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Abstract: In modern wireless communication, microstrip antennas are indispensable. This paper focuses on designing 2GHz
miniatured width 4mm rectangular ring antenna optimized for enhanced bandwidth performance. Antenna fabricated on FR-
4 platform with permittivity of 4.4 and width of 1.6 mm. Compact 4 mm-wide ring structure achieves a wide impedance
bandwidth of 1.14 GHz, providing a fractional bandwidth more than 50% of antenna resonating frequency2 GHz, making
it suitable for high-speed wireless applications such as high-speed data transmission and L band applications. The antenna
performance parameters carried out through simulation using high frequency simulation software (HFSS) and measurements
are discussed in this paper.
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INTRODUCTION: We cannot predict wireless communication technology without microstrip antenna.
Microstrip antennas are the backbone of modern wireless communication system. Almost all the applications of
wireless communication systems get smart, effective solutions with the help of technology. Lot of research work
is going on mocrostrip antenna many researchers are working on ring microstrip antenna, because of its larger
bandwidth compared to conventional antenna of ring and rectangular shape patch. Rectangular ring antennas
are kind of flat antenna distinguished by its ring shaped element. Electromagnetic waves generated by a proposed
shaped structure, by the functioning of ring antenna. The perimeter of an antenna much more effects on its
primary working frequency, which is normally equal to its wavelength of operating frequency of, suggested
antenna. We consider several parameters of an antenna like feeding technique, dielectric constant with other
main parameters while designing microstrip antenna.[3]-{7]

As per Moor’s law, miniaturization in device is inevitable, in this way miniatured microstrip ring antennas stands
first in future wireless, sensing technology. They functions in emerged areas of communication. Such antennas
have benefited with low profile structure, suitable for less spaced applications. Antenna provides accurate
radiation patters designed for focused communication.[8][10]. The inner and outer radii of a ring antenna mainly
determines its resonating frequency. Different feeding techniques like co-axial feed, microstrip line feed, quarter
wave feed, proximity feed have made effect on impedance matching and on the efficiency of the antenna. The
substrate material, dielectric constant ie permittivity and loss tangent values made notable effect on efficiency
and bandwidth of a rectangular ring antenna.

In recent years microstrip ring antennas are promising, with advancements in materials, miniaturization, and
reconfigurable novel designs enhancing their performance. They will play a vital role in modern communication
applications such as 5G, IoT, and biomedical fields, offering high efficiency, wideband capabilities, and
integration with flexible electronics for next-generation wireless communication and sensing
technologies.[11][18].

In the present work, we have endeavored to design thin lightweight rectangular ring microstrip antenna. The
main objective is to design and enhance the gain of rectangular ring microstrip antenna and observed the various
parameters like return loss, directivity, VSWR, Gain of an antenna. Designed antennas finds application in highly
integrated CMOS transmitters and L band applications. The simulation is carried out by HFSS software.

In this manuscript, we set out designed a slim lightweight rectangular ring antenna, with focus on high
performance. Our primary goal is to enhance the antenna gain, while analyzing the key parameters of an antenna
like return loss, VSWR, Gain, bandwidth,directivity. These cutting edge design holds great potential for highly
integrated CMOS transmitters,and L band applications. To verify precession with reliability of proposed ring
antenna. All simulation work carried out by using HFSS software, which helps to modernize the communication
system with new advancements.
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ANTENNA GEOMETRY: Proposed ring antenna shown in fig.1 uses FR4 platform having measurements of
70.88(L)x91.28(W)mm?,dissipation factor (tan8) of 0.02, relative permittivity €=4.4.Ring antenna parch which
is rectangular in shape forms top layer on FR4 platform. Which is formed by subtracting dimensions of patch
31.44mmX41.64mm in to 35.44mmX45.64mm.Thickness t=1.6mm.The length and width of conducting patch
are L=35.44mm, W=45.64mm Feed line length F;=18mm Feed width Fy=3mm.Quarter wavelength
Lg=2.56mm, quarter wave width Qw=0.2mm constitutes compact ring antenna of suggested shape vibrating at

2GHz frequency as per mathematical analysis.

The antenna measurements provided in Table 1, while the ring antenna configuration is illustrated in Fig.1 and
bottom view in fig .a. S11, VSWR, total gain plots are respectively given in fig 1 figures b, ¢, and f. The S11 plot
states that due to the DGS on a ground plane resonating frequency slight shift toward a higher side, indicating a
dominant inductive component influencing the capacitance, thereby tuning the response to a higher frequency.

The antenna achieves a total gain of 2.1916 dB with a bandwidth of 1.14 GHz.

