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ABSTRACT 

This review research paper examines the evolution of the microstrip patch antenna (MPA) in the field of wireless communication technology. 

Distinguished researchers have made several efforts to develop MPA in order to meet market demands. To begin, this paper provides a quick 

overview of wireless technology and MPA. Following that, a literature review is provided in order to better comprehend the concept of a patch 

antenna that is small in size, has multiband and wideband functionalities, and is widely used in wireless communication. Reported antennas 

simulation have been accomplished with the help of CST, HFSS, and other tools. Return loss, VSWR, directivity, gain, efficiency, and radiation 

pattern are all examined with this software. The end result of numerous investigations has been mentioned which can be primarily based on antenna 

performance factors like patch slot, antenna dimensions, substrate material, and feeding techniques. For their better understanding these findings 

delineated within the tabular form and finally conclusion of the overview paper is discussed.  
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1. INTRODUCTION 

Satellite and wireless communication have advanced rapidly in recent decades, and they have already had a 

significant impact on human life. Many applications in communications and local area network require a means 

for transmitting and receiving electromagnetic waves. Microstrip antenna technology's adaptability has resulted 

in a wide range of designs and ways to meet this need. A small monopole antenna for multiband applications 

was presented in this paper. For DCS, PCS, and Bluetooth wireless applications, two stubs were created, while 

three rectangular slots were created for WiMAX, WLAN, and the X-Band Downlink system [1-5].  

The demand for small mobile phone handsets has increased in recent years. Pocket-sized handsets have begun 

to come on the market. As demand grows, the demand for compact handsets will grow as well. One of the most 

essential variables in portable communication systems is the antenna size. Because of its modest volume and 

small profile, the MPA is commonly used. MPA's size is mostly influenced by the length and width of its 

resonance. This research examines three multiband MPAs that operate in the WiMAX (3.5/5.5 GHz), WLAN 

(5.2/5.8 GHz), and C frequency bands [6-10]. The patch size can be reduced by utilizing a patch substrate 

material with a high permittivity and a short substrate height. In current scenario of communication systems 

role of microstrip antenna is very much useful. A RF-MEMS switch is used to reconfigure a new CPW-fed 

elliptical shaped reconfigurable antenna for wireless applications. Four uniform sinusoidal flexure RFMEMS 

switches are loaded into the proposed CEP antenna [11-17].  
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2. FEED TECHNIQUES  

There are different types of methods for feeding Microstrip patch antenna. Antenna has two sides, one side has 

dielectric substrate and other side has radiating patch. There are two types of feed techniques one is contacting 

and another one is non-contacting. In Contacting feed technique power is coupled to the radiating patch directly 

through radiating element. The impacts of conductive material thickness on a single element rectangular 

microstrip patch inset supplied antenna operated at 28 GHz resonance for 5G wireless communication 

applications were given, as well as the construction of a mathematical model [18-25].  

 

In non-contacting technique there is electromagnetic coupling between feed line and radiating patch. The effect 

of the radiation loss on the radiation pattern of the antenna is one of the most important aspects for the evaluation 

of the feed. The impedance bandwidth remains same as strip width increases, but return losses increase due to 

impedance mismatch between the microstrip line and the monopole. Due to the monopole's less effective current 

distribution, the AR bandwidth decreases as the parasitic strip dimension grows [26-33]. The star shape slotted 

dual band MPA working at 2.4 and 5 GHz frequencies has size reduction due to a combination of high 

permittivity substrate, slot, and DGS methods [34-37]. Following are the used techniques: 

 

 i. Contacting feed 

a. Microstrip line  

b. Coaxial probe  

ii. Non- contacting feed 

a. Aperture coupling  

b. Proximity coupling  

c. Co- planar wave guide feed. 

