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 A wideband compact antenna with wo Bandwidth enhancement techniques 

intended for radiolocation applications is presented. Defective ground 

structure (DGS) is used to enhance the bandwidth and complimentary split ring 

resonator (CSRR) has been used to generate the bandwidth at the lower 

frequency of the antenna which brings compact nature. A coax feed patch 

antenna radiating at X-band frequency of 10 GHz is loaded with DGS  

and CSRR. Proposed antenna with a bandwidth of 3.4 GHz has shown  

a considerable enhancement in the antenna bandwidth when compared with 

the antenna with CSRR alone which is having a bandwidth of 1.15 GHz and  

a basic patch antenna whose bandwidth is 0.91 GHz. Proposed antenna is 

having omni directional radiation pattern with a gain of 5.01 dB and without 

any null in the coverage area. A great increase in the current fields can be 

observed that the field currents by loading the patch and ground with CSRR 

and DGS respectively. The patch currents have increased from 2.76 v/m to 

3.25 v/m and the ground currents have increased from 0v/m to 2.45 v/m. 

Proposed antenna has been realized and its performance is measured using 

vector network analyzer, a near match in between the simulated result and 

measured result is observed. 
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1. INTRODUCTION 

One of the basic requirements of any RF device design these days is to have a compact structure  

for which we need a compact antenna with high bandwidth and a considerable gain to meet the data transfer 

needs of multiple applications. By having compact wideband antennas, the overall system size will be very 

small and it can accommodate multiple applications. Radiolocation is one such application, which require  

a compact handheld device to locate the objects beneath the ground. These systems should consume low power 

to have long working hours and to be user friendly the device should be of small size. To meet this requirement 

many researchers have proposed techniques to enhance the antenna parameters and to bring compactness to 

the antenna, like taking the substrates with high dielectric constant to achieve compactness but the cost of  

the system is increasing. We can also try increasing the electrical length of the patch by etching slots  

in the patch but it is affecting the radiation pattern of the antenna as the field current distribution of the antenna 

elements are affected. Nulls will form in the radiation pattern when we etch slots and there will be no uniformity 
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in the pattern. Similarly, different techniques like loading patch with CSRR structures, introducing VIA’s were 

proposed but every technique is having some disadvantage making it not useful for the proposed application.  

Yi Hong Xie in [1] proposed loading a CSRR in the ground plane for dual band operation. But Both 

the bands are very narrow and resonating with linear polarization. Mohammad Saeed Majedi in [2] proposed 

introducing two verticals metallic VIAs and are loaded into the rectangular patch for dual band operation but 

the impedance bandwidth at both the bands is low. But Binfeng Zong in [3] proposed four annular ring slot 

loaded Mushroom Unit Cells are loaded into the patch for dual band operation. But the 10-dB return loss 

bandwidth at patch mode band and left-hand band is low. Many researchers proposed loading of a single CSRR 

structure in patch or in the ground to achieve dual frequency of operation and compact size. Hui Zhang [4] 

proposed an antenna in which two types of CSRRs are presented of which one is perpendicular and the other 

is parallel. Perpendicular CSRR is useful for generating wide bandwidth where as the parallel type CSRR is 

useful for generating dual bands. In this way dual frequency of operation is generated. In general, CSRR 

structures are loaded in the radiating element. But J. X. Niu [5] proposed a new technique of loading a CSRR 

in the ground plane for dual band operation. But Both the bands are very narrow and resonating with linear 

polarization. Several single-layer, single-feed CSRR loaded antenna structures are suggested for dual band 

operation where researchers used CSRR either for loading into the patch or into the ground plane. However, 

the reported 10-dB return loss bandwidth at both the bands is narrow.  

Thus, these antennas do not serve the modern-day requirements [6-25]. For all the above-mentioned 

techniques we are able to achieve compactness but the bandwidth of the antenna is very low at both  

the operating frequencies. If we can design a CSRR structure and a DGS structure such the generated new 

frequency by CSRR is nearer to the lower side of fundamental frequency of the antenna and the generated new 

frequency by DGS is nearer to the upper side of fundamental frequency of the antenna then we can increase 

the bandwidth of the antenna and this technique is presented in this communication. A DGS and CSRR loaded 

compact wideband antenna is proposed in this communication to overcome all these drawbacks and serve  

for radiolocation application.  