Figl.Top View Ring antenna

3. SIMULATED RESULTS

The simulated antenna resonates at 2GHz frequency, with return loss -16.79dB. Produces bandwidth of 1.14GHz

Fig a.Bottom view

Substrate FR4

Table 1
Ring-antenna parameters | Dimensions in mm
Length -L 35.44
Width-W 45.64
Length-L1 31.44
Width-W 1 41.64
Feed Length Lf 18
Wr 3
Quarter wave length 2.56
Width 0.2
Ground -L 17.72
W 91.28

.Fig 3 shows S11 graph of suggested antenna.
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Fig 3.Shows the S11 plot of the rectangular ring microstrip antenna shows return loss across frequencies from
1.0 GHz to 2.87 GHz. The lowest return loss (-16.4440 dB) occurs at 2.07 GHz, indicating optimal impedance
matching and maximum power transfer. The antenna is well tuned for operation near 2.0 GHz Antenna finds
suitability for applications in the S-band, such as Wi-Fi, radar, and mobile communications.
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Fig c.Total gain Fig d.Directivity.
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Fig 6. Shows how the voltage standing wave ratio varies across the 2.07GHz frequency. At resonating frequency
the VSWR reaches low value 1.35,ie close to 1,indicates minimum reflection and maximum power transfer. Plot

indicates antenna performs efficiently at resonant frequency.
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Fig.f. Radiation pattern Fig g.Smith Chart

Fig f.showns the radiation pattern of the microstrip ring antenna shows a bidirectional in nature. The pattern
exhibits good directivity, with strong radiation at broadside and minimal radiation at the nulls. The E-plane
pattern exhibits danish-like behaviour, while the H-plane is nearly omnidirectional response. Such antennas finds
in RFID, WLAN, and IoT applications.

To find input impedance, VSWR, reflection coefficient of an antenna we make use of smith chart shown in Fig
g.impedance value close to the centre(Z=50.575+j15.645Q)), means antenna matched with input impedance of
50Q.At resonance the reflection coefficient is 0.1538, low reflection good matching. VSWR value 1.364 value is
close to 1,good impedance matching.
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VSWR: (Voltage Standing Wave Ratio) should be near 1:1 if impedance is perfectly matched
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Fig h.Frequency Vs Gain plot
Fig h shows plot frequency versus gain, which depicts maximum gain at Phi = 0° and Theta = 0°,is 1.6dB, occurs
at expected 2 GHz frequency indicates boresight gain. Antenna offers narrow bandwidth .Gain increases abruptly

after 2 GHz frequency. The plot shows a peak at 2.00 GHz, aligning well with the expected operating frequency.
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Fig 1. Surface current distribution
Common fact, in micro strip antenna radiations caused by edge currents. In the suggested ring antenna, the
surface current circulation along the edges of rectangular ring mainly at corners. Low surface current density
observed at centre of ring antenna because of less current distribution, behaves like resonant cavity. At the feed
point and at edges, the current density increases and gradually decreases towards centre. The ground below the
ring also shows some current circulations. Antenna and ground plane together affects impedance characteristics.

Figj. Top view of fabricated antenna fig k,Bottam view of an antenna
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Fig | Antenna measurment setup

Table2.Parameters of suggested slim antenna.

Antenna | Radiating Return VSWR | BW | Directivity Gain in | Area Patch
type frequency loss in dB In in dB dB In mm?® | antenna
in GHz GH: Area
In mm*
Simulated Results
4mm ring | 2.07 -16.44 1.35 1.14 | 2.1916 2.5253
308.32 | 1,617.48
Experimental Results
4mm ring | 2.02 23089 [134 [1  |3.0216 3.1483
Table3.Compact antennas reported in literature compared with suggested antenna.
Ref papers | Resfreq | Antenna Patch size | Max gain | BW | Structure Polarization
(GHz) size in mm? | in mm? in dB in % | type
G.Singh.et 2.48, 1,050 372 1.09 6.04, | D- Shaped CPLP
al [21] 3.16 1.94 | CSRR
Parvathi. et | 2.45 2,520 1250 3.8 10.48 | SQ-Splitting CP
al.[19]
S.K.Pandey | 2.40 3,844 784 4.62 4.52 | Modified CP
et. AL[22] FTDGS
M.]Jafar 2.05 11025 R=38 1.149 38.23 | Slit on patch | CP
G.Samanta | 3.7 1.600 Slide 3.24 9.89 | Hexa-RIS CP
et. al.[23] length=10
D.Catano- 1.997 3,618 1,516.06 Hexagonal LP
Ochoda et CSRR
al.[24]
H Umair et | UWB 820.8 192 8.2 120 Star, Square | LP
al[25] (4-16) shaped slots
Maroli 2.48.2.66 | 1,672.5 557.5 2.476 12.9 | CSISRR CP,LP
S.Rao et.
AlL[26]
Proposed 1.28 2.07 | 1,617 308.32 3.1483 57 Rectangular CP,LP
antenna ring with
DGS
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RESULT DISCUSSION: In this section, we discussed various parametric analysis of proposed compact antenna
of suggested shape constructed with the given specifications achieved multiple frequencies. The antenna
modelled with HFSS tool. The modelled and experimental results, such as return loss (S11plot).Voltage standing
wave ratio (VSWR).Total gain,current distribution are tabulated in table 2.The simulated resonating
frequency2.07GHz is slightly higher than practical 2.02GHz due to some fabrication or tolerance facts.
Experimental (- 23.089dB) return loss is high compared to (-160004dB) simulated values. Achieved better
impedance matching in real time applications.VSWR values matched closely. Simulated 1.14GHz bandwidth,
slightly higher than experimental 1.02GHz.Directivity with gain results are higher than practically, means good
real time applications,.