 

TABLE 1. Comparison of different feed techniques and their characteristic 

 

Characteristics 

Co-axial 

probe feed 

Radiating 

Edge 

coupled 

Non-radiating 

Edge coupled 

Gap 

Coupled 

Insert 

Feed 

Proximity 

coupled 

Aperture 

Coupled 

Design Aspects  Non planar Coplanar Coplanar Coplanar Coplanar Planar Planar 

Feed Pattern  More Less Less More More More More 

Polarization 

Quality  
Poor Good Poor Poor Poor Poor Excellent 

Manufacturing 

Process  

Mount 

component  
Simple Simple Simple Simple 

Alignment 

required 

Alignment 

Required 

Consistency 

 
Not reliable  

More 

reliable 
More reliable 

More 

reliable 

More 

reliable 
Less reliable Less reliable 

Impedance 

Matching (50 Ω)  
Simple Poor Simple Simple Simple Simple Simple 

Bandwidth in GHz 

(%) 
2-5% 9-12% 2-5% 2-5% 2-5% 12% 21% 

3. DIMENSION PARAMETERS 

The dimensions of the Microstrip patch antenna are calculated as given below  

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2022 IJCRT | Volume 10, Issue 7 July 2022 | ISSN: 2320-2882 

IJCRT2207274 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c80 
 

3.1 Length 

The rectangular patch antenna length decides the resonate frequency. For a rectangular patch the resonate 

frequency is λ/2 in its fundamental mode. Practically it is observed that due to the fringing field effect the patch 

is a some larger than the theoretical dimensions. 

The length is calculated by the by equation (1). 

𝐿 ≈ 0.49 𝜆𝑑 =  
0.49 𝜆

√𝜀𝑟
                                                                     (1) 

3.2 Width 

The dimensions of the patch antenna have main role to affect in the results, especially length (L) and the width 

(W). The width of the patch can be calculated by equation (2). 

                                         W =  
𝑐

2𝑓𝑟√
(𝜀𝑟 + 1)

2

                                    (2) 

c is speed of light    

fr is the resonant frequency 

 

3.3 Length of Extension (ΔL)  

The normalized expansion of the length is calculated by equation (3). 

       Δ𝐿 =    0.412ℎ
(𝜀𝑟+ 0.3)(

𝑊

ℎ
+ 0.264)

(𝜀𝑒𝑓𝑓− 0.258)(
𝑊

ℎ
+ 8)

                                                           (3) 

Where:                                                                 

h- Height of the patch. 

w- Width of the patch.  

εreff - Effective Dielectric Constant. 
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TABLE 2. Comparison of different parameters of reported MPAs 
Ref. 

No. 

 

Antenna Resonate  Slot 

Antenna 

Area (mm2) 

Substrate  

Material  

 Gain 

(dB) 

Feeding Technique 

 

