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In this paper, a closed square ring resonator (RR) loaded microstrip patch antenna is proposed for ISM 

band applications covering a frequency band of 2.2-2.5 GHz. The advantages of microstrip antennas are 

light weight, low cost, ease of fabrication, and they can be integrated easily with microwave integrated cir-

cuits. The presented antenna model is designed by loading it in FR-4 substrate which is sandwiched be-

tween the patch and the ground with feedline of 50 Ω. The height of the substrate is taken as 1.6 mm with 

the dielectric constant of 4.4, and the proposed design is fabricated on 40  50 mm2 substrate. A square 

patch with dimensions of 25  25 mm2 is loaded with closed RRs for the enhancement of gain and radiation 

pattern. Ansoft High Frequency Structure Simulator which is based on the finite element method (FEM) is 

used to obtain the simulated parameters of the model for the frequency range of 2.2-2.5 GHz. Parametric 

analysis is also done to get the optimized parameters for fabrication. Optimized parameters for feed length 

and width of RR are obtained by increasing and decreasing the dimensions of the above-mentioned param-

eters. Measurements confirm the characteristics of the fabricated antenna as speculated with the simula-

tion results with a little shift in frequencies. The proposed antenna can be used for WiFi, WLAN and ISM 

band applications. 
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1. INTRODUCTION 
 

In our day-to-day life, wireless communication plays 

a very important and significant role. The best gift of 

wireless communication is the connectivity provided to 

people to communicate with one another [1-3]. In this 

time of global crisis due to COVID-19 pandemic, tele-

communication infrastructure is connecting people and 

helping necessary data transfer from physical struc-

tures to digital platforms. Antennas play a very im-

portant part in telecommunication network by acting 

as a transducer in sending and receiving electromag-

netic waves [4, 5]. As the requirement of compact and 

portable devices for wireless communication is increas-

ing day by day, microstrip patch antennas prove to be a 

potential candidate and are preferred over conventional 

antennas [6]. These antennas have advantages such as 

light weight, smaller size, low profile, and the ability to 

manufacture and easily mount to other external devic-

es. The antenna’s return loss, reduced dimensions by 

maintaining its characteristics and promoting the ef-

fect of the capacitive filter can be achieved by applying 

ring resonators (RRs) on a microstrip patch antenna 

[7]. The main aim of using closed square RR inspired 

antennas is to minimize the antenna size, enhance the 

gain, and increase the bandwidth which makes RR 

desirable for antenna applications. 

When RRs are loaded into microstrip antennas, the 

capacitive filter effect is induced, which works to in-

crease the antenna return loss, reduce the dimensions 

of the antenna by retaining its main attributes, and 

other effects [8-10]. The use of various RRs implement-

ed in microstrip antennas is reported by many authors 

in the literature. Various non-homogenous elementary 

geometries are used such as split RRs, complimentary 

split RRs of various shapes like square, circular, trian-

gular etc. 

The most common limitations of conventional mi-

crostrip patch antennas are low impedance bandwidth, 

single resonant frequency and low gain. Different tech-

niques have been reviewed in the literature to improve 

antenna parameters like metamaterials, AMCs, DGS, 

resonators, etc. [11-14] Ring resonators prove to be a 

suitable candidate among all the techniques reported 

for enhancing the antenna parameters due to its simple 

structural design. In this paper, the use of triple closed 

square RR has been shown for dual band applications. 

The proposed antenna design exhibits advantages 

in terms of gain, compact size, low fabrication cost, low 

cross-polarization level, and dual-band operation. Sec-

tion II illustrates the antenna design, and the simulat-

ed and fabricated results are shown in section III. 

 

2. ANTENNA DESIGN 
 

2.1 Model 
 

This section shows the design of the proposed an-

tenna. Fig. 1a and Fig. 1b represent the configuration 

of the antenna embedded into FR-4 substrate having a 

relative permittivity of 4.4 and a loss tangent of 0.025, 

of the fabricated prototype, respectively. The substrate 

height is taken as 1.6 mm with 25  25 mm2 patch. 

Testing of the fabricated prototype was performed with 

the vector network analyzer, and it shows a satisfacto-

ry correlation between the fabricated and simulated 

results. The geometry of the closed square RR is given 

in Fig. 1c, and the unit cell electrical equivalent is 

shown in Fig. 1d. The resonant frequency f0 of the 

square RR can be given as: 
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Fig. 1 – Geometry of the proposed antenna and the equivalent 

circuit of a unit cell 
 

Table 1 – Antenna dimensions 
 

Antenna  

dimensions 
pw pl sw sl a b fl fw 

mm 25 25 40 50 6 5 16 3 

 

2.2 Design Specification 
 

The antenna parameters are obtained from the con-

ventional formulas given below [15]. 
1. Calculation of the width (W): 
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where c is the free space velocity of light; εr is the die-

lectric constant of the substrate, 

 
1 1 1

2 2 12
1

r r
eff

h

w

 


 
 

   
 

 
 


,  

 

where eff is the effective dielectric constant of the mi-

crostrip patch antenna. 

