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ABSTRACT

Nowadays, Communication devices need a low profile antenna that can assist various applications and provides a wide range of frequency up to
optical frequencies. Microstrip patch antennas are using metamaterials that support to enhance gain and directivity with compact size. Metamaterials
are unnatural materials that cannot be found in nature but can be engineered. Metamaterials must have negative permittivity and permeability. The
objective of this paper is to analytically review the different shapes of metamaterial unit cells employed in microstrip patch antenna to obtain
improved gain, directivity, efficiency and bandwidth.

Index Terms: Microstrip Patch Antennas, Metamaterials, Negative permittivity and Permeability.

1. INTRODUCTION

Microstrip antennas have low profile, light weight, compactness and good reliability. Among those advantages, the
microstrip antennas can be easily fabricated. Microstrip antennas are recently used in antenna design with a
combination of metamaterials, either as a cover or a substrate [1]. Microstrip patch antennas require to reduce their
size further and improve its various parameters such as bandwidth, gain and directivity. Hence metamaterial
behaves as a superstrate which is used in Microstrip patch antennas to overcome its drawbacks of narrow
bandwidth, low gain and low power handling capability [2-3]. Researchers took advantages of using metamaterials
to increase the efficiency of the wireless communication systems. They either combine the metamaterial block with

antennas or they designed metamaterial inspired antennas [4-10]. Types of Metamaterials are given in figure 1.

Figure 1. Types of Metamaterials

Metamaterials are integrated in microstrip patch antennas to improve various parameters. The metamaterials can be
characterized into different types such as, Split Ring Resonator, Symmetrical Ring Structure, Omega Structure,

Pentagon Structure, U-Structure, E-Structure, S-Structure etc. Apart from these structures, the symmetrical ring
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structures are fabricated easily and give better directional beamwidth [11-15]. Therefore it can be reviewed that the
metamaterials used in microstrip patch antennas improves performance of various parameters and also it give low

profile design.

2. VARIOUS TYPES OF METAMATERIAL STRUCTURES
2.1. Patch Antenna with Hexagon Shaped Metamaterial
A Hexagon shaped metamaterial loaded patch antenna is operated in K,-band. It is reviewed that the design

achieved better efficiency, high gain and high directivity [16].
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Figure 2. Microstrip Patch Antenna with Hexagon Shaped Metamaterial [16]

2.2.Patch Antenna with Square Shapes Metamaterial

Microstrip patch antenna with square shapes metamaterial is operated in the frequencies of 2.925 GHz and 1.965
GHz [17]. According to the survey, that the use of square shapes metamaterial reduced the return loss and
increased the bandwidth.
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Figure 3. Microstrip Patch Antenna with Square Shapes Metamaterial [17]

2.3. Patch Antenna with Split Ring Resonator
Split ring resonator with patch antenna is operated at the working frequency of 5.725 GHz. An analysis made on
return loss behaviour related to the operation frequency, gain and feature impedance [18] . It is viewed that the

return loss is reduced.
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Figure 4. Microstrip Patch Antenna with Split Ring Resonator [18]

2.4. Criss - Cross Metamaterial based Microstrip Patch Antenna
The design of criss-cross metamaterial based patch antenna was providing improved gain, bandwidth and multiple

frequency operations [19]. It is observed that the design proved negative response of i and [1.

d

Figure 5. Criss Cross Metamaterial [19]

2.5.Patch Antenna with Omega Shaped Metamaterial
Omega shaped metamaterial with patch antenna is designed to operate in the frequency of 12 GHz. It is reviewed
[20] that the design is used to improving the gain and directivity for satellite based communication systems.
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Figure 6. Microstrip Patch Antenna with Omega Shaped Metamaterial [20]
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2.6. Microstrip Patch Antenna Loaded with Shapes of Triangle and Circle

Metamaterial
The design reported that the patch antenna is incorporated with shapes of triangle and circle metamaterial structure

to improve the bandwidth at dual band operation [21].
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Figure 7. Microstrip Patch Antenna with Shapes of Triangle and Circle
Metamaterial [21]

2.7.Patch Antenna with U-Shape Split Ring Resonator
It is examined that the rectangular patch antenna with U- shape split ring resonator is used to improve the return loss

and bandwidth of patch antenna [22].