[1] L-Shaped Slot 18×16 Duriod 7.8 Microstrip line 

[2] DGS Structure 37×47 FR4 10.13 Microstrip line 

[3] Rectangular Shape 6.2 ×7.3 FR4 5.62 Microstrip line 

[4] Square Shape 9 ×9 Si 5.13 Coplanar Wave- guide 

[5] Rectangular Shape 78 × 45 Duriod 4.7 Microstrip line 

[6] Elliptical  21×21 FR4 8 Coaxial 

[7] Square Shape 21×21 FR4 2.61 Microstrip line 

[8] DGS Structure 104 ×104 Duriod 11 Microstrip line 

[9] L-Slot  54.4 × 46.7 FR4 4 Microstrip line 

[10] Diamond Slot 66 ×66 Duriod 1.31 Coaxial 

[11] Rectangular U-Shaped Slot 54 × 59.5 Rogers TMM4 6.9 Inset Feed 

[12] U-Shape Slot 61×38 FR4 3.5 Inset microstrip feed line 

[13] U-Slot 18 ×22 Air 8 Coaxial 

[14] Two L-Shaped Slots 4.3 ×10 FR4 4.93 Inset feed 

[15] Elliptical Ring Slot 33×40 FR4 6.42 Coplanar waveguide 

[16] Elliptical Slot 16×20 FR4 6.65 Coplanar waveguide 

[17] Rectangular Shape 6.2 ×7.2 RT Duroid 5880 6.63 Inset microstrip feed line  

[18] Rectangular Shape 3.4×4.3 Rogers 5880 7.3 Microstrip feed line 

[19] Rectangular Shape 5.4×4.5 Air 9.47 Microstrip feed line 

[20]] Rectangular Shape 7.9×8.9 FR4 7.42 Microstrip feed line 

[21] Square Shape 

(Surface Edge Cut) 
28.9×28.9 FR4 4.83 Inset Feed 

[22] I-Shape Slotted 

Antenna With Dumbbell Shape 
29×38 FR4 3.61 Microstrip feed line 

[23] Φ-Shaped Patch Antenna 55×55 FR4 4.41 Microstrip feed line 

[24] Rectangular Shape 6×6 Duroid 10 Microstrip feed line 

[25] Dual Circular Slot Ring 50×50 FR4 7.8 Microstrip feed line 

[26] Rectangular Shape 48×29.5 FR4 3.5 Microstrip feed line 

[27] Annular-Ring Slot 25×24 FR4 4.59 Microstrip feed line 

[28] Square‐Slot Antenna 26×26 FR4 4.42 Microstrip feed line 

[29] Monopole Antenna 24×24 FR4 2.8 Microstrip feed line 

[30] Rectangular Shape 20×30 FR4 4 CPW feed line 

[31] Circular Shape 25×25 FR4 3.5 Microstrip feed line 

[32] Square Slot Antenna 116×116 FR4 3.4 Microstrip feed line 

[33] C-Shaped Slot Antenna 55×40 FR4 6.8 Microstrip feed line 

[34] Rectangular Shape 18×20 FR4 5.30 Microstrip feed line 

[35] Arc-Shaped Tuning Stub 70×70 FR4 5.1 Microstrip feed line 

[36] Star-Shape Slotted Antenna 28.5×37 FR4 4.27 Microstrip feed line 

[37] Square Shaped Antenna 19×19 Duriod 6.7 Microstrip feed line 
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4. RESULT DISCUSSION AND COMPARISON  

For improving the performance many different techniques are used in microstrip patch antennas. This section 

provides a contrast between the different investigations of the antennas, taking into account various technical 

parameters such as antenna gain, substrate material and feeding techniques. The comparison of investigations 

done using various techniques revels that:  

 Design of multi-band frequency reconfigurable antenna with defected ground structure for wireless 

applications is provided maximum gain. The value of 10.13dB is reported in M. Lenath Sathikbasha and V. 

Nagarajan [2]. 

 Design and implementation of microstrip patch antenna for 5G applications is provided 2nd maximum gain. 

The value of 10 dB is reported in John Colaco and Rajesh Lohani [24].  

 Mathematical model on the effects of conductor thickness on the center frequency at 28 GHz for the 

performance of microstrip patch antenna using air substrate for 5G application is provided a gain of 9.47dB 

in Abdullahi S.B. Mohammed, Shahanawaz [19].  

In this article [2] antenna has maximum gain of 10.13dB. It has return loss of 15.47dB at 6 GHz and 13.57dB 

at 3.2 GHz. With defected ground structure having PIN diode has an approximate return loss of 33 dB. In this 

article [24] microstrip patch antenna has second maximum gain of 10 dB for 5G applications. It has better 

return loss of 33 dB, VSWR is 1.04 and radiation efficiency is 99.5%. 

It shows that maximum value of gain is achieved by using different geometry and maximum value of bandwidth 

is achieved by using insertion of slots on the patch. It may be because the fractal geometric process and the 

insertion of slots will adjust the current distribution and provide a higher impedance alignment. 

 

 

FIGURE 1. Graph between Gain and different shape of antenna  
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FIGURE 2. Graph between gain and same dielectric material with different slots 

 

 

FIGURE 3. Graph between gain and antenna area 

5. Conclusion  

A detailed overview of the research work to be done to improve the performance parameters of micro strip 

patch antennas is presented in a comprehensive review of the literature. Various experimental and simulated 

studies are compared and presented. It has been concluded that using techniques like fractal geometry and 

insertion of slots different performance parameters like bandwidth, gain and return loss of desired values may 

be achieved. For future improvements some suggestions are given like in order to obtain better results, 

improvements in the geometry of the fractal structure can be further explored. Different techniques, such as by 

using parasitic patches and reflecting layer, replacing conventional substrate with air substrate etc. can be a 

great benefit in achieving the performance parameter of microstrip antenna. The future scope is to get higher 

bandwidth, best return loss and high gain by using array elements. 

 

 

0

2

4

6

8

10

12

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
4

FR
4

FR
4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

FR
-4

Analyzed Parameter(Gain in dB)

0

2

4

6

8

10

12

Analyzed Parameter(Gain in dB)

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2022 IJCRT | Volume 10, Issue 7 July 2022 | ISSN: 2320-2882 

IJCRT2207274 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c84 
 

REFERENCES 

1. M. Sharma, “Design and Analysis of Multi-Band Antenna for Wireless Communication,” Wireless Pers 
Commun, vol. 114, no. 2, pp. 1389–1402, Apr. 2020, doi: 10.1007/s11277-020-07425-9. 

