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Abstract 

High gains with highly efficient circularly polarized (CP) microstrip planar and conformal cylindrical patch 

antenna are designed for ISM band. Dumbbell shaped slot is incorporated at the centre of an irregular hexagonal 

radiator for the production of circular polarisation with high gain.  The simulated results indicate impedance 

mismatch loss (S11) bandwidth of 78.8 MHz and an axial ratio bandwidth (AR) of 10.3 MHz for planar patch.  

However the impedance mismatch loss bandwidth and AR bandwidth comes out to be 46.2 MHz and 10.6 MHz  

for conformal cylindrical patch antenna  respectively which shows that return loss bandwidth is dropped down 

by almost 42% for the case of conformal cylindrical antenna and axial ratio bandwidth remains almost similar.  

Axial Ratio beam-width for Phi = 0 degree
 
are 83 degree and 61 degree for planar patch and conformal patch 

respectively. Consequently, the gain obtained in planar patch is 8.79 dBic with the efficiency of 96.33% and in 

the case of conformal patch, the gain comes out to be 4.16 dBic with an efficiency of 95 %.  

Key words: octagonal radiators, Dumbbell shaped slots, circular polarization, Axial ratio band width, Axial ratio 

beam width.  

1. Introduction 

The exponential growth in the field of wireless communication has resulted in a boost in the 

demand of the circularly polarised antennas which are unidirectional in nature. This is 

majorly because of their features like low back radiation, cost effectiveness and stable gain. 

Moreover, they are environment friendly. In recent years, the circularly polarized patch 

antennas have gained a lot of popularity because of their certain design’s advantages like 

light weight, low profile and having the ability to be conformal to the mounting structure 

making it capable to be implemented more and more in the practical world. [1,2,3,4,5]. 

The recent technological advancements in the field of smart wireless devices have made the 

human life easier and have changed the way in which humans interact with technology. 

These wireless devices are capable of operating in the same frequency band i.e. the 2.4 GHz 

ISM (Industrial Scientific Medical) band holding the ability to shift between various wireless 

systems that too without any need of licensing procedure [4,5].  

The major widespread systems in the ISM band are Bluetooth with Zig Bee. These are mostly 

used for short ranged communication. In this paper, we have introduced novel antenna 

designs to examine the operation of antennas in this frequency band [4,5].  
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Wireless communication and WLAN (Wireless Local Area Network) act as the backbone of 

any organisation. It is not possible to imagine the operation of industries without a robust 

wireless connection system. Wireless communication requires high channel capacity, high 

isolation along with high data rate. This surge has resulted in the demand of broadband and 

miniaturised antennas [6]  

 

 

This paper aims to propose two novel designs of circularly polarized patch antenna. The 

patch antenna is taken up as it is different from when compared to other types of antennas 

majorly because of its light weight, inexpensive, costing and compact size [7,8,9,10]. 

In order to overcome the issue of mismatched orientation between transmitter and receiver, 

we make use of circular polarisation [9,10]. The circular polarised EM waves tend to travel in 

helical path which makes it possible to fit in with any orientation [7,8]. Circular polarization 

is always preferred as this type of polarization is suitable solution against polarization 

mismatch [7,8,9,10]. 

Despite having low bandwidth and gain, the conformal microstrip antenna is used as to fit in 

by nearly camouflaging and bending in with the shape of surface to save space [11,12,13,14]. 

For different application like WLAN, satellite communication, spacecraft and missile 

communication etc, different type of slotted antennas has been developed and reported 

[15,16,17,18,19,20,21] . 

Circular and elliptical polarizations can be obtained using different feed arrangements. 

Circular polarisation can be produced if two orthogonal modes are excited with a π/2 time-

phase difference between them. This can be achieved by using a single or multiple feed 

systems. For a square shaped patch, the ideal circular polarised excitation can be done by 

feeding the elements at two adjacent edges in order to excite TM10 and TM01 at two adjacent 

edges [7,8,9,10]. 

