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ABSTRACT  ARTICLE INFO 

The low antenna performance is a concern for researchers to overcome 
in modern technology. As an effort to overcome this problem, the 
application of the metamaterial structure to the antenna was carried out 
to increase the antenna parameters. This study aims to analyze the 
effect of antenna performance due to the influence of variations in the 
combination and radius of the SRR hexagonal metamaterial. The 
research was conducted in a simulation, starting with designing the 
antenna structure with the metamaterial of two rings into a resonator 
with a radius variation of 2.5 mm and 2.7 mm, then combining one to 
four hexagonal SRRs. The results showed that the highest antenna 
performance was obtained from a combination of four hexagonal SRRs 
for a radius of 2.7 mm with parameter values in the form of return loss -
38.95 dB, a bandwidth of 7.88 GHz at a working frequency of 1.12 – 9.00 
GHz and a gain of 5.92 dBi. 
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1. INTRODUCTION 

Microstrip antennas have several advantages compared to conventional microwave antennas. 

However, microstrip antennas present several disadvantages such as limited bandwidth, low gain, and 

reduced radiation power [1-4]. Several innovations have been made to overcome these problems, 

including implementing metamaterial structures into antenna objects [5, 6]. The application of 

metamaterials to improve antenna parameters in the last decade [7-10]. 

Metamaterials are artificial periodic structures consisting of structural elements with negative 

of permittivity and permeability that carry sub-wavelengths at certain resonant frequencies [11, 12]. 

Metamaterials can be applied in sensing antennas because they offer high miniaturization which makes 

them highly sensitive to environmental changes and also shows their suitability for sensing materials 

including solid dielectrics [13-15]. The type of metamaterial structure used is a split ring resonator 

(SRR). Various types of metamaterial structures have been developed, such as square, circular, rod, 

and other SRR structures [16-21]. The hexagonal SRR structure metamaterial will be used in this 

research because it is rarely found. In addition, the hexagonal structure has the potential for greater 

resonance [22-24]. This research aims to analyze the comparison of antenna performance from the 

influence of the metamaterial structure implemented by varying the amount of unit and SRR radius. 

2. RESEARCH METHODS 

Based on Figure 1, this research will begin with a literature study regarding the basic 

properties of metamaterials and studying the concept of microstrip antennas. Then identify and start 
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designing a hexagonal metamaterial structure in the form of an SRR and its application in microstrip 

antenna applications using CST Studio Suite software. The simulation identifies metamaterial 

properties by analyzing S-parameter data from the simulation results to obtain refractive index values 

through computation using Matlab software. After that, redesign the shape of the hexagonal structure 

whose metamaterial properties have been identified into an antenna application with a combination of 

the SRR-H structure, then start the simulation with the Start Simulation command in the CST menu. 

Data analysis and interpretation of simulation and experimental results were obtained in the form of 

antenna parameter values such as return loss, VSWR, gain, and directivity. 

 

Figure 1. Research flow. 

3. RESULTS AND DISCUSSIONS 

The metamaterial structure that has been implemented on the antenna object has a very 

significant influence. Antenna performance becomes more varied with the presence of metamaterial 

structures. Figure 2 (a) and (b) shows the antenna return loss with various combinations of one (A1), 

two (A2), three (A3), and four (A4). Apart from that, the SRR radius is also varied by 2.5 mm and 2.7 

mm. 

  
(a) (b) 

Figure 2. Return loss for various combinations of radii (a) 2.5 mm and (b) 2.7 mm. 
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The significant change in return loss explains that the antenna is more sensitive in the presence 

of metamaterial [13]. By varying the combination of metamaterials, the resulting differences are 

visible as shown in Figure 2. In addition, by varying the SRR radius, the antenna return loss only 

experiences small changes in the resonance frequency. The highest antenna performance results from a 

combination of four hexagonal SRR metamaterials of radii 2.5 mm and 2.7 mm which are respectively 

-41.21 dB and -38.95 dB at a resonant frequency of 6 GHz. However, at a resonant frequency of 1.75 

GHz, the highest return loss is produced by an antenna with a combination of three hexagonal SRR 

metamaterials. 