 

 

2. PROPOSED ANTENNA 

A wideband antenna is presented in this communication which is having compact characteristic and 

can be used for the radiolocation applications. A basic coax feed patch antenna radiating at X-band frequency 

of 10GHz is loaded with DGS and CSRR. The overall size of the antenna is 15mm × 15mm × 1.6mm. Proposed 

antenna is designed and reliazed on a FR4 laminate. In the basic antenna the fundamental structure of  

the radiating element is a rectangular sheet and the ground plane is a uniform structure. Then in the next stage 

the radiating element is loaded with the CSRR structure to increase the bandwidth at the lower side of  

the resonating frequency and making the antenna a compact one. And in the further stage a DGS is loaded  

in the ground plane to increase the bandwidth of the antenna at the higher side of resonating frequency making 

the antenna a wideband antenna. The top view and rare view of fundamental antenna are shown in Figure 1 (a) 

and Figure 1 (b). Patch loaded with CSRR structure is presented in Figure 1 (c) and the CSRR structure is 

presented in the Figure 1 (d). Figure 1 (e) shows the antenna ground plane loaded with DGS structure.  

The optimized final dimensions of the proposed antenna are presented in the Table 1. The design equations for 

calculating the rectangular patch are given below: 
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(a) (b) (c) 

   

  
(d) (e) 

 

Figure 1. Basic and proposed antenna structures, (a) top view of basic antenna, (b) rare view of basic 

antenna, (c) antenna patch loaded with CSRR, (d) CSRR, and (e) antenna ground loaded with DGS 

 

 

Table 1. Optimized antenna parameters. 
Parameter Value(mm) 

a 15 

b 6.1 
c 7 

d 2.8 

e 1.4 
f 0.4 

g 1.8 

h 5 
i 2 

j 4 

k 8.6 
 

 

 

3. RESULTS AND ANALYSIS  

Figure 2 shows the return loss of the antenna and Figure 3 shows the voltage standing wave ration  

of the antennas. From Figure 2 we can observe that the proposed antenna with CSRR and DGS loaded is having 

a bandwidth of 3.4 GHz and has shown a considerable enhancement in the antenna bandwidth when compared 

with the antenna with CSRR alone which is having a bandwidth of 1.15 GHz and a basic patch antenna whose 

bandwidth is 0.91 GHz. The antenna loaded with both CSRR and DGS is having a bandwidth ranging from 

9.01 GHz to 12.41 GHz and the antenna loaded with CSRR is having a bandwidth ranging from 9.12 GHz to 

10.27 GHz. The basic rectangular patch antenna is having a bandwidth ranging from 9.66GHz to 10.57 GHz. 

At all the above frequencies the return loss value is less than -10 dB which is the impedance bandwidth of  

the antenna.  

VSWR plot of the proposed antenna along with basic antenna and CSRR loaded antenna is presented 

in the Figure 3. The antenna loaded with both CSRR and DGS is having a VSWR ranging from 9.01 GHz to 

12.41 GHz and the antenna loaded with CSRR is having a VSWR ranging from 9.12 GHz to 10.27 GHz.  

The basic rectangular patch antenna is having a VSWR ranging from 9.66 GHz to 10.57 GHz. At all the above 

frequencies the VSWR value is less than 2 dB which is the impedance bandwidth of the antenna. 

The gain of the proposed antenna in terms of the elevation gain and azimuthal gain patterns are shown 

in the Figure 4. The gain pattern in both the planes is similar which indicated that the antenna is radiating 

uniformly in all the directions. Figures 4 (a) and 4 (b) shows the elevation gain and azimuthal gain patterns of 

the basic antenna, CSRR loaded antenna and antenna with DGS and CSRR respectively, A decrement in gain 

value by 0.7 dB can be observed for the antenna with DGS & CSRR when compared to remaining two models.  
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Figure 2. Return loss 
 

 

 
 

Figure 3. VSWR 
 

 

 
(a) 

 

 
(b) 

 

Figure 4. Gain at 10GHz, (a) elevation plane and (b) azimuthal plane 

 

 

The radiation pattern of the antenna at the X-band operating frequency of 10GHz is presented in  

the Figures 5 and 6. Figure 5 shows the radiation patterns of the basic antenna, CSRR loaded antenna and DGS 

& CSRR loaded antenna in the elevation plane while Figure 6 shows the same in the azimuthal plane. Here in 

both the cases we can observe that the radiation pattern of the antenna is not affected by introducing the CSRR 

and DGS into the basic antenna even though we etched the CSRR in the radiating element and DGS in  

the ground plane. 
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Figure 5. Elevation plane patterns 
 

Figure 6. Azimuthal plane patterns 
 
 

The current distributions of the proposed antennas at the X-band operating frequency of 10 GHz is 

presented in the Figure 7. Figure 7 (a) shows the current distributions of the basic antenna while Figure 7 (b) 

shows the current distributions of the CSRR loaded antenna. Here we can see that the field current has increased 

from 2.76 V/m in basic antenna to 3.25 V/m in CSRR loaded antenna. And this is due to the additional currents 

generated because of the introduction of the CSRR structure which is presented in figures below. Similar effect 

can be observed from Figure 7 (c) which shows the current distributions in ground plane of the basic antenna 

and Figure 7 (d) which shows the current distributions of the DGS loaded antenna. Here we can see that  

the field current has increased from 0 V/m in basic antenna to 2.45 V/m in DGS loaded antenna. The realized 

antenna model and its measurement using vector network analyzer is shown in the Figure 8. Figure 8 (a) 

presents the realized antenna model and Figure 8 (b) presents the measurement of antenna. 
 