CONCLUSION: Good agreement between practical and simulated results of proposed 4mm ring antenna.
Enhancement in Gain and return loss of fabricated antenna compared to simulated antenna. Suggesting better
real-time efficiency. The compact size (308.32 mm?2) makes it a space-efficient alternative to larger patch/ring
antennas, while maintaining good performance. Such ring antennas finds applications in L and S band
applications.

REFERENCES

1. Christophe DELAVEAUD, "Antennes compacts pour les systémes de communication Ultra Large Bande", Institut de
Microélectronique, Electromagnétisme et Photonique, France, 2009.

2. C.A. Balanis, Antenna Theory: Analysis and Design, 2nd Edition, Willey, pp. 722-783, 1997.

3. S. Lasaulce, J. Dumont, S. Hassanaly, "Signaux a bande ultra large: caractéristiques et performances," GRETSI, Groupe d'Etudes du
Traitement du Signal et des Images, France, 2003.[Online] Available: http://hd.handle. net/2042/13618 (2013)

4. Strategiestm, L'UWB ou la bande ultra large, STRATEGIES Telecoms & Multimedia, Dossiers Technologiques, 2010.[Online]
Auvailable: http://www.strategiestm.com/DT-26-L-UVWB-ou-la-bande-ultra.html (2013)

5. N.Zainuddin, and M. R. Kamarudin, "Rectangular Ring Antenna for On-Body Communication," PIERS Proceedings, pp.882- 884,
July 5-8, Cambridge USA, 2010.

6.  A. Sibille, C. Roblin, S. Bories, A.C. Lepage, X. Begaud, "Conception et caractérisation d'antennes ULB pour communications
multimédia haut débit", Revue de I'Electricité et de 'Electronique (REE), n°4, pp. 73-80, Avril 2004.

1. Mohammed Younssi, Achraf Jaoujal, M. H. Diallo Yaccoub, Ahmed El Moussaoui, and Noura Aknin, "Study of a Microstrip
Antenna with and Without Superstrate for Terahertz Frequency," International Journal of Innovation and Applied Studies, vol. 2,
no. 4, pp. 369-371, April 2013.

8. M. L. Hasan andi A. viotin, "New slotting technique of making compact octagonal patch for four band applications."International
Journal of Innovation and Applied Studies, ol. 3, no. 1, pp. 221-227, May 2013.

9.  Tajeswita Gupta and P. K. Singhai, "Ultra Wideband Slotted Microstrip Patch Antenna for Downlink and Uplink Satellite
Application in C band," International Journal of Innovation and Applied Studies, vol. 3, no. 3, pp. 680-684, July 2013.

10.  Rabih Rahaoui and Mohammed Essaaidi, "Compact Cylindrical Dielectric Resonator Antenna excited by a Microstrip Feed Line,"
International Journal of Innovation and Applied Studies, vol. 2, no. 1, pp. 1-5, January 2013.

11.  Sonali Kushwah, P. K. Singhal, Manali Dongre, and Tajeswita Gupta, "A Minimized Triangular - Meander Line PIFA Antenna for
DCS1800/WIMAX Applications," International Journal of Innovation and Applied Studies, vol. 3, no. 3, pp.714-718, July 2013.

12.  Tajeswita Gupta, P. K. Singhal, and Vandana Vikas Thakre, "Modification in Formula of Resonating Frequency of Equilateral
TMPA for Improved Accuracy and Analysis," International Journal of Innovation and Applied Studies, vol. 3,no. 3, pp. 727-731,
July 2013.