  
(a) (b) 

Figure 3. Antenna gain for various combinations of radii (a) 2.5 mm and (b) 2.7 mm. 

Another parameter of the antenna that can determine whether the antenna's performance is 

good or not is the gain. These parameters are generated based on the influence of bandwidth and return 

loss [25]. The implementation of metamaterials in the antenna provides clear differences in gain with 

variations in combination and SRR radius (see Figure 3). The highest gain resulted from a 

combination of four metamaterials of radii 2.5 mm and 2.7 mm, respectively 5.81 dBi and 5.92 dBi at 

a frequency of 7.67 GHz. Gain results from the largest bandwidth from 1.12 – 9.00 GHz and the 

highest return loss. 

4. CONCLUSION 

The combined metamaterial structure antenna of one to four hexagonal SRRs produces an 

increase in antenna parameters with an average increase of 30% in return loss and 10% in gain. The 

highest parameters are produced by a metamaterial antenna combining four hexagonal SRRs with a 

radius of 2.7 mm with a maximum return loss value of -38.95 dB, a bandwidth of 7.88 GHz in a 

working frequency of 1.12 – 9.00 GHz, and a gain of 5.92 dBi. 

REFERENCES 
[1] Mohammed, A. S., Kamal, S., Ain, M. F., Ahmad, Z. A., Ullah, U., Othman, M., Hussin, R. & 

Rahman, M. F. A. (2019). Microstrip patch antenna: A review and the current state of the art. 

Journal of Advanced Research in Dynamical and Control Systems, 11(7), 510–524. 

[2] Zamri, Z. & Soerbakti, Y. (2022). Determination of the most effective wifi signal intensity area 

in an enclosed room. Science, Technology and Communication Journal, 2(2), 69–72. 

[3] Defrianto, D., Wirianto, H., & Malik, U. (2023). Acoustic wave propagation model in the 

surface layer area based on the Runge-Kutta method. Sci. Technol. Commun. J., 3(2), 41–48. 

[4] Soerbakti, Y., Saktioto, S., Dewi, R., & Rini, A. S. (2022). A review-Integrasi lapisan tipis ZnO 

pada aplikasi metamaterial sebagai wujud potensi sensor ultra-sensitif dan multi-deteksi. 

Seminar Nasional Fisika Universitas Riau VII (SNFUR-7), 7, 1–9. 



 

Science, Technology and Communication Journal, 4(1), 1-4, October 2023 

4 

[5] Milias, C., Andersen, R. B., Lazaridis, P. I., Zaharis, Z. D., Muhammad, B., Kristensen, J. T., 

Mihovska, A., & Hermansen, D. D. (2021). Metamaterial-inspired antennas: A review of the 

state of the art and future design challenges. IEEE Access, 9, 89846–89865. 

[6] RoyChoudhury, S., Rawat, V., Jalal, A. H., Kale, S. N., & Bhansali, S. (2016). Recent advances 

in metamaterial split-ring-resonator circuits as biosensors and therapeutic agents. Biosensors 

and Bioelectronics, 86, 595–608. 

[7] Varamini, G., Keshtkar, A., & Naser-Moghadasi, M. (2018). Compact and miniaturized 

microstrip antenna based on fractal and metamaterial loads with reconfigurable qualification. 

AEU-International Journal of Electronics and Communications, 83, 213–221. 

[8] Krzysztofik, W. J. & Cao, T. N. (2018). Metamaterials in application to improve antenna 

parameters. Metamaterials and metasurfaces, 12(2), 63–85. 

[9] Rezki, Y. P., Syahputra, R. F., & Ginting, D. (2023). Design and testing of circular 

metamaterial-based salinity sensors. Science, Technology and Communication Journal, 3(3). 

[10] Defrianto, D., Soerbakti, Y., Syahputra, R. F., & Saktioto, S. (2020). Analisis kinerja antena 

berdasarkan pengaruh variasi kombinasi dan jarijari metamaterial heksagonal struktur split ring 

resonator. Seminar Nasional Fisika Universitas Riau V (SNFUR-5), 5, 1–4. 

