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Abstract 
A circular-polarized patch antenna with compact size operating at 2.3 GHz band is 
presented. The antenna utilizes L shaped slot in the radiator in order to achieve 
circularly polarized radiation pattern. The prototype of the antenna is fabricated and is 
fed by a 50Ω strip line. The antenna achieves a symmetrical radiation pattern around 
zenith.  The measured impedance bandwidth of |S11| less than -10dB is from 2.3GHz 
to 2.35GHz and is in good agreement with simulation results. The antenna achieves 
better cross-polarization isolation of -19 dB and wider 3dB axial ratio beamwidth 
(ARBW) of -500≤ARBW≤450 at its resonating frequency. The antenna finds 
application in modern wireless communication system. 

Keywords 
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1. Introduction  

In last few decades, circularly polarized (CP) microstrip antenna serves a crucial 
role in space, missiles, airborne communications due to its lightweight, planar 
structure and ease of fabrication [1]. These applications require a better field of 
view in order to provide better coverage. However circularly polarized antennas 
suffer from narrow axial ratio beamwidth and hence lots of researches have been 
carried to enhance axial ratio beamwidth of the circularly polarized antenna. One of 
the techniques to improve beamwidth is by etching slot of appropriate shape in the 
antenna radiator and hence perturbing field current to accomplish circular 
polarization [1-6]. A diagonal slot along with square ring slot around the periphery 
is etched in the radiating patch for improving axial ratio beamwidth of the antenna 
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[2].The antenna achieves poor axial ratio bandwidth of 25MHz due to additional 
incorporation of square slits around the diagonal slot. Shaalan [3] and Lam et.al., [4] 
in their work propose a slot antenna of different shapes along with truncated corners 
for achieving CP radiation. Some other ways of enhancing the axial ratio 
beamwidth is by utilizing spiral-shaped slot with cavity backed reflector [5] and a 
mixture of a single layer magnetic dipole along with a V-shape open loop [6] for 
achieving wider axial ratio beamwidth. Luo et.al., [7] employs surface integrated 
waveguide along with crossed slots for achieving circular polarization [7]. However, 
Luo et.al., [8] in their work shows that wider axial ratio beamwidth cannot be 
achieved using crossed dipoles. Helical antenna of various configurations achieves 
CP radiation [9]. However, it increases the complexity of fabrication at higher 
frequencies. Patch antenna with suspended substrates [10] enhances the beamwidth 
and at the same time, it increases the thickness of the substrate. A set of dipoles 
folded achieves CP characteristics by altering the space between the dipoles is 
shown [11] which has increased front to back ratio. Bao and Ammann [12] in their 
work proposed dual frequency circular polarization antenna. In [13] a CP patch with 
better axial ratio beamwidth is depicted. In this paper, the problem of wider ARBW 
and good cross-polarization isolation is investigated due to its negative impact on 
signal coverage in airborne communications. Recently zero index meta-materials 
[14][15] are used to achieve high gain circularly polarized antenna. However it 
suffers from narrow band 3dB axial ratio.  Several dual polarized antenna is 
reported [17][18][19][20][21]. These antenna utilizes multilayer substrates which 
increase overall antenna profile. 
An L-slot is etched in the antenna radiator region with wider axial ratio beamwidth 
is presented. To attain CP radiation, the slot is etched at an offset distance from the 
midpoint in the radiating region. The length and width of the slot is optimized to 
achieve better ARBW and cross polarization isolation. The antenna is initially 
analyzed with HFSS simulator and the simulated results are verified with antenna 
measurement system.  The simulation result agrees with measured results and 
better suited for wireless communication systems. 

2. Methodology 

This paper proposes an L-slot antenna slot antenna fabricated on FR4 substrate. 
Compare to traditional slot antennas, the L shaped slot is etched at some offset 
distance from the center of radiating element which generates two orthogonal 
modes TM10 and TM01 with 90 degree phase difference and hence introduces 
perturbation of surface current over the patch antenna The presence of slot increases 
the electrical length of the antenna. The length and width of the slot is tuned to 
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achieve wider 3dB ARBW of the antenna with better cross polarization isolation. 