Figure 8. U-Shape SRR [22]

2.8 Patch Antenna with Pi Shape Metamaterial
The design of patch antenna with Pi shape metamaterial is operated in the
frequency of C band. It is reported that the design reduced return loss value as -40.1766 dB [23].
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Figure 9. Pi — Shape Metamaterial [23]

3. CONCLUSION

It is concluded that the paper presents survey on various metamaterial structure employed with Microstrip patch
antenna. A review shows, by implementing metamaterial structure with patch antenna can reduce return loss,
miniaturize the size of an antenna, increase band width, increase efficiency, improves gain, directivity and all other
parameters such as radiation pattern and VSWR. Because of these advantages, the research is going on in plenty of

applications in the civilian worlds.

REFERENCES
[11 Y. P. Zhang and J. J. Wang, “Theory and analysis of differentially-driven microstrip antennas”, IEEE
Transactions on Antennas and Propagation, vol. 54, pp. 1092-1099, 2006.
[2] Anisha Susan Thomas, Prof A.K K. Prakash, “A Survey on Microstrip Patch Antenna using Metamaterial”,
International Journal of Advanced Research in Electrical, Electronic and Instrumentation Engineering, pp.
6289-6294, 2013.
[3] Sharma R and Kumar M, “Dual band microstrip antenna for C and X band wireless applications”, IEEE
International conference on multimedia, signal processing and communication technologies (IMPACT),
Aligarh, 154-158, 2013.
[4] I. K. Kim and V. Varadan, “Electrically small, millimeter wave dual band metaresonator antennas”, IEEE
Trans. Antennas Propag., vol. 58, no. 11, pp. 3458-3463,2010.
[5] S. Tricarico, F. Bilotti, and L. Vegni, “Multi-functional dipole antennas based on artificial magnetic
metamaterials”, [IET Microw. Antennas Propag., vol. 4, no. 8, pp. 1026-1038, 2010.
[6] Alici, K.B., Serebryannikov, A. and Ozbay, E., “Radiation properties and coupling analysis of a
metamaterial based, dual polarization, dual band, multiple split ring resonator antenna”, J. Electromagnet.
Wave., Vol. 24, pp. 183-1193, 2010.
[7] Alu, A., Bilotti, F., Engheta, N. and Vegni, L., “Subwavelength, compact, resonant patch antennas loaded
with metamaterials”, IEEE Trans. Antennas Propag., Vol. 55, pp. 13-25, 2007.

5|Page Online ISSN: 2456-883X Website: www.ajast.net



-k' Asian Journal of Applied Science and Technology (AJAST)
AST (Open Access Quarterly International Journal) Volume 2, Issue 3, Pages 01-07, July-September 2018

EXCELLENCE THROUGH RESEARCH

[8] P. Y. Chen and A. Alu, “Sub-wavelength elliptical patch antenna loaded with p-negative metamaterials”,
IEEE Trans. Antennas Propag., vol. 58, no. 9, pp. 2909-2919, 2010.

[9] Barbuto, M., Bilotti, F. and Toscano, A., “Design of a multifunctional SRR loaded printed monopole
antenna”, Int. J. RF Microw. Computer-Aided Eng., Vol. 22, pp. 552-557, 2012.

[10] Bilotti, F., Alu’, A. and Vegni, L., “Design of miniaturized metamaterial patch antennas with -negative
loading”, IEEE Trans. Antennas Propagat., Vol. 56, pp. 1640-1647, 2008.

[11] Musale P, Khobragade S V and Anitha V R., “Capacitive feeding for slotted microstrip patch”, IEEE,
URSI General assembly and scientific symposium, pp. 1-4, Istanbul, 2011.