[11] Kundu, S. & Jana, S. K. (2018). Leaf‐shaped CPW‐fed UWB antenna with triple notch bands 

for ground penetrating radar applications. Microwave and Optical Technology Letters, 60(4). 

[12] Gamal, M. D. H., Soerbakti, Y., Zamri, Z., Syahputra, R. F., & Saktioto, S. (2020). Investigasi 

karakteristik anomali indeks bias negatif metamaterial array struktur split ring resonator. 

Seminar Nasional Fisika Universitas Riau V (SNFUR-5), 5(1), 1–4. 

[13] Paracha, K. N., Rahim, S. K. A., Soh, P. J., & Khalily, M. (2019). Wearable antennas: A review 

of materials, structures, and innovative features for autonomous communication and sensing. 

IEEE Access, 7, 56694–56712. 

[14] Kairm, H., Delfin, D., Shuvo, M. A. I., Chavez, L. A., Garcia, C. R., Barton, J. H., Gaytan, S. 

M., Cadena, M. A., Rumpf, R. C., Wicker, R. B., Lin, Y., & Choudhuri, A. (2014). Concept and 

model of a metamaterial-based passive wireless temperature sensor for harsh environment 

applications. IEEE Sensors Journal, 15(3), 1445–1452. 

[15] Puspita, W., Defrianto, D., & Soerbakti, Y. (2021). Prediksi kadar particulate matter (PM10) 

menggunakan jaringan syaraf tiruan di Kota Pekanbaru. Komunikasi Fisika Indonesia, 18(1), 1. 

[16] Engheta, N. & Ziolkowski, R. W. (2006). Metamaterials: physics and engineering explorations. 

John Wiley & Sons. 

[17] Idrus, I. N., Faruque, M. R. I., Abdullah, S., Khandaker, M. U., Tamam, N., & Sulieman, A. 

(2022). An oval-square shaped split ring resonator based left-handed metamaterial for satellite 

communications and radar applications. Micromachines, 13(4), 578. 

[18] Samanta, S. K., Pradhan, R., & Syam, D. (2021). Theoretical approach to verify the resonance 

frequency of a square split ring resonator. JOSA B, 38(10), 2887-2897. 

[19] Harnsoongnoen, S. (2019). Microwave sensors based on coplanar waveguide loaded with split 

ring resonators: A review. Applied Science and Engineering Progress, 12(4), 224-234. 

[20] Bogue, R. (2017). Sensing with metamaterials: a review of recent developments. Sensor Review, 

37(3), 305-311. 

[21] Prakash, D. & Gupta, N. (2022). Applications of metamaterial sensors: A review. International 

Journal of Microwave and Wireless Technologies, 14(1), 19–33. 

[22] Saktioto, T., Syahputra, R. F., Punthawanunt, S., Ali, J., & Yupapin, P. (2017). GHz frequency 

filtering source using hexagonal metamaterial splitting ring resonators. Microwave and Optical 

Technology Letters, 59(6), 1337–1340. 

[23] Saktioto, Soerbakti, Y., Syahputra, R. F., Gamal, M. D. H., Irawan, D., Putra, E. H., Darwis, R. 

S., & Okfalisa. (2022). Improvement of low-profile microstrip antenna performance by 

hexagonal-shaped SRR structure with DNG metamaterial characteristic as UWB application. 

Alexandria Engineering Journal, 61(6), 4241-4252. 

[24] Soerbakti, Y., Syahputra, R. F., Saktioto, S., & Gamal, M. D. H. (2020). Investigasi kinerja 

antena berdasarkan dispersi anomali metamaterial struktur heksagonal split ring resonator. 

Komunikasi Fisika Indonesia, 17(2), 74–79. 

[25] Saidah, S. (2016). Optimasi gain antena mikrostrip berdasarkan data geometri sel metamaterial 

CSRR melalui desain dan simulasi. Prosiding Seminar Teknik Elektro dan Informaika,130–134. 