 

  
(a) (b) 

  

  
(c) (d) 

 

Figure 7. Current distribution, (a) basic antenna, (b) antenna loaded with CSRR,  

(c) basic antenna ground plane and (d) ground plane loaded with DGS 
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(a) (b) 

 

Figure 8. Realized antenna and measurement setup, (a) Realized antenna, and  

(b) Antenna measurement using VNA 
 

 

4. CONCLUSION 

A wideband antenna is presented in this communication which is having compact characteristic and 

can be used for the radiolocation applications. Two Bandwidth enhancement techniques were integrated  

in the proposed model. Defective ground structure (DGS) is used to enhance the bandwidth and the technique 

of complimentary split ring resonator (CSRR) has been used to generate the bandwidth at the lower frequency 

region of the antenna to bring compact nature. A basic coax feed patch antenna radiating at X-band frequency 

of 10 GHz is loaded with DGS and CSRR. The overall size of the antenna is 15mm×15mm×1.6mm. Proposed 

antenna is designed and reliazed on a FR4 laminate. Proposed antenna with a bandwidth of 3.4 GHz has shown 

a considerable enhancement in the antenna bandwidth when compared with the antenna with CSRR alone 

which is having a bandwidth of 1.15 GHz and a basic patch antenna whose bandwidth is 0.91 GHz. Proposed 

antenna is having an omni directional radiation pattern with a gain of 5.01dB and without any null  

in the coverage area. A great increase in the current fields can be observed that the field currents by loading 

the patch and ground with CSRR and DGS respectively. The patch currents have increased from 2.76 v/m to 

3.25 v/m and the ground currents have increased from 0 v/m to 2.45 v/m. Proposed antenna has been realized 

and its performance is measured using vector network analyzer, a near match in between the simulated result 

and measured result is observed which is evident that it can serve the X-band radiolocation application  

in a best way. 
 

 

REFERENCES 
[1] Yi Hong Xie, Cheng Zhu, Long Li, and Chang Hong Liang, “A Novel Dual-Band Metamaterial Antenna Based  

on Complementary Split Ring Resonators,” Microwave and Optical Technology Letters, vol. 54, no. 4, 2012. 

[2]  Mohammad Saeed Majedi, Amir Reza Attari, “Dual-band resonance antennas using epsilon negative transmission 

line,” IEEE Antennas and Wireless Propagation Letters, vol. 7, no. 4, pp. 259-267, 2013 

[3] Binfeng Zong, Guangming Wang, Cheng Zhou, and Yawei Wang, “Compact Low-Profile Dual-Band Patch Antenna 

Using Novel TL-MTM Structures,” IET microwaves, antennas & propagation, vol. 14, pp. 567-570, 2014. 
[4] Hui Zhang, You-Quan Li, Xi Chen, Yun-Qi Fu, and Nai-Chang Yuan, “Design of Circular/Dual-Frequency Linear 

Polarization Antennas Based on the Anisotropic Complementary Split Ring Resonator,” IEEE Transactions  
on Antennas And Propagation, vol. 57, no. 10, pp. 3352-55, 2009. 

[5] J. X. Niu, “Dual-band dual-mode patch antenna based on resonant-type metamaterial transmission Line,”  

IET Electronic Letters, vol. 46, no. 4, pp. 266, 2010. 

[6] Balanis C. A., “Advanced engineering electromagnetics,” Wiley, New York, 2012. 

[7] Sekhar M., Siddaiah P., “Triple Frequency Circular Patch Antenna,” 2014 IEEE International Conference  

on Computational Intelligence and Computing Research, Park College of Engineering and Tekhnology, 2014. 

[8] E. Kusuma Kumari, A. N. V. Ravi Kumar, “Wideband High-Gain Circularly Polarized Planar Antenna Array for L 

Band Radar,” 2017 IEEE International Conference on Computational Intelligence and Computing Research, 

Tamilnadu College of Engineering, 2017. 

[9] E. Kusuma Kumari, A. N. V. Ravi Kumar, “Development of an L Band Beam Steering Cuboid Antenna Array,”  

2017 IEEE International Conference on Computational Intelligence and Computing Research, Tamilnadu College  

of Engineering, 2017. 