13. Anshul Agarwal, P. K. Singhal, Shailendra Singh Ojha, and Akhilesh Kumar Gupta, "Design of CPW-fed Printed Rectangular
Monopole Antenna for Wideband Dual-Frequency Applications," International Journal of Innovation and Applied Studies, vol. 3,
no. 3, pp. 758-764, July 2013.

14.  Manali Dongre, P. K. Singhal, Sonali Kushwah, and Tajeswita Gupta, "Triple Band Hexagonal Meander-line Monopole Antenna
for Wireless Applications," International Journal of Innovation and Applied Studies, vol. 3, no. 4, pp. 953-958, August 2013.

15. Alak Majumder, "Design of an H-shaped Microstrip Patch Antenna for Bluetooth Applications," International Journal of Innovation
and Applied Studies, vol. 3, no. 4, pp. 987994, August 2013.

16. Pawan Shakdwipee, "Design and Simulation of Edge-Coupled Stripline Band Pass Filter for U band," International Journal of
Innovation and Applied Studies, vol. 3, no. 4, pp. 1033-1044, August 2013.

17. B R Koushik and B Ajeya, "Design of Rectangular Microstrip Antenna with Metamaterial for Increased Bandwidth," International
Journal of Innovation and Applied Studies, vol. 3, no. 4, pp. 1094-1100, August 2013.

18.  Rahul Yadav, "A Novel Approach for Gain and Bandwidth Re-Configurability in Helical Antenna," International Journal of
Innovation and Applied Studies, vol. 4, no. 1, pp. 233-238, September 2013.

19. Parvathy, A. R., V. G. Ajay, and T. Mathew, "Circularly polarized split ring resonator loaded slot antenna for RFID readers and
WLAN applications ," Adv. Electromagn., Vol. 7, No. 5, 1-6, 2018.

20. Khalilpour, J. and M. Nosrati, "Micro-strip antenna with high bandwidth, cone pattern, circular polarization, and
slit," Electromagnetics, Vol. 39, No. 1, 18-29, 2019.

21.  Singh, G., B. K. Kanaujia, V. K. Pandey, D. Gangwar, and S. Kumar, "Design of compact dual-band patch antenna loaded with D-
shaped complementary split ring resonator," Journal of Electromagnetic Waves and Applications, Vol. 33, No. 16, 1-16, 2019.

4412



International Journal of Environmental Sciences
ISSN: 2229-7359
Vol. 11 No. 22s, 2025

https://www.theaspd.com/ijes.php

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

4.

Pandey, S. K., G. Prasad Pandey, and P. M. Sarun, "Circularly polarized micro-strip antenna with fractal trees loaded ground
plane," Electromagnetics, Vol. 39, No. 7, 505-523, 2019.

Samanta, G. and S. R. Bhadra Chaudhuri, "Design of a compact CP antenna with enhanced bandwidth using a novel hexagonal
ring based reactive impedance substrate," Progress In Electromagnetics Research M, Vol. 69, 115-125, 2018.

Catano-Ochoa, D., D. E. Senior, F. Lopez, and E. Reyes-Vera, "Performance analysis of a microstrip patch antenna loaded with an
array of metamaterial resonators," 2016 IEEE International Symposium on Antennas and Propagation (APSURSI), 281-282, 2016.
Umair, H., et al. "A unique metamaterial inspired star-slot UWB antenna with soft surface ground," Electromagnetics, Vol. 40, No.
2, 152-163, 2020.

Maroli S and Prabhugaud I Basarkod”A novel complimentary slotted Split ring resonator loaded truncated arc patch antenna with
enhanced performance. Progress in electronics Research C,Vol .101,203-218,2020.

A. D. Setiawan, U. Khaerani Hendariyunisha, A. Charisma, S. Basuki, A. Effendi and D. Saepudin, "Design of 1x2 Circular Ring
Microstrip Antenna for Position Detection Application", 2019 IEEE 13th International Conference on Telecommunication Systems
Services and Applications (TSSA), pp 141-144 2019

J. Colaco and R. Lohani, "Design and implementation of microstrip patch antenna for 5G applications", IEEE Explore conference
5th International Conference on Communication and Electronics Systems (ICCES), 2020.

G. S. Shravan, L. Sai Suhas, N. G. Hemanth Kumar, S. Vinay and N. G. Girish Kumar, "2x2 Circular Patch Antenna Array at 2.4
GHz for WSN Applications: Design and Performance Analysis of Circular Antenna Array and Comparison over Rectangular
Array", 2019 International Conference on Communication and Electronics Systems (ICCES), pp. 887-891, 2019.