2. Proposed planar and conformal patch antenna design on air substrate at 

2.40 GHz. 

The irregular octagonal patch radiator with both squared and almost cylindrical ground plane 

with air substrate demonstrated in the figure 1and 2, are designed for its circular polarisation 

at 2.4 GHz ISM band operation. Patches in both structure of Figure 1 and 2, can be 

mechanically supported on air substrate with the help of eight plastic pins placed at each 

corner of octagonal patch to the ground plane. Two crossed circular slots (also known as 

dumbbell shaped slot) having different circular loci with identical radii are cut off at the 

centre in both planar and curved radiator as shown figure 1 and 2 [15,16,17] respectively. For 

the production of the circular polarization, two orthogonal modes of electric field are 

generated using crossed circular slots (dumbbell shape)  in the centre of the patches in both 

the antennas. These crossed slots, responsible for the production two orthogonal modes TM10 
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and TM01 which results the rotation of tips of field either in clockwise of anticlockwise 

direction. 

Figure 1 represent a cross-sectional view of proposed microstrip patch antenna on air 

substrate with crossed circular slots of radii (r) cut outs diagonally in the centre of the 

asymmetrical octagonal radiator whose dimensions are denoted by ‘a’ and ‘b’ [18,19,20]. The 

dimension of squared ground plane is denoted by ‘S’ [7,8,9,10] and feeding is given along the 

X axis from the origin. 

Almost all the other dimensions as of planar antennas on air substrate kept constant; the 

radius of curvature of conformal cylindrical-rectangular patch antenna on air substrate is 

varied to get optimised results for return loss and axial ratio at the operating frequency of 

2.40 GHz. Finally, as shown in figure 2, at the optimized radius of curvature of 13.77 mm, 

the best result in terms of its return loss, 3 dB axial ratio bandwidth, 3 dB axial ratio beam 

width and gain associated with respective antennas [11,12,13,14, 18,19,20] are obtained. In 

this paper systematic study has been carried out to optimize the parameters in the EM 

simulator CST MWS [22].  

The values of all the dimensions of planar and conformal cylindrical-rectangular patch 

antennas are stated in table I. 

The concept of series- parallel impedance as shown in fig 3 arises due to the impedance of 

radiating patch and impedance of two circular slots placed diagonally on the radiator. 

2.1. Results and discussions:  planar patch antenna on air substrate versus 

conformal antenna on air substrate with optimized dimension. 

Figure 4(a-f) shows different types of plots of results showing the effect of slots on circular 

polarization. Here, the blue and red curves indicate the different antenna parameters of  

planar and conformal antennas on air substrate. Return Loss and axial ratio bandwidth for 

planar patch antenna are 78.8 MHz and 10.3 MHz respectively, whereas, for conformal patch, 

return loss bandwidth results to be 46.2 MHz and axial ratio bandwidth as 10.6 MHz. Other 

results including axial ratio beam-width at Phi = 0
 
degree is 83 degrees for planar patch and is 

61 degrees for conformal patch. The gain for planar patch is 8.79 dBic whereas for conformal 

cylindrical-rectangular patch, the gain is 4.16 dBic with the efficiencies of 96.38% and 95% 

respectively 

Magnetic field distribution at ωt = 0, 45, 90, 135 and 180 degree depicts variations in the 

distribution of the field as shown in figure 5.  At 0 degree and 180 degree, field direction is 

opposite which clearly shows LHCP (left handed circular polarization) [18,19,20]. The 

magnetic field vector lines rotate its direction continuously with time instant. This is the 

indication of circular polarisation as in the phenomenon of circular polarization the tips of 

electric and magnetic field rotate continuously which gives either LHCP or RHCP. In this 

figure 5, the tip of the magnetic field clearly shows the left-handed circular polarisation 

(LHCP). 
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Fig 6 (a-b) and Fig 7 (a-b) shows the radiation pattern of planar and cylindrical conformal 

antenna with LHCP and RHCP configuration.  Both figures gives a clear indication of LHCP 

radiation pattern. 

 

CONCLUSION 

Recently, the circularly polarized patch antenna designs have been gaining a lot of popularity 

because of their extensive usage in fields like RFID (Radio Frequency Identification), WLAN 

and satellite communication systems. Moreover, patch antennas are flexible in shape and 

design [15,16,17,18,19,20]. Also, the projection area of the patch antenna can be greatly 

reduced by the addition of slots. In the presented paper, two novel circularly polarized 

antenna designs have been proposed, a planar and a conformal counterpart. Their design 

features are summarised below:- 

From the results as stated in Table 2, we can observe two different cases: 

1. In planar patch type, the return loss bandwidth increases by almost 1.7 times than 

conformal antenna on air substrate. 

