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Abstract 
 
A circular polarized (CP) open slot wideband CPW feed antenna intended for 

the measurement of Electromagnetic Interference (EMI) in the accelerometer 

used in X-Ray FEL is presented. In general, Wideband antennas used for 

EMI measurements are usually linear polarized, resulting errors in 

measurement due to polarization mismatching and antenna alignment 

constraints. Presented work is wideband CP antenna operating in C-band. It 

consists of a open slot and a rectangular feed line. The open slot consists of a 

rectangular patch and a grounded rectangular stub. The rectangular stub 

controls the impedance of the slot and hence influences impedance matching 

of the antenna. Ground is loaded with a rectangular notch which is at right 

side of feed, which helps for the wideband nature. The proposed antenna 

exhibits circular polarized behavior for the frequency range extending from 

5.2 GHz – 7.2 GHz. The design is developed in the CST – MWS studio suite 

software. 
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1 Introduction 
 

Electromagnetic environment of an electronic device can be assessed by 

frequency selective devices working as field sensors such as voltmeter 

coupled with an antenna, which will measure the field strength. The 

parameters like selectivity, sensitivity and image rejection are the key factors 

which must be within the acceptable limits. Electromagnetic Interference 

(EMI) is a major parameter of concern in the development of any electronics 

system. With the advancement in technology now a days we don’t have a 

dedicated system for every application but we have a single system which 

can serve for multiple application. Designing of systems with multiple 

applications involves integration of hardware of multiple applications in a 

single system which is possible because of the advancements in the VLSI 

industry and availability of components in a compact size. But with 

integration of many electronic components in a single system in a compact 

manner leads to interference of currents and associated fields of one 

component on another component which will indeed impact the performance 

of the complete system. So these interferences are to be taken care to achieve 

the required efficiency of the system. To measure these fields we need a EMI 

measurement device and antenna places a major role in the EMI 

measurement device. Linear polarized antennas are usually implemented in 

the measurement setup for analyzing field coupling. But linear polarized 

based measurement setup suffers from the demerits of polarization 

mismatching, high polarization loss factor and sensitivity to antenna 

orientations and requirement of continuous alignment between transmitting 

and receiving systems. So in order to overcome these shortcomings, circular 

polarized antennas are used as an alternative to linear polarized antennas.  

 

  2 Literature Survey 
 

Major contributions were done by researchers in this area to provide a 

best candidate for the EMI measurement system. In [1] circular polarization 

(CP) is achieved using multiple feeds and cavity backed slot which is 

realized using Wilkinson power divider. Here by using multiple feed authors 

are able to generate orthogonal fields by positioning the feeding areas in 

orthogonal directions. In [2] concept of notch slots is introduced to improve 

CP performance. In ultra wideband antennas the polarization of the antenna 

is effected by the surrounding frequency of operations, To avoid these effects 

and to improve the CP properties of the antenna authors have used the 

notched band technique in the surrounding regions of the frequency at which 

CP is required. There by reducing the effect of surrounding frequencies on 

the CP property. In [3] integrated square slot rings and [4] slit etched in 

ground plane have been used to excite circular polarization. Here slots are 

made in the ground plane to get CP instead of patch because if we do the  
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same slots in the patch then the fields generated in the patch are not uniform 

and it will effect the radiation pattern of the antenna. Meta-surface based slit 

loaded antenna is analyzed in [5] as a new method for achieving CP 

performance. In [6] authors described a technique to increase the axial ration 

bandwidth of a circular polarized monopole antenna. Here the ground plane 

is slotted to induce additional currents which will enhance the bandwidth of 

the antenna. In [7] a coplanar wave guide fed antenna is proposed, In this 

design a slot is etched in the patch to enhance the antenna bandwidth and 

made the antenna a broadband antenna. Here a open slot is etched at the 

corner of the patch to modify the electrical field directions and to achieve the 

circular polarization.  In [8] a coplanar wave guide fed antenna is proposed, 

In this design a square slot is etched in the patch to enhance the antenna 

bandwidth and made the antenna a ultra wideband antenna. Here inverted L 

shaped strips are introduced in the patch to modify the movement of the 

electrical field and thus circular polarization is achieved. In [9]  authors 

presented a wideband circular polarized antenna, here they used the 

techniques of patch truncation and introducing air cavity in between the 

substrate and the ground plane to enhance the bandwidth of the antenna and 

also to achieve the circular polarization. In [10] authors proposed a cuboid 

structure for the antenna, here multiple antennas were aligned into cuboid 

structure to take advantage of the cuboid structure to develop antenna 

radiation beams in the required directions. Many other techniques were 

discussed in [11-15] but each has a limitation when checked with the 

requirements for a antenna for EMI measurement system. 

 

3 Configuration of Antenna 
 

Figure 1 depicts the top view of the antenna and its dimensions are 

shown in Table I (mm). It is modeled on FR4 epoxy having Ɛr = 4.4 with a 

size of 30 mm × 30 mm × 1.6mm structure having a 50Ω microstrip feed. 

