenna 

Module on FR4 Substrate,” IEEE Access, vol. 9, pp. 64306–64316, 2021, doi: 10.1109/ACCESS.2021.3075495. 
[29] R. Dhara and M. Mitra, “A triple-band circularly polarized annular ring antenna with asymmetric ground plane for wireless 

applications,” Engineering Reports, vol. 2, no. 4, pp. 1–17, Apr. 2020, doi: 10.1002/eng2.12150. 

[30] K. L. Wong, H. C. Kao, and W. Y. Li, “Wideband Low-Profile Eight-Port Eight-Wave Annular-Ring Patch Antenna Based on 
Using Eight Dual-Shorted Dual-Resonant Ring Sectors for 8 × 8 MIMO Mobile Devices,” IEEE Access, vol. 11, pp. 18–32, 2023, 

doi: 10.1109/ACCESS.2022.3232606. 

[31] Z. Shao and Y. Zhang, “A Single-Layer Miniaturized Patch Antenna Based on Coupled Microstrips,” IEEE Antennas and 
Wireless Propagation Letters, vol. 20, no. 5, pp. 823–827, May 2021, doi: 10.1109/LAWP.2021.3064908. 

[32] M. I. Hossain, M. T. Ahmed, and M. H. Kabir, “Design of Rectangular Microstrip Patch Antenna at 3.3 GHz Frequency for S-

band Applications,” International Journal of Engineering and Manufacturing, vol. 12, no. 4, pp. 46–52, Aug. 2022, doi: 
10.5815/ijem.2022.04.05. 

[33] P. Ramanujam, C. Arumugam, R. Venkatesan, and M. Ponnusamy, “Design of compact patch antenna with enhanced gain and 

bandwidth for 5G mm-wave applications,” IET Microwaves, Antennas and Propagation, vol. 14, no. 12, pp. 1455–1461, Oct. 
2020, doi: 10.1049/iet-map.2019.0891. 

[34] A. P. Bharathi, D. P. Kannan, S. Maheswari, and D. S. Veluchamy, “A Compact Microstrip Patch Antenna using DGS for 5G 

Applications,” International Journal of Emerging Trends in Engineering Research, vol. 9, no. 4, pp. 342–346, 2021, doi: 
10.30534/ijeter/2021/01942021. 

[35] R. Przesmycki, M. Bugaj, and L. Nowosielski, “Broadband microstrip antenna for 5g wireless systems operating at 28 GHz,” 

Electronics, vol. 10, no. 1, pp. 1–19, Dec. 2021, doi: 10.3390/electronics10010001. 
[36] P. M. Teresa and G. Umamaheswari, “Compact Slotted Microstrip Antenna for 5G Applications Operating at 28 GHz,” IETE 

Journal of Research, vol. 68, no. 5, pp. 3778–3785, Sep. 2022, doi: 10.1080/03772063.2020.1779620. 

[37] N. Gupta and R. Singh, “An annular ring microstrip patch antenna for multiband applications,” International Journal of 
Engineering Research & Technology (IJERT), vol. 4, no. 3, pp. 1087–1091, 2015. 



Bulletin of Electr Eng & Inf ISSN: 2302-9285  

 

Design and analysis of metamaterial-inspired annular ring patch antenna for 5G … (Vishu Vidyadharan) 

1199 

[38] F. Z. Moussa, S. Ferouani, and Y. Belhadef, “New Design of Metamaterial Miniature Patch Antenna with DGS for 5G Mobile 
Communications,” Microwave Review, vol. 28, no. 2, pp. 9–16, 2022. 

[39] Y. Belhadef, F. Z. Moussa, and S. Ferouani, “Design of a Miniature Dual-Band Patch Antenna Based on Meta-Materials for 5G 

and Wi-Fi Applications,” Engineering Proceedings, vol. 14, no. 1, pp. 1–8, Feb. 2022, doi: 10.3390/engproc2022014013. 
[40] E. K. I. Hamad and A. Abdelaziz, “Metamaterial superstrate microstrip patch antenna for 5G wireless communication based on 

the theory of characteristic modes,” Journal of Electrical Engineering, vol. 70, no. 3, pp. 187–197, 2019, doi: 10.2478/jee-2019-

0027. 
[41] A. K. Arya, S. J. Kim, and S. Kim, “A dual-band antenna for LTE-R and 5G lower frequency operations,” Progress in 

Electromagnetics Research Letters, vol. 88, pp. 113–119, 2019, doi: 10.2528/pierl19081502. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Vishu Vidyadharan     research scholar in the Department of Electronics and 

Communication Engineering at Annamalai University, Tamil Nadu. His current research areas 

of interest is analog and digital circuits, communication systems, and embedded systems. He 

can be contacted at email: vishuvidyas@gmail.com. 

  

 

Sivagnanam Sivaramalingam     received the B.E. Degree in Electronics and 

Communication Engineering from Manonmaniam Sundaranar University, Tirunelveli, 

Tamilnadu, India and M.E Degree in Process Control and Instrumentation Engineering from 

Annamalai University, Annamalainagar, India and he received his Ph.D. Degree from the 

Department of Electronics and Communication Engineering at Annamalai University, 

Chidambaram, India, in 2020. He is currently working as Assistant Professor of Electronics 

and Communication Engineering at Annamalai University, Annamalainagar, India. His 

research interest is design of microstrip patch antenna for UWB wireless applications, 

microwave engineering, and patch antenna for IoT application. He can be contacted at email: 

sivadots@gmail.com. 

  

 

Lekshmi Kanthan Padma Suresh     (Senior Member, IEEE) was born in Tamil 

Nadu, India, in 1977. He received the B.E. Degree in Electrical and Electronics Engineering 

from the Noorul Islam College of Engineering, Kumarakovil, India, in 1999, the M.E. Degree 

in Process Control and Instrumentation from Annamalai University, Annamalai Nagar, India, 

in 2000, the Ph.D. Degree in Electrical Engineering from the Dr. M. G. R. Educational and 

Research Institute, Chennai, India, in 2010, and the Ph.D. Degree in Computer Science 

Engineering from Manonmaniam Sundaranar University, Tirunelveli, India. He has 25 years 

of diverse experience in teaching and research. He is currently the Principal of the Baselios 

Mathews II College of Engineering, Kollam, India. His current research interests include 

artificial intelligence, control systems, power electronics, and image processing. He is also a 

Life Member of ISTE. He can be contacted at email: padmasuresh77@gmail.com. 

 

https://orcid.org/0009-0002-7402-1149
https://orcid.org/0000-0001-7755-8414
https://scholar.google.com/citations?user=ESbj3LoAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57209249874
https://orcid.org/0000-0001-8939-1113
https://scholar.google.com/citations?user=4xL9ua8AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=54917154800
https://www.webofscience.com/wos/author/record/37615899