[10] Sunkaraboina Sreenu, Vadde Seetharama Rao, “Stacked Microstrip Antenna for Global Positioning System,”  

2017 IEEE International Conference on Computational Intelligence and Computing Research, Tamilnadu College  

of Engineering, 2017. 

[11] Rao N. A., Kanapala S., “Wideband Circular Polarized Binomial Antenna Array for L-Band Radar,” Microelectronics, 

Electromagnetics and Telecommunications, vol. 521, pp. 279-287, 2018. 

[12] Kanapala S., Rao N.A., “Beam Steering Cuboid Antenna Array for L Band RADAR,” Lecture Notes in Electrical 

Engineering, vol. 521, pp.485-493, 2019. 

[13] Chandrasekaran, Karthik T., Muhammad Faeyz Karim, and Arokiaswami Alphones, “CRLH structure-based  

high-impedance surface for performance enhancement of planar antennas,” IET Microwaves, Antennas & 

Propagation, vol. 11, no. 6, pp. 818-826, 2016. 



               ISSN: 1693-6930 

TELKOMNIKA Telecommun Comput El Control, Vol. 18, No. 5, October 2020:  2328 - 2334 

2334 

[14] Tomas Mikulasek, Apostolos Georgiadis, Ana Collado, and Jaroslav Lacik, “2×2 Microstrip Patch Antenna Array 

Fed by Substrate Integrated Waveguide for Radar Applications,” IEEE Antennas and Wireless Propagation Letters, 

vol. 11, pp. 1287-90, 2013 

[15] Rick W. Kindt and William R. Pickles, “Ultrawideband All-Metal Flared-Notch Array Radiator,” IEEE Transactions 

on Antennas and Propagation, vol. 58, no. 11, pp. 3358-75, 2010. 

[16] M. Akbari, M. M. Ali, M. Farahani, A. R. Sebak and T. Denidni, “Spatially mutual coupling reduction between  

CP-MIMO antennas using FSS superstrate,” Electronics Letters, vol. 53, no. 8, pp. 516-518, 2017. 

[17] Abdolmehdi Dadgarpour, Behnam Zarghooni, Bal S. Virdee, Tayeb A. Denidni, “Mutual Coupling Reduction  

in Dielectric Resonator Antennas Using Metasurface Shield for 60 GHz MIMO Systems,” IEEE Antennas and 

Wireless Propagation Letters, vol. 16, pp. 447-80, 2016. 

[18] R. Hafezifard, M. Naser-Moghadasi, J. Rashed Mohassel, “Mutual Coupling Reduction for Two CloselySpaced 

Meander Line Antennas Using Metamaterial Substrate,” IEEEAntennas and Wireless Propagation Letters, vol. 15, 

pp. 40-3, 2015. 

[19] Mohamed M. Elsewe and Deb Chatterjee, “Analysis of Nonuniform Excitation and Element Spacing in Sidelobe 

Reduction of Wideband U-Slot Microstrip Patch Phased Array Antennas”  2015 IEEE International Symposium  

on Antennas and Propagation & USNC/URSI National Radio Science Meeting, At Vancouver, BC, 2015. 

[20] Izabela Slomian, Krzysztof Wincza, and Slawomir Gruszczynski, “Experimental Verification of Sidelobe Level 

Reduction Technique for Circularly Polarized Antenna Array Fed By 8 × 8 Butler Matrix,” 2016 21st International 

Conference on Microwave, Radar and Wireless Communications (MIKON), 2016. 

[21] Mohammadmahdi Farahani, M. Akbari, Mourad Nedil, Tayeb A. Denidni, “Mutual Coupling Reduction in Dielectric 

Resonator MIMO Antenna Arrays Using Metasurface Orthogonalize Wall,” 2017 11th European Conference  

on Antennas and Propagation (EUCAP), 2017. 

[22] Mohammadmahdi Farahani, Javad Pourahmadazar, “Mutual Coupling Reduction in Millimeter-Wave MIMO Antenna 

Array Using a Metamaterial Polarization-Rotator Wall,” IEEEAntennas and Wireless Propagation Letters, vol. 16, 

pp. 1324-2327, 2016. 

[23] Ananda Rao, Nelapati, “Wideband High Gain Antenna Array with Electromagnetic Band Gap Structures for Mutual 

Coupling Reduction,” Test Engineering and Management, vol. 82, pp. 1559-64, 2020. 

[24] E. Kusuma Kumari, “Compact Circular Polarized Stacked Patch Antenna for IRNSS and GLONASS Applications,” 

Test Engineering and Management, vol. 82, pp. 1565-1571, 2020. 

[25] Rama Devi, “Wide band Reconfigurable Polarization and Beam Sweeping Antenna for Satellite Applications,” Test 

Engineering and Management, vol. 82, pp. 1572-1581, 2020. 