2. The gain in planar patch is also increased by almost 2 times compared to conformal 

cylindrical patch antenna. However, there is a significant drop in Axial ratio beam width in 

conformal antenna at Phi = 0
0
. 

Acknowledgment 

The authors of this article are obliged and thankful to get support from Manipal University, 

Jaipur, Rajasthan. 

REFERENCE 

[1] Somani, A. K., Shekhawat  R. S., Mundra  A., Srivastava S., & Verma  V. K. (Eds.). 

(2020). “Smart Systems and IoT: Innovations in Computing,” Smart Innovation, Systems 

and Technologies. doi:10.1007/978-981-13-8406-6  

[2]  K. L. Wong and Y. F. Lin, “Circularly polarized microstrip antenna with a tuning stub,” 

Electron. Lett., vol. 34, No. 9,  pp. 831–. 832, 1998 

[3] Tang  X., Wong  H., Long Y.,  Xue  Q., & Lau  K. L. (2012), “ Circularly Polarized 

Shorted Patch Antenna on High Permittivity Substrate With Wideband,” IEEE 

Transactions on Antennas and Propagation, 60(3), 1588–1592. 

doi:10.1109/tap.2011.2180307  

[4]  Sikora A., & Groza V. F., “Coexistence of IEEE802.15.4 with other Systems in the 2.4 

GHz-ISM-Band” 2005 IEEE Instrumentation and Measurement Technology Conference 

Proceedings. doi:10.1109/imtc.2005.1604479  

[5] A. Kamerman and N. Erkocevic, “Microwave oven interference on wireless LANs 

operating in the 2.4-GHz ISM band,” in Proc. 8th IEEE Int. Symp. Personal, Indoor and 

Mobile Radio Communications, Helsinki, Finland, Sept. 1997, pp. 1221–1227 



5 
 

[6] Kumar, P., “A T shaped microstrip antenna for wireless local area network (WLAN) 

applications,” in Proceedings of 2017 International Conference on Multimedia, Signal 

Processing and Communication Technologies (IMPACT), pp. 147–150 (2017) 

 

[7] Nasimuddin, Y. S. Anjani, and A. Alphones, “A Wide-Beam circularly polarized 

Asymmetric-Micro-strip Antenna " IEEE Transactions on Antennas and Propagation 

2015. 

[8] Nasimuddin, Zhi Ning Chen, and Xianming Qing, "Slotted Micro-strip Antennas for 

Circular Polarization with Compact Size" IEEE Antennas and Propagation Magazine, 

VOL. 55, NO. 2, April 2013. 

[9] Pendli Pradeep, S.K. Satyanarayana and M. Mahesh, “Design and analysis of a circularly 

polarized omnidirectional slotted patch antenna at 2.4 GHz” ICTACT Journal on 

communication technology, September 2020, volume: 11, issue: 03 

[10] Junlong Li, Hui Liu,  Shuai Zhang, Miaohui Luo, Yuan Zhang, Sailing He, “A 

Wideband Single-Fed, circularly polarised patch antenna With Enhanced Axial Ratio 

Bandwidth for UHF RFID Reader Applications” IEEE Access Year: 2018 Volume: 6. 

[11] R. E. Munson, “Conformal Microstrip Antennas and Microstrip Phased Arrays”, IEEE 

Trans. Antenna Propagate, vol. AP-22, no. 1, January 1974, pp. 74-78. 

[12] Kin-Lu wong, “Design of Nonplanar Microstrip Antennas and Transmission lines,” John 

Wiley & Sons, Inc.1999. 

[13] T. M. Habashy, S. M. ali, and J. A. Kong, “Input impedance and radiation pattern of 

cylindrical rectangular and wrapround microstrip antennas”, IEEE Trans. Antennas 

Propagat., vol. 38, pp. 722-731, may 1990. no.2 Feb 1989.  

[14] C.M.Krowne, “Cylindrical rectangular microstrip antenna.” IEEE Trans. Antennas 

Propagat., vol. AP-31. pp. 194-199, 1983. 

[15] Shi Y., & Liu J. A “Circularly Polarized Octagon-Star-Shaped Microstrip Patch Antenna 

With Conical Radiation Pattern,” IEEE Transactions on Antennas and Propagation, 

66(4), 2073–2078. doi:10.1109/tap.2018.2800801(2018).  