2.1. Antenna Geometry 

The structure of the L-slot patch antenna fed by 50Ω SMA connector is illustrated 
in Figure 1 and has single input with an SMA connector. The inner SMA pins are 
connected through a ground plane hole to a microstrip line. In order to match the 
impedance between the antenna and the transmission line and 50Ω quarter wave 
transformer is used. This line connects to a quarter wavelength transformer (50-ohm 
impedance, 0.96 mm wide, 12 mm length) and then to microstrip sections (2 mm 
wide, 8mm length). The antenna design is modeled on low-cost FR4 dielectric 
substrate (Fire retardant) having a relative permittivity of Ɛr = 4.4 and dielectric loss 
tangent of ζ = 0.02. The substrate thickness is taken as 1.6mm to reduce the antenna 
profile and length and width of the substrate is taken to be 50 mm x 50mm. 

 

Figure 1. Antenna Geometry (RHCP) 
The geometry shown in Figure 1 achieves right-hand circular polarization (RHCP). 
In order to achieve left-hand circular polarization (LHCP), the orientation of the L 
shaped slot has to be rotated 180 degree with respect to its center and hence 
achieves either LHCP or RHCP based on the orientation of the slot. 

2.2. Parametric Analysis 

Parametric analysis is carried on the slot dimension of the proposed model and its 
performance is discussed below. The length of the slot is given as primary 
importance since it greatly affects the operating frequency and also the purity of 
polarization. A variation of slot length and its effect on the performance of 
reflection coefficient (dB) is shown in Figure 2. The operating frequency shifts 
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towards lower band with an increase in slot length due to an increase in the 
electrical length of the antenna radiating patch when compared to the physical 
length of the antenna radiating patch.  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 2. Reflection coefficient (dB) as a function of frequency for different slot 
length 
The increase in the length of the slot also affects the purity of polarization. The 
length of the slot is chosen in such a way that, the surface current in one-half of the 
radiating element is delayed by 90 degree when compared to another side of the 
antenna. Figure 3 shows the effect of slot length over axial ratio. It is observed that at 
slot length (L) of 9 mm the model achieves optimum 3dB axial ratio.  

 
Figure 3. Axial ratio (dB) as a function of slot length (L) 

2.3 Electric field distribution 

The electric field current distributed on the square-shaped radiating patch is given 
Figure 4. It is observed that the current fields on the surface of the square patch in 
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the left half closer the corner of the slot perturbs in advance when compared to the 
current fields on the square patch in the right half distribution and this adds 90 deg 
phase and results in right hand circularly polarization (RHCP) waves Figure 4(a). 
Similarly in order to have left-hand circular polarization, the orientation of the slot 
is rotated to 180 degree which causes the current fields on the square patch in the 
right half closer the corner of the slot perturbs in advance when compared to the 
current fields on the surface of the square patch in the left half distribution and adds 
90 deg phase Figure 4(b). Thus the antenna generates either LHCP/RHCP based on 
slot orientation and shows the current distribution over the surface of the radiating 
patch element at different instances of time (T).  

 
(a) t=0 & t=T 

 
(b) t=T/6 

 
(c) t=2T/6 

 
(d) t=3T/6 

 
(e) t=4T/6 

 
(f) t=5T/6 

Figure 4. Electric field distribution 

3. Results and Discussion 

On analyzing the parametric results of slot length, the dimensions of model are 
synthesized and are shown in Table 1 given below. The fabricated antenna is having 
a thickness of 1.6 mm as shown in Figure 5.  

