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Abstract— Quad squares center circular slotted, orthogonal slits and corner truncated novel patch structure are proposed for circularly polarized (CP) 

Ultra High frequency (UHF) Radio Frequency Identification (RFID) applications. The structure constitutes 0.27λ x 0.27λ x 0.0137λ at 900 MHz ground 

plane and FR-4 Epoxy substrate. The proposed antenna provides the Return loss S11 (dB) of -39.11 dB with 887 MHz – 932 MHz Bandwidth range typi-

cally 45 MHZ covering wide Ultra High Frequency (UHF) range, minimum Axial Ratio of 0.7741 dB at 910.7 MHZ and VSWR < 2 is simulated using Elec-

tromagnetic High Frequency structure simulator (HFSS). The single coaxial feeded patch Gain and Bandwidth is tuned via electromagnetically coupled 

parasitic patch with peak gain of about 4dB. The slits and truncated corners reduce the antenna size with circularly polarized (CP) radiation over low cost 

FR-4 Epoxy substrate. 

 

Index Terms— Axial Ratio (AR), Circular polarization (CP), Circularly Polarized Microstrip Antenna (CPMA), Radio Frequency Identification (RFID), Gain 

Bandwidth Tuning (GBT), High Frequency Structure Simulator (HFSS), Slotted patch (SP). 

  

——————————      —————————— 

1 INTRODUCTION                                                                     

he Radio Frequency identification (RFID) is a wireless 

data transmission and reception technique for tracking 

and identifying an object that employs the world wide fre-

quency span of 840 MHz - 960 MHz. The technique configura-

tion involves a Reader, a Tag and a data processing system. 

The reader is typically a trans-receiver that transmits and re-

ceives the modulated RF signal scattered from the Tag. The 

circular Polarized (CP) radiation is desirable due to random 

orientation of the Tag, as the circularly polarized microstrip 

antennas (CPMAs) reduce the losses caused by the multipath 

effects and thus making system more efficient and reliable. 

With the enhancing technology good gain, highly directive, 

good impedance match, compact geometry, low cost reader 

antennas that can be mounted on multiple surfaces are desira- 

ble for the applications such as electronic toll collections,      

assest identification, access control etc. However introduction 

with sensory systems enlarges the application areas including 

environment monitoring and health care applications etc. 

While designing the antenna Bandwidth i.e. the frequency 

range of operation with constant gain achievement is the prior 

consideration. Several techniques developed such as stacking 

patches over single, double or multi-layer, introduction of 

multi-layer dielectric substrate or meta- material, introduction 

of metallic plates inside the dielectric substrate that forms mu-

tual coupling have been reported in literature so far that pro-

vide a reliable way of tuning the gain and Bandwidth of de-

sign.  However the use of parasitic patch generates electro-

magnetic coupling between the main patch i.e. (patch fed by 

coax probe) and the patch that is in free space is one easy way 

to obtain good Gain-Bandwidth results.  The relatively thicker 

substrate prevents the surface wave generation results in good 

gain achievement. In this paper novel quad squares, center 

circular slotted, orthogonal slits and corner truncated patch 
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structure is simulated. All the squares slots are asymmetric in 

size and relative center positions to each other. The corner 

truncations and orthogonal slits reduce the patch size with 

operational frequency band and Axial ratio tuning for Circu-

larly Polarizes (CP) radiation is presented.  The parasitic patch 

introduced is of similar size of the main patch to improve the 

Gain-Bandwidth.  The geometry is simulated using the elec-

tromagnetic ANSOFT High Frequency structure simulator 

(HFSS) with operating Frequency of 900 MHz using low cost 

FR-4 Epoxy dielectric substrate. 

 

2 ANTENNA CONFIGURATIONS 
The cross section view of the proposed Quad squares, center 

circular slotted microstrip patch antenna is shown in fig.1 (a) 

and patch in excitation in fig.1 (b).  

 

 
Fig.1 (a) cross section view 

 
The length of square patch is L = 68mm and ground plane size 

of antenna is 90mm X 90mm. The coaxial feed point from the 

center is (-15mm, 0mm). The dielectric FR-4 Epoxy substrate 

height H1 = 4.572mm, dielectric constant = 4.4 and loss tangent 

= 0.002. The center circular slot radius R= 16mm. The top right 

square i.e. first quadrant slot length L1 = 18mm, top left square 

i.e. second quadrant slot length L2= 12mm, bottom left square 

i.e. third quadrant slot length L3= 14mm and bottom right 

square i.e. fourth quadrant slot length L4= 16mm.  The         

embedded orthogonal slits length LS = 15mm and width WS = 

5mm respectively.  

 

  
Fig.1 (b) patch in Excitation. 

 
The coax probe impedance is 50 ohms which is randomly lo-

cated at position (-15mm, 0mm) from center. The electromag-

netic coupled patch is of same main patch dimensions without 

slots at height 25.428mm from the main patch over the FR-4 

Epoxy substrate with height of  h = 5mm. the simulated Return 

Loss S11 (dB) , Axial Ratio , minimum and maximum Gain val-

ues at the bore sight are represented in fig.2 (a) – (c). The total 

Bandwidth of around 45 MHz with minimum Axial Ratio of 

0.7741 dB is achieved. The peak Gain obtained is 3.91 dB.  

 

 
Fig.2 (a) Return Loss S11 (dB) plot. 
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Fig.2 (b) Axial ratio plot. 

 

The proposed antenna found reliable in countries like Singa-

pore, Australia, Taiwan, Korea, Hong Kong, China, and Amer-

ica and    covers the majority world wide RFID i.e. Radio   Fre-

quency Identification range. 

 

 

  
Fig.2 (c) min. and max. Gain values. 

 

3 PARAMETRIC ANALYSIS 
3.1 EFFECT OF SLIT LENGTH 

 
Fig.3 (a) Return Loss S11(dB) Plot. 

The fig.3 (a) represents the Return Loss S11 (dB) variation for 

length LS and width WS tuning of the orthogonally located 

slits. The slit length LS = 15mm and width WS = 5mm provides 

the Return Loss S11 (dB) of -39.1 dB with frequency band of 

operation around 900 MHz. The  variation step size taken to 

be 2.5 mm in slit length LS. The slit tuning provides the desired 

Frequency of operation. 

Table 1 
Parametric Configuration 
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3.2 EFFECT OF DIELECTRIC HEIGHT 

 
Fig.3 (b) Return Loss S11(dB) Plot. 

 

The larger dielectric height improves the Antenna Gain by 

reducing surface wave generation and thus improves the Re-

turn Loss S11 (dB). The dielectric height of 4.572mm provides 

the best result for the configuration mentioned with Return 

Loss S11 (dB) of -39.11 dB respectively as shown in figure. 3(b). 

The variation step size taken here is 3mm. 

Table 2 
Parametric Configuration 

 

 

4 CONCLUSION 
The proposed antenna performance characteristics are        

adequate for the Ultra High frequency (UHF) Radio Frequen-

cy Identification (RFID) applications with high Bandwidth 

that covers majority worldwide Frequency span. The para-

sitic patch improves the Gain- Bandwidth relationship of the 

configuration. The slits and corner truncations improves the 

Return Loss S11 (dB) and is about -39.11 dB and minimum axial 

ratio 0.771 dB for circularly Polarized (CP) radiation. The sim-

ulated antenna found applications in countries like Singapore, 

Australia, Taiwan, China, America and Hong Kong. While 

considering cost as prior value use of low cost FR-4 Epoxy is 

suitable dielectric material for the design. The slots and corner 

truncations reduce the patch size in quiet good ratio. 
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