2. The actual length of the patch (L): 
 

wher,
2

e2eff eff

r eff

c
L L L L

f 
   , 

 

 

 

0.3 0.264

0.412

0.258 0.8

eff

eff

w

L h

wh

h





 
    

 
 

 


.  

 

3. PARAMETRIC ANALYSIS 
 

For the best probable performance of the proposed 

antenna, the antenna dimensions have been optimized, 

as evident from the following observations. Changes in 

return loss are observed by varying several parameters 

as discussed below. 

The return loss of the proposed line fed antenna is 

observed by changing the length to 15 mm and 17 mm. 

The feed length fl (16 mm) of the proposed design gives 

optimum results, as shown in Fig. 2. 
 

 
 

Fig. 2 – Reflection coefficient by varying feed length 
 

 
 

Fig. 3 – Reflection coefficient by varying resonator width 
 

Slot width of the ring resonators is varied to 0.5 mm 

and 1.5 mm to obtain the variations in return loss 

characteristic as shown in Fig. 3. It is noticed that slot 

width of 1 mm is providing better result. 

 

4. RESULTS 
 

To simulate the antenna parameters, finite element 

based Ansoft HFSS is used, and vector network ana-

lyzer manufactured by ANRITSU is used for fabricated 

results. The model number is MS2073C offering a fre-

quency range from 5 kHz to 15 GHz and 350 s/data 

point sweep speed. 

a= 6mm

b= 5mm

w=0.5mm
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The following figure shows the measured and simu-

lated reflection coefficient for the proposed antenna. 

The antenna provides a return loss  – 20 dB to tune in 

frequency range of 2.3-2.5 GHz. 
 

 
 

Fig. 4 – Measured and simulated reflection coefficient for the 

proposed antenna 
 

The radiation patterns for the E- and H-planes of 

the proposed antenna for both operating frequencies are 

shown in Fig. 5. It is observed that the proposed design 

shows good radiation performance, and cross polariza-

tion is less compared to co-polarization in both planes. 

Fig. 6 shows the gain of the proposed antenna, and 

it can be observed that the proposed design has a max-

imum gain of 7 dBi at 2.4 GHz resonant frequency. 
 

 
 

(a) 2.4 GHz, E-plane 

 
 

(b) 2.4 GHz, H-plane 
 

Fig. 5 – Radiation patterns of the proposed antenna 
 

 
 

Fig. 6 – Gain of the proposed antenna at 2.4 GHz 

 

5. CONCLUSIONS 
 

A triple closed RR of square shape embedded on mi-

crostrip patch antenna for ISM band is presented in 

this work. The resonant frequency band at return loss 

 20 dB is 2.3-2.4 GHz with good impedance matching 

and a gain of 7.5 dB at 2.45 GHz is obtained. The pro-

posed antenna model is suitable for applications in ISM 

band covering WiFi, and WiMAX applications. 

 

 

REFERENCES 
 

1. Iangpeng Liu, Yongzhi Cheng, Yan Nie, Rongzhou Gong, 

Microwaves and RF (2013). 

2. Isaac B.T. da Silva, Humberto D. de Andrade, et al., Micro-

wave Opt. Technol. Lett. 57 No 12, 2715 (2015). 

3. H.T. Zhang, G.Q. Luo, B. Yuan, X.H. Zhang, Microwave 

Opt Technol. Lett. 58 No 12, 3008 (2016). 

4. X. Cheng, J.J. Whalen, Y.-K. Yoon, Proc. IEEE APSURSI, 

1 (2010). 

5. J.D. Baena, J. Bonache, F. Martin, R.M. Sillero, F. Falcone, 

T. Lopetegi, M.A.G. Laso, J. Garcia-Garcia, I. Gil, M.F. Portillo, 

M. Sorolla, IEEE T. Microw. Theory Tech. 53 No 4, 1451 

(2005). 

6. Xiaoyu Cheng, David E. Senior, Cheolbok Kim, Yong-Kyu 

Yoon, IEEE Anten. Wireless Propag. Lett. 10, 1532 (2011). 