Table 1. Antenna Design Specification 

Parameter Specification 
Sub_X*Sub_Y*Sub_Z 50*50*1.6 mm3 

X * Y 29*29 mm2 
Q_X * Q_Y 7.25*0.362 mm2 

Feed_X * Feed_Y 3.625*1.45 mm2 
L *W 9.06*0.967 mm2 
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Figure 5. Fabricated Model Figure 6. Testing of antenna 

The performance of the antenna model is measured using network analyzer 
N9924A as shown in Figure 6. The antenna is intended to function at a resonant 
band around 2.3 GHz band. In order to radiate effectively by an antenna, the 
impedance of the antenna should match with input impedance. i.e., the inductive 
component should match with the capacitive component so that, the reactive 
component in the impedance becomes zero at the resonant frequency. For this 
impedance matching, a quarter wave transformer is used to couple SMA connector 
and the radiating element. The dimension of the quarter-wave transformer is given 
in Table 1.   

 

Figure 7. Reflection coefficient (dB) 
The measured reflection coefficient curve as a function of frequency for the antenna 
geometry shown in Figure 1 is compared with simulation result and is shown in 
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Figure 7. As seen from reflection coefficient curve the antenna resonates at 2.3 GHz 
operating frequency and achieves -10dB impedance bandwidth of 90MHz (2.265 
GHz – 2.355GHz) for RHCP configuration given in Figure 1. The fabricated 
antenna model is tested under antenna radiation test system. The measured results 
are related with simulated results and are depicted in Figure 8. 

 
(a)E-Plane 

 
(b) H-Plane 

  Co-Pol (Measured) 
 Co-Pol (Simulated) 

  X-Pol (Measured) 
 X-Pol (Simulated) 

Figure 8. Radiation Pattern  
It is observed from the radiation pattern curve that the simulation outputs matches 
better with measured outputs. The model achieves a cross-polarization isolation of 
-19dB at its operating frequency.  
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Axial ratio plot 
Figure 9 depicts a relation of axial ratio upon frequencies around operating 
frequency for the proposed antenna. The antenna attains a minimum axial ratio of 
0.3096 dB at 2.3 GHz operating frequency. 
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Figure 10. Radiation pattern measured at minimum axial ratio  
Figure 10 depicts measured E-plane and H-plane radiation characteristics of the 
antenna model. It is inferred that the model attains an axial ratio over a wide beam 
angle of -500 to 450 around zenith. The measured gain is calculated using two 
antenna method. Initially, the operating band for the proposed antenna is measured 
using network analyzer. On the transmitter side, a typical horn antenna having peak 
gain of 9dB is mounted and the test antenna is placed on receiving side. The 
far-field region distance between antennatransmitting and antennareceiving is given by 

Pr
Pt

=  �
λ

4πR
�
2

GtGr                                                                           (1) 

The measured gain for RHCP is 5.23 dBic at boresight of the antenna.  

 
Figure 11. Measured gain across the operating band  
Figure 11 presents the gain plot across the operating bandwidth. The model attains a 
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peak gain of 5.23 dBic for RHCP mode with efficiency of 48.1% with better 
cross-polarization isolation of -19 dB at its operating frequency.  
Table 2. Performance comparison of the proposed model with traditional antenna 
model. 

Parameter Proposed Model Ref. [13] Ref. [16] 
Reflection Coefficient (dB) -20.6 dB -15 dB -17 dB 

Maximum Gain (dB) 5.23 dBic 6.3 dB 1.5 dB 
3dB Axial Ratio 
beam width (dB) 950 850 ± 20 900 

Cross polarization 
isolation (dB) -19 dB -14.8 dB -16.8dB 

Table 2 shows performances of proposed model with conventional models. It is 
seen that the proposed model accomplishes better ARBW when related with other 
models given in Table 2 and thus guarantees better operating performances in 
communications. 

4. Conclusion 

An L-slot CP radiating patch modeled on single layer substrate operating at 2.3 
GHz is proposed. The antenna attains better cross-polarization isolation of -19 dB 
and broader 3dB ARBW of -500≤AR≤450 at operating frequency which best suited 
for a wide field of view airborne communication. Unlike other conventional model, 
the proposed model has a low profile and better ease of fabrication. Hence the 
antenna can be utilized for communication devices. 
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