 

[16] J. Wu and K. Sarabandi, “Compact Omnidirectional Circularly Polarized Antenna,” 

IEEE Trans. Antennas Propag., vol. 65, no. 4, pp. 1550–1557, 2017 

 

[17] Y. Ma, J. Li, and R. Xu, “Design of an Omnidirectional Circularly Polarized Antenna,” 

IEEE Antennas and Wirel. Propag. Lett., vol. 16, pp. 226–229, 2017. 

[18] Imran A. I., & Elwi T. A., “A cylindrical wideband slotted patch antenna loaded with 

Frequency Selective Surface for MRI applications”, Engineering Science and 

Technology, an International Journal, 20(3), 990–996. doi:10.1016/j.jestch.2017.04.001 

 

[19] Anish Vahora and Killol Pandya, “Implementation of Cylindrical Dielectric Resonator 

Antenna Array for Wi-Fi/Wireless LAN/Satellite Applications’, Progress In 

Electromagnetics Research M, Vol. 90, 157–166, 2020 



6 
 

[20] Lei Zhang, Jinrong Su, Xinwei Chen, “A single-feed tri-band conformal circularly 

polarized dual-annular slot antenna,” 2019 Cross Strait Quad-Regional Radio Science 

and Wireless Technology Conference (CSQRWC), dated 18-21 July 2019 Taiyuan, China. 

 

[21] Swapnil Narke, D.C. Gharpure, S. Ananthakrishnan, C. Bhattacharya, “Design of 

conformal aperture coupled microstrip patch antenna on cylindrical bodies with circular 

polarization” 2019 URSI Asia-Pacific Radio Science Conference (AP-RASC) 

DOI: 10.23919/URSIAP-RASC.2019.8738303 

[22] CST MWS: supported by Manipal University Jaipur Rajasthan 

 

 

 

 

 

Figure No. Figure Captions 

Figure 1 Labelled diagram of proposed planar patch antenna design on air substrate 

[7,8,9,10] 

Figure 2 Labelled diagram of proposed conformal patch antenna design on air substrate 

[11,12,13,14] 

Figure 3 Labelled diagram of input impedance of proposed planar and conformal patch 

antenna design on air substrate [7,8,9] 

Figure 4 Simulated Results of both antennas (a) Axial Ratios (3dB) (b) Return loss (c) 

Axial Ratio Beam-width (3dB)  (at Phi = 0°); (d) Efficiencies (e) Impedance in dB 

vs frequency  (f) Gains  

Figure 5. 

 

 Magnetic field distributions at 2.4 GHz on patch of (a) planar type patch antenna 

(b) conformal cylindrical-rectangular patch antenna at different time instants. Both 

antennas are on air substrate.  

Figure 6 3 D radiation pattern planar antenna (a) LHCP pattern and (b) RHCP pattern 

Figure 7 3 D radiation pattern cylindrical antenna (a) LHCP pattern and (b) RHCP pattern. 

 

 

 

Table No. Table Captions 

Table 1 Optimized dimensional comparison of planar antenna and conformal antenna on 

air substrate 

Table 2 Result comparison between planar and conformal patch antenna on Air substrate. 
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(e)            (f) 
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Figure 6 
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      Figure 7 

       

   (a)                                  (b) 

 

Table 1 

 

Antenna 

type 

Radius of 

curvature, R 

Radius of crossed 

Circular slots 

(Dumbbell shaped 

slot) on the patch 

 

Distance between 

Centres of two 

circles ‘c’ 

Dimension of 

octagonal patch 
Dimension of ground 

plane (S) 
a b 

Planar Infinite 5.16 mm 5.91 mm 15.3 mm 21.58 mm 75 mm X 75 mm 

Conformal 13.77 mm 5.16 mm 5.93 mm 15.3 mm 21.58 mm 
Equivalent to ground plane 
of planar patch with radius 

of curvature = 13.77 mm 
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Table 2 

 

Antenna Parameters Planar Type Conformal Type 

Return Loss Bandwidth in MHz 
78.8  46.2 

Axial Ratio Bandwidth in MHz 
10.3 10.6 

Gain in dBic 
8.79 4.16 

Efficiency in % 
96.6 95  

Axial Ratio beam-width at Phi=0 

in degree 

83  61 
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