7. A. Reddaf, F. Djerfaf, K. Ferroudji, M. Boudjerda, K. Hamdi-

Chérif, I. Bouchachi, Appl. Phys. A Mater. Sci. Process. 125 

No 3 186 (2019). 

8. D. Samantaray, S. Bhattacharyya, K.V. Srinivas, Int. J. RF 

Microw. Comput. Eng. 29 No 12, e21932 (2019). 

9. Honglin Zhang, Dong Chen, Ying Yu, Chunlan Zhao, 

Guoping Tian, Int. J. Anten. Propag. 2019, 2431760 (2019). 

10. Bo Tao, Mingyan Jiang, Lei Zhang, Shijin Hu, 9th Asia-

Pacific Conference on Antennas and Propagation (APCAP) 

(2020). 

11. Xi-Wang Dai, Tao Zhou, Guan-Feng Cui, IEEE Anten. 

Wireless Propag. Lett. 15, 1004 (2016). 

12. Xiaosheng Guo, Weiwei Liao, Qingfeng Zhang, Yifan Chen, 

IEEE 5th Asia-Pacific Conference on Antennas and Propa-

https://doi.org/10.1002/mop.29436
https://doi.org/10.1002/mop.29436
https://doi.org/10.1002/mop.30200
https://doi.org/10.1002/mop.30200
https://doi.org/10.1109/TMTT.2005.845211
https://doi.org/10.1109/LAWP.2011.2181315
https://doi.org/10.1007/s00339-019-2483-2
https://doi.org/10.1007/s00339-019-2483-2
https://doi.org/10.1002/mmce.21932
https://doi.org/10.1002/mmce.21932
https://doi.org/10.1155/2019/2431760
https://doi.org/10.1109/APCAP50217.2020.9245940
https://doi.org/10.1109/APCAP50217.2020.9245940
https://doi.org/10.1109/LAWP.2015.2490079
https://doi.org/10.1109/LAWP.2015.2490079
https://doi.org/10.1109/APCAP.2016.7843143


 

PRONAMI BORA, P. PARDHASARADHI, B.T.P. MADHAV J. NANO- ELECTRON. PHYS. 14, 02024 (2022) 

 

 

02024-4 

gation (APCAP), 151 (2016). 

13. Abhishek Madankar, Vijay Chakole, Sachin Khade, 3rd 

International Conference on Intelligent Sustainable Sys-

tems (ICISS) (2020). 

14. Ajla Sokol, S. Taha Imeci, 28th Signal Processing and 

Communications Applications Conference (SIU) (2020). 

15. Constantine A. Balanis, Antenna Theory: Analysis and 

Design, 3rd Edition (NJ: Wiley: 2005). 

 

 

Мікросмужкова патч-антена з RR у формі квадрата  

для додатків діапазону ISM 
 

Pronami Bora, P. Pardhasaradhi, B.T.P. Madhav 

 

Antennas and Liquid Crystals Research Center, Department of ECE, Koneru Lakshmaiah Education Foundation, 

Vaddeswaram, A.P. India 

 
У роботі мікросмужкова патч-антена із замкненими кільцевими резонаторами (RR) у формі квад-

рата пропонується для застосування в діапазоні ISM, що охоплює смугу частот 2,2-2,5 ГГц. Перевага-

ми мікросмужкових антен є невелика вага, низька вартість, простота виготовлення, а також їх легко 

інтегрувати з інтегральними НВЧ схемами. Представлена модель антени розроблена шляхом нане-

сення її на підкладку FR-4, яка затиснута між патчем і землею з лінією живлення 50 Ом. Висота під-

кладки складає 1,6 мм, її діелектричні проникність дорівнює 4,4, а розмір підкладки, на якій виготов-

лена запропонована конструкція, становить 4050 мм2. Квадратний патч розміром 2525 мм2 нанесе-

ний із замкнутими RR для покращення підсилення та діаграми спрямованості. Для отримання змо-

дельованих параметрів моделі для діапазону частот 2,2-2,5 ГГц використовується Ansoft High 

Frequency Structure Simulator, заснований на методі скінченних елементів (FEM). Параметричний 

аналіз проводиться для отримання оптимізованих параметрів виготовлення. Оптимізовані параметри 

довжини та ширини RR отримують шляхом збільшення та зменшення розмірів вищезгаданих пара-

метрів. Вимірювання підтверджують характеристики виготовленої антени, що передбачаються ре-

зультатами моделювання, з невеликим зсувом частот. Запропонована антена може бути використана 

для додатків WiFi, WLAN та ISM. 
 

Ключові слова: Дводіапазонний, Мікросмужковий, Кільцевий резонатор (RR), Квадрат. 
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