2. M. Jenath Sathikbasha and V. Nagarajan, “Design of Multi-Band Frequency Reconfigurable Antenna 
with Defected Ground Structure for Wireless Applications,” Wireless Pers Commun, vol. 113, no. 2, 
pp. 867–892, Apr. 2020, doi: 10.1007/s11277-020- 07256-8. 

3. S. Punith, S. K. Praveenkumar, A. A. Jugale, and M. R. Ahmed, “A Novel Multi-band Microstrip Patch 
Antenna for 5G Communications,” Procedia Computer Science, vol. 171, pp. 2080–2086, 2020, doi: 
10.1016/j.procs.2020.04.224. 

4. Y. Luo et al., “Graphene-based dual-band antenna in the millimeter-wave band,” Microw Opt Technol 
Lett, vol. 60, no. 12, pp. 3014–3019, Oct. 2018, doi: 10.1002/mop.31435. 

5. H. Araujo, Freitas, Prata, Casella and Capovilla, “Multi-band Antenna Design Comprising the Future 
5G Mobile Technology,” Electrotechnical Review, vol. 1, no. 2, pp. 110–113, Feb. 2019, doi: 
10.15199/48.2019.02.25. 

6. Alieldin et al., “A Triple-Band Dual-Polarized Indoor Base Station Antenna for 2G, 3G, 4G and Sub-6 
GHz 5G Applications,” IEEE Access, vol. 6, pp. 49209–49216, 2018, doi: 
10.1109/access.2018.2868414. 

7.  Dhirgham K. Naji, “Design of Compact Dual-band and Tri-band Microstrip Patch Antennas,” 
International Journal of Electromagnetics and Applications, vol. 8, no. 1, pp. 26-34, 2018, doi: 
10.5923/j.ijea.20180801.02. 

8. M. Ikram, N. Nguyen-Trong, and A. Abbosh, “Multi-band MIMO Microwave and Millimeter Antenna 
System Employing Dual- Function Tapered Slot Structure,” IEEE Trans. Antennas Propagat., vol. 67, 
no. 8, pp. 5705–5710, Aug. 2019, doi: 10.1109/tap.2019.2922547. 

9.  J. S. Sivia and S. S. Bhatia, “Design of fractal based microstrip rectangular patch antenna for multi-
band applications,” presented at the 2015 IEEE International Advance Computing Conference 
(IACC), Jun. 2015, doi: 10.1109/iadcc.2015.7154799. 

10.  S. K. Patel and Y. P. Kosta, “Meandered multi-band metamaterial square microstrip patch antenna 
design,” Waves in Random and Complex Media, vol. 22, no. 4, pp. 475–487, Nov. 2012, doi: 
10.1080/17455030.2012.723837. 

11. S. Asif et al., “A compact multi-band microstrip patch antenna with U-shaped parasitic elements,” 
presented at the 2015 IEEE International Symposium on Antennas and Propagation & USNC/URSI 
National Radio Science Meeting, Jul. 2015, doi: 10.1109/aps.2015.7304695. 

12. D. S. Yeole and U. P. Khot, “Reconfigurable multi-band microstrip patch antenna design for wireless 
communication applications,” presented at the 2016 IEEE International Conference on Recent 
Trends in Electronics, Information & Communication Technology (RTEICT), May 2016, doi: 
10.1109/rteict.2016.7807899. 

13. Kai-Fong Lee, S. L. S. Yang, and A. A. Kishk, “Dual- and Multi- Band U-Slot Patch Antennas,” 
Antennas Wirel. Propag. Lett., vol. 7, pp. 645–647, 2008, doi: 10.1109/lawp.2008.2010342. 

14. FarooqUmar and Rather Ghulam, “Design and Analysis of Dual band Microstrip Antenna for 
Millimeter Wave (MMW) Communication Applications,” International Journal of Computing and 
Digital Systems (IJCDS), vol. 9, issue 4, doi: 10.12785/ijcds/090408. 

15. B.V.S. Sailja,Ketavath kumar Naik “CPW-fed elliptical shaped patch antenna with RF switches for 
wireless applications” Microelectronics Journal, 15 March 2021 0026-2692/© 2021 Elsevier, 
https://doi.org/10.1016/j.mejo.2021.105019. 