Hirald Dwaraka Praveena, Katta Sudha, P. Geetha and I. Suneetha, "A Compact Square and Hexagonal Antennas with Fractal DGS
for Mobile Satellite Applications", Journal of Pharmaceutical negative results, vol. 13, no. 4, pp. 962-967, Sep 2022.

Katta Sudha, Hirald Dwaraka Praveena and P. Geetha, "Design and Simulation of Compact Dual Band Fractal Antenna for
Navigation Applications", Journal of Pharmaceutical negative results, vol. 13, no. 4, pp. 1005-1009, Sep 2022.

Katta Sudha, Hirald Dwaraka Praveena, I. Suneetha and G. Reddy Hemantha, "A Miniature Circular Polarized Fractal based
Antenna for Satellite Applications", Journal of Pharmaceutical negative results, vol. 13, no. 4, pp. 978-984, Sep 2022.

S. Komeylian, "Performance Analysis and Evaluation of Implementing the MVDR Beamformer for the Circular Antenna
Array", 2020 IEEE Radar Conference (RadarConf20), pp. 1-6, 2020.

H. Alwareth et al., "Enhanced Radial Line Slot Array Antenna (RLSA) integrated with Circular Ring Resonator (CRR) for 5G mm-
wave applications", 2022 IEEE International RF and Microwave Conference (REM), pp. 1-4, 2022.

M. Panji Kusuma Praja, Sulistyaningsih, Taufiqqurrachman, W. Desvasari, N. Armi and A. Munir, "Design and Characterization
of 1800MHz TM Mode Circular Waveguide Array Antenna for Energy Harvesting Application", 2020 International Conference on
Radar Antenna Microwave Electronics and Telecommunications ICRAMET), pp. 167-170, 2020.

B. You, T. Xue, Y. Zhao, J. Zhou, T. Wang and J. Li, "A dual-band S-sshaped fractal orthogonal dipole antenna for vehicular
navigation systems", 2015 Asia-Pacific Symposium on Electromagnetic Compatibility (APEMC), pp. 158-161, 2015.

L. Wen, Z. Yu, L. Zhu and ]. Zhou, "High-Gain Dual-Band Resonant Cavity Antenna for 5G Millimeter-Wave
Communications", IEEE Antennas and Wireless Propagation Letters, vol. 20, no. 10, pp. 1878-1882, Oct. 2021.

L. Zhang, Y. Xu, Y. He, Q. Zhou, L. Zhang and Z. Zhou, "A Broadband Low-Profile Antenna Array Using Shorting Pins for 5G
Millimeter Wave Applications", 2022 IEEE MTT-S International Microwave Workshop Series on Advanced Materials and Processes for RF
and THz Applications (IMWS-AMP), pp. 1-3, 2022.

M. A, A. K. Adiga, A. K. Manjunath, Y. Giddegowda and R. Bhatkoorse, "Gain Enhancement of 4x4 mm-Wave Patch Array with
Dielectric Shells and Metamaterial Lens: A Comparative Study", 2022 IEEE Wireless Antenna and Microwave Symposium (WAMS), pp.
1-5, 2022.

J. Huang, M. Shirazi and X. Gong, "A New Arraying Technique for Band-Switchable and Polarization-Reconfigurable Antenna
Arrays With Wide Bandwidth", IEEE Open Journal of Antennas and Propagation, vol. 3, pp. 1025-1040, 2022.

K. Anusha, K. Karthika, D. Mohanageetha, A. Monika, S. V. N. Saran Kumar and B. Lavanya, "Gain Enhancement of Circular
Patch Antenna using SRR Array", 2021 International Conference on Advancements in Electrical Electronics Communication Computing and
Automation (ICAECA), pp. 1-5, 2021.

J. P. Kumar and G. Karunakar, "Circular Slotted Ring Shaped Mimo Antenna For Ultra Wideband Applications", 2018 [EEE
International Conference on Computational Intelligence and Computing Research (ICCIC), pp. 1-5, 2018.

Hirald Dwaraka Praveena, V. Srilakshmi, S. Rajini, Raju Kolluri and M. Manohar, "Balancing module in evolutionary optimization
and Deep Reinforcement Learning for multi-path selection in Software Defined Networks", Physical Communication, vol. 56, pp. 1-
10, Feb 2023.

J. S. Roper and A. F. Peterson, "Design of Circularly Polarized Mechanically Reconfigurable Reflectarrays for Satellite
Communications and Power Transfer", 2021 IEEE International Conference on Wireless for Space and Extreme Environments (WiSEE),

pp. 1-6, 2021.

4413