Unlike the conventional antenna with rectangular slot here we have a tapered 

ground with open slot, To vary the impedance of the antenna a metallic arm 

is placed in the ground in such a way that it will project into the ground plane 

and excites two modes (even-odd) which are maintained in phase quadrature, 

which is an essential requirement for exciting circular polarization. Proposed 

antenna shows wideband circular polarization characteristics with a CP 

bandwidth of 2000MHz. Equations used to calculate the antenna dimensions 

are as follows  
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                           (3) 

 

         (4) 
 

   

                                                (5) 
 

 

Table 1: Antenna Dimensions 

a b l1 l2 l3 l4 l5 l w w1 

2.34 2 20 3.74 13 13 17.6 30 30 12 

w2 w3 w4 f1 f2 o1 
    

   4 3.94 5.2 2.05 3.2 2.8     

 
 

              Figure 1: Schematic View 
 

3.1. Steps for Antenna Improvement 
 

Different stages in the evolution of antenna are in figure 2 it shows the 

different antenna Stages of designing the antenna in a hierarchical approach. 
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                        Stage I                          Stage II                         Stage III 
 

 

 

 

 

 

 

 

 

 

 

 

                      Stage IV            Stage V                           Stage VI 

    Figure 2: Antenna Design Stages 
 

The S11and axial ratio plot at different antenna Stages are illustrated in 

figure 3 and figure 4. In Stage I we have a closed hexagonal slot energized 

by a 50Ω feed line, exhibiting linear polarized nature. Stage II involves 

incorporation of open slot followed by a rectangular radiating patch in Stage 

III. 

In stage IV a rectangular grounded stub is protruded into the slot which 

generates two orthogonal modes (even-odd) in phase quadrature, which is 

confirmed by sudden drop in axial ratio value shown by blue curve in figure 

4.Stage V results in improved impedance matching by varying impedance of 

feed line. Finally a rectangular notch is etched in ground to the right side of 

feed, (Stage VI) responsible for introducing wide band nature. 

Figure 3 depicts the return loss of the antenna for various stages in the 

evolution of the proposed antenna. Here we can observe that the antenna 

frequency response is enhanced with the introduction of various components 

in the antenna design. 
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            Figure 3:S11 at different stages 

Figure 4 shows the axial ratio plots of the antenna for various stages in 

the evolution of the proposed antenna. Here we can observe that the axial 

radio bandwidth is enhanced with various design modifications and finally in 

design VI we can observe a axial ratio bandwidth of 2000MHz.   

              Figure 4: Axial ratio at different stages 
 

2.2. Surface Current Distribution and Mode Excitation 
 

Figure 5 shows the surface current density distribution in radiating patch 

as well as in the ground plane at 6.2 GHz for four time instants. As the 

dominant current vectors rotate in anticlockwise direction in azimuthal plane 

with advancing time, the fields radiated will be RHCP in +z direction and the 

antenna is operating as a broadside antenna with right handed circular 

polarized nature. 
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         t=0                 t=90 

                                     t=180              t=270 
  

      Figure 5: Surface current vectors at 6.2 GHz 
 

Figure 6 depicts the electric field distribution existing between feed line 

and ground plane (cpw gap). From field pattern it is conformed that 

orthogonal even-odd modes are maintained in phase quadrature at center 

frequency for generating circular polarization. 

 

                 t = 0: Evenmode     t = 90: Oddmode 
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              t = 180: Even mode      t = 270: Odd mode 

Figure 6: Electric field distribution in CPW Feed 

Table 2 below presents the comparison of the proposed antenna with 

the existing models. We can observe that the proposed antenna is far 

better in terms of size and bandwidth when compared to existing models. 
Table 2: Comparison Table 

Reference Dimension 
(mm) 

fc 

(GHz) 

Axial 
Ratio 

Bandwi

dth 
(MHz) 

 
[6] 

 
40×39 

 
4.2 

 
370 

[7] 55×55 3.3 320 

[8] 56×44 4.9 850 

[9]         50×50 3.7 1000 

[10] 60×60 5.9 1952 

Proposed 
Antenna 

 
30×30 

 
6.35 

 
2000 

 

4 Results 
 

S11 of the proposed antenna is shown in figure 7 and it illustrates that 

proposed antenna covers a operating range from 4.8-7.9 GHz.  

 

                                 Figure 7: S11 of the proposed antenna 
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Input impedance of antenna is verified by VSWR and Smith chart plot 

depicted in figure 8 and figure 13 respectively. The VSWR value is less than 

2 for the entire operating frequency range of 4.8-7.9 GHz.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                           Figure 8: VSWR 

 

The circular polarized behavior extends from 5.2-7.2 GHz and is by 3 dB 

axial ratio shown in figure 9. The normalized radiation patterns at 5.4GHz 

and 6.1GHz are plotted in figure 10 and figure 11, which confirms the right 

handed circular polarized behavior of antenna with stable radiation pattern 

characteristics. Gain of antenna is plotted in figure 12 which conforms 

maximum achievable gain is about 3.8 dBi. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                               Figure 9: Axial ratio 
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Figure 10: Normalized radiation pattern at 5.4 GHz: (i) xz plane, (ii) yz plane 

 

                             

 
Figure 11: Normalized radiation pattern at 6.1 GHz: (i) xz plane, (ii) yz plane 

 

 

 
 

    

 

 

 

 

 

 

 

 

 

 

 

            Figure 12: Gain 
 

 Input impedance of antenna is verified by Smith chart plot depicted in 

figure 13, here we can observe that the antenna impedance is around 50Ω for 

the entire operating frequency bandwidth. 
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     Figure 13: Smith Chart for input impedance matching 

 

5 Conclusion 
 

A open slot wideband CPW feed antenna with circular polarization is 

presented. Wideband nature is attributed to the tapered ground structure, 

resulting in gradual variation in slot impedance. Circular polarization is 

generated by electromagnetic coupling between rectangular grounded stub 

and radiating patch. Impedance matching is improved by using impedance 

transformer feed line and loading a rectangular notch in ground plane. It 

exhibits RHCP and can be used for EMI measurement with reduced 

polarization mismatch losses. Proposed antenna model is intended for the 

measurement of Electromagnetic Interference (EMI) in the accelerometer 

used in X-Ray FEL applications. 
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