16. Vijay Sharma, Gunaram, J. K. Deegwal, Dhirendra Mathur “Super-Wideband Compact Ofset 
Elliptical Ring Patch Antenna for 5G Applications” https://doi.org/10.1007/s11277-021-08965-4, 
Published online: 21 August 2021 © The Author(s), under exclusive licence to Springer 
Science+Business Media, LLC, part of Springer Nature 2021. 

17. Omar Darboe, Dominic Bernard Onyango Konditi and Franklin Manene “A 28 GHz Rectangular 
Microstrip Patch Antenna for 5G Applications” International Journal of Engineering Research and 
Technology. ISSN 0974-3154, Volume 12, Number 6 (2019), pp. 854-857© International Research 
Publication House. http://www.irphouse.com. 

18. Rongguo Song , Zhe Wang , Haoran Zu , Qiang Chen  , Boyang Mao , Zhi Peng Wu , Daping He, 
“Wideband and low sidelobe graphene antenna array for 5G applications” 2020 Science China Press. 

http://www.ijcrt.org/
https://doi.org/10.1016/j.mejo.2021.105019
http://www.irphouse.com/


www.ijcrt.org                                                           © 2022 IJCRT | Volume 10, Issue 7 July 2022 | ISSN: 2320-2882 

IJCRT2207274 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c85 
 

Published by Elsevier B.V. and Science China Press, https://doi.org/10.1016/j.scib.2020.09.028. 
19. Abdullahi S.B. Mohammed,Shahanawaz Kamal,Mohd Fadzil Bin Ain,Roslina Hussin and Fathul 

Najmi “Mathematical model on the effects of conductor thickness on the centre frequency at 28 GHz 
for the performance of microstrip patch antenna using air substrate for 5G application”  
https://doi.org/10.1016/j.aej.2021.04.050 

20. Fardeen Mahbub, Rashedul Islam, Sayed Abdul Kadir Al-Nahiun “A Single-Band 28.5GHz 
Rectangular Microstrip Patch Antenna for 5G Communications Technology” 021 IEEE 11th Annual 
Computing and Communication Workshop and Conference (CCWC),2021. DOI: 
10.1109/CCWC51732.2021.9376047. 

21. Priyanshu Rani Rajkumar, Ajani Chandani, Jahnavi Deshmukh and Shahid Modasiya “A Surface 
Edge Cutout Microstrip Patch Antenna for 5g Applications” RT&A, Special Issue № 1 (60) Volume 
16, Janyary 2021, https://cyberleninka.ru/article/n/a-surface-edge-cutout-microstrip-patch-antenna-
for-5g-applications 

22. Nilima A. Bodhaye , Prasanna L. Zade “Design Of Multi-band Double I-shaped slot Microstrip Patch 
Antenna With Defected Ground Structure for Wireless Application” IOSR Journal of Electronics and 
Communication Engineering (IOSR-JECE) e-ISSN: 2278-2834 Volume 13, Issue 1, Ver. I (Jan.- 
Feb. 2018), PP 25-31 www.iosrjournals.org, DOI: 10.9790/2834-1301012531 

23. Govardhani.Immadi1, M.Venkata Narayana and, A.Navya, P.Anush, “Dual Feed Φ-Shaped Patch 
Antenna For 5G Applications” Nat.Volatiles&Essent.Oils,2021;8(5):1540-1549, 
https://www.nveo.org/index.php/journal/article/view/614/567 

24. John Colaco and Rajesh Lohani, “Design and Implementation of Microstrip Patch Antenna for 5G 
applications” Proceedings of the Fifth International Conference on Communication and Electronics 
Systems (ICCES 2020) IEEE 48766; IEEE Xplore ISBN: 978-1-7281-5371-1, 
doi.org/10.1109/ICCES48766.2020.9137921 

25. Anand Kumar , Santosh Kumar Mahto, Rashmi Sinha and Arvind Choubey , “Dual circular slot ring 
triple-band MIMO antenna for 5G applications, https://doi.org/10.1515/freq-2020-0138, 
https://www.degruyter.com/document/doi/10.1515/freq-2020-0138/html?lang=en. 

26. Ramya Radhakrishnan* and Shilpi Gupta “Axial Ratio Tuned Circularly Polarized Slot-Loaded Antenna 

for S-Band and C-Band Applications “Progress in Electromagnetics Research C, Vol. 113, 239–249, 

2021. 