[12] Gupta S, Dhillon S S, Kheraa P and Marwaha A, “Dual band U-slotted microstrip patch antenna for C
band and X band radar 5th applications”, IEEE International conference on computational intelligence and
communication networks (CICN), pp. 41-45, Mathura, 2013.

[13] Jia-Yi Sze and Wie-Shan Chaang, “Dual-band square slot antenna with embedded crossed strips for
wireless local area network applications”, IEEE Letter on Microwave and Optical Technology, Vol. 51, pp.
435-439, 2009.

[14] Paswan, P.; Mishra, V.; Pate el, P.N.; Dwivedi, S., “Performance enhancement of coaxial feed
MMicrostrip patch antenna using left-handed metamaterial cover”, Electrical, Electronics and Computer
Science (SCEECS), IEEE Students' Conference on, pp. 1-2, March 2014.

[15] Sharma, A.K.; Reddy, B.V.R.; Mittal, A., “Slot Loaded Microstrip Patch Antenna for WLAN and WiMax
Applications”, Computational Intelligence & Communication Technology (CICT), IEEE International
Conference, pp. 13-14 Feb. 2015.

[16] Sultan Can, A. Egemen Yilmaz, “Hexagon Shaped Metamaterial-Loaded Antenna for Ku Band
Application”, 9th International conference on Electrical and Electronics Engineering(ELECO), IEEE,
pp.324-327, Nov 2015.

[17] Rahul Rajoria, “Microstrip Patch Antenna Loaded with Squares Shapes Metamaterial Structure For
Bandwidth Improvement and Return loss”, International Journal of Electrical and Electronics Engineering
(JEEE), Vol. 4, pp. 1-5, 2014.

[18] Jose L. da Silva,Humberto D. de Andrade, Humberto C. C. Fernandes, Isaac B. T. da Silva,ldalmir de S.
Q. Junior, Jonathan P. P. pereira,and Almir S.S.Neto, “Microstrip Patch Antenna Project with Split Ring
Resonator Periodically Arrayed on the Substrate” , Microwave and optical technology letters, Vol. 57, pp.
2715-2720, Dec 2015.

[19] Kirti Inamdar, Y. P. Kosta, and S. Patnaik, “Criss-Cross Metamaterial-Substrate Microstrip Antenna with
Enhanced Gain and Bandwidth”, Radio electronics and Communication Systems, Vol. 58, No. 2, pp. 69-74,
2015.

[20] Bilal TUTUNCUI and Hamid TORPI2, “Omega-shaped metamaterial lens design for microstrip patch
antenna performance optimization at 12 GHz”, 10th International Conference on Electrical and Electronics

Engineering (ELECO), IEEE, pp. 987-990, Nov-Dec 2017.

6|Page Online ISSN: 2456-883X Website: www.ajast.net



-&’ Asian Journal of Applied Science and Technology (AJAST)
AST (Open Access Quarterly International Journal) Volume 2, Issue 3, Pages 01-07, July-September 2018

EXCELLENCE THROUGH RESEARCH

[21] Abhishek Vyas, S.S. Dhakad, “Microstrip Patch Antenna Loaded with Shapes of Triangle and Circle using
Metamaterial Structure”, International Journal of Engineering and Advanced Technology (IJEAT), Volume-3,
Issue-5, pp. 169-172, June 2014.

[22] Rajesh Saha, Santanu Maity, “Ameliorate of Bandwidth and Return Loss of Rectangular Patch Antenna
Using Metamaterial Structure for RFID Technology”, Journal of Engineering Science and Technology, Vol.
11, No. 9, pp. 1249-1262, 2016.

[23] Sayantan Mazumder, Saswata Sundar Laga, “Design and Simulation of II(Pi) Shape Metamaterial in
Micro-strip Patch Antenna”, International Journal of Scientific & Engineering Research, Volume 8, Issue 3,

pp. 99-104, March 2017.

7|Page Online ISSN: 2456-883X Website: www.ajast.net