27. Zhong-Hua Ma, Jia-Xiang Chen, Peng Chen,and Yan Feng Jiang ,” Design of Planar Microstrip Ultra 

wideband Circularly Polarized Antenna Loaded by Annular-Ring Slot” International Journal of 

Antennas and Propagation Volume 2021, Article ID 6638096, 10 pages 

,https://doi.org/10.1155/2021/6638096. 

28. Manas Midya,Anumoy Ghosh and Monojit Mitra .” Meander‐line‐loaded circularly polarized square‐
slot antenna with Inverted‐L‐shaped feed line for C‐band applications” IET Microwaves, Antennas & 
Propagation, 11 March 2021, DOI: 10.1049/mia2.12125. 

29. Kalyan Mondal.” Broadband dual-sense enhanced axial ratio bandwidth circular polarized monopole 

antenna for WLAN/WiMAX/X/Ku/K-bands applications. Springer Science Business Media, LLC, part 

of Springer Nature 2021, Wireless Networks,https://doi.org/10.1007/s11276-021-0264-X. 

30. Seyyedeh F. Seyyedrezaei, Hamid R. Hassani,Maryam Farahani, and Sajad Mohammad-Ali-Nezhad,,’ 

A Novel Small Size CPW-Fed Slot Antenna with Circular Polarization for 5G Application, Progress In 

Electromagnetics Research C, Vol. 106, 229–238, 2020. 

31. Izzat Fatima, *, Aqsa Ahmad, Saqib Ali, Mudassir Ali, and M. Iram Baig,” Triple-Band Circular 

Polarized Antenna for WLAN/Wi-Fi/Bluetooth/WiMAX Applications, Progress in Electromagnetics 

Research C, Vol. 109, 65–75, 2021. 

32. Rui Ma and Quanyuan Feng,” Design of Broadband Circularly Polarized Square Slot Antenna for UHF 

RFID Applications.” Progress in Electromagnetics Research C, Vol. 111, 97–108, 2021. 

33. Kang Ding,Cheng Gao,Tong-bin Yu,and De-xin Qu,” CPW-Fed C-Shaped Slot Antenna for Broadband 

Circularly Polarized Radiation”. Published online 15 April 2015 in Wiley Online Library, DOI: 

10.1002/mmce.20909. 

34. Rajan Vivek*, Sathyanathan Sreenath,” Coplanar Waveguide (CPW)-Fed Compact Dual Band Antenna 

for 2.5/5.7GHz Applications”. Progress in Electromagnetics Research M, Vol. 74, 51{59, 2018. 

35.  Meng-Ju Chiang, Tian-Fu Hung, Jia-Yi Sze, and Sheau-Shong Bor.” Miniaturized Dual-Band CPW-

http://www.ijcrt.org/
https://doi.org/10.1016/j.scib.2020.09.028
https://doi.org/10.1016/j.aej.2021.04.050
https://cyberleninka.ru/article/n/a-surface-edge-cutout-microstrip-patch-antenna-for-5g-applications
https://cyberleninka.ru/article/n/a-surface-edge-cutout-microstrip-patch-antenna-for-5g-applications
https://www.nveo.org/index.php/journal/article/view/614/567
https://doi.org/10.1109/ICCES48766.2020.9137921
https://www.degruyter.com/document/doi/10.1515/freq-2020-0138/html?lang=en


www.ijcrt.org                                                           © 2022 IJCRT | Volume 10, Issue 7 July 2022 | ISSN: 2320-2882 

IJCRT2207274 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c86 
 

Fed Annular Slot Antenna Design with Arc-Shaped Tuning Stub”. IEEE transactions on antennas and 

propagation, vol. 58, no. 11, November 2010. 

36. Zhor Bendahmane, Souheyla Ferouani, and Choukria Sayah.” High Permittivity Substrate and DGS 

Technique for Dual-Band Star-Shape Slotted Microstrip Patch Antenna Miniaturization. Progress in 

Electromagnetics Research C, Vol. 102, 163–174, 2020. 

37. Md. Nazmul Hasan.” Analysis the effect of Changing Height of the Substrate of Square Shaped 

Microstrip Patch Antenna on the Performance for 5G Application.’ International Journal of Wireless 

and microwave May 2019. 

http://www.ijcrt.org/

