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Abstract: Design of a circularly polarized tag antenna for UHF RFID applications is discussed and a planar tag 
antenna, based on series connected loop topology is designed. Simulation based design process for axial ratio 
optimization is discussed and the simulation and measurement results for the proposed tag antenna are presented. 
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1. Introduction 

 
Dipole-type tag antennas are presently popular in UHF RFID. Their greatest advantage for RFID 

applications is the inherently omni-directional pattern, which allows the detection of dipole tags from all 
directions in a plane normal to the tag. In addition, results from recent research on impedance matching and size-
reduction techniques for dipole-type tag antennas facilitate the design further [1-4]. 

Detection of an RFID transponder even from the direction of its maximum gain is not determined only by 
the radiation pattern of the tag antenna, but also by the polarization matching’s bearing on the power transfer 
between the tag antenna and the antennas on the reader side [5]. If linear antennas are used for reading, 
possibility for cross-polarization between dipole tag and the transmitting and receiving antennas emerge and it 
can prevent the power transfer completely in certain orientations of the tag. This can be tackled e.g. by using 
multiple linear reader antennas at different orientations or by using circularly polarized antennas on the reader 
side. 

Currently, the most common approach to remove the possibility of cross polarization is to use circularly 
polarized antennas on the reader side. They are readily available on the markets and in addition, the polarization 
loss between a linear tag antenna and a circularly polarized reader antenna remains approximately constant 3-dB, 
regardless of the tags’ orientation. This simplifies the link-budget considerations and at the same time multiple 
reader antennas are not required to remove the possibility of cross polarization although they may still provide 
more coverage and add reliability to the link’s performance. 

Obviously, another way to guarantee a constant 3-dB polarization loss is to use circularly polarized tag 
antennas with linear antennas on the reader side, while using circularly polarized antennas for reading as well, 
would again introduce the possibility of cross-polarization in case the handedness of the tag and reader antenna 
happen to be opposite. However, the design process of circularly polarized tag antennas is currently not as well-
established in the literature as the design of circularly polarized antennas, such as helices [6] and low profile 
planar antennas [7], for the reader side. 

As in applications compact tags are preferred, one of the key challenges in design of a circularly polarized 
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tag antenna is to fit the antenna in a very limited foot-print, while at the same time the around 10% fractional 
bandwidth, required to cover the global UHF RFID frequencies from 865 MHz to 955 MHz, is relatively wide. 
For reader antennas there is typically no such stringent size requirements, which gives more freedom in the 
design compared to tag antennas. 

Previously circularly polarized tag antennas have been discussed in [8-10]. In [8] a loop coupled dipole 
antenna arrangement is proposed, in [9] a backscattering-based simulation approach to circularly polarized tag 
antenna design is discussed and in [10] a grounded tag antenna consisting of a truncated patch and a shorting 
plate is designed, based on gain and axial ratio optimization. 

 
2. Proposed Tag Antenna 

 
In this study, we investigate a purely planar structure to create a circularly polarized tag antenna for the 

global UHF RFID frequencies. The structure of the tag antenna is based on the design in [11], where other 
application at higher frequencies is considered and the radiating element was placed above a ground plane. 
However, as the low manufacturing cost and reel-to-reel tag production are preferred on the mass market, we 
have not included a ground plane in present design, but rather design the tag antenna for free space conditions. 
Nearby materials are expected to affect the axial ratio of the tag, but in this study we are not considering any 
specific application. For special applications, where the tagged objects contain unfavorable materials, such as 
metal or lossy liquids, the designed tag antenna could be modified to operate on a ground plane, as in [11], in 
order to separate the radiating element from the containing of the tagged object. We aim to explore this 
possibility further in our future research on application specific tag antennas. 

The starting point for the design of the proposed antenna was two series-connected loops, which are open-
circuited from one corner. They can be arranged to produce a circularly polarized radiation as explained in [12]. 
To achieve a more reasonable foot-print size for RFID applications, we introduced meandering in one side of 
each loop to make the loop appear electrically larger. The tag antenna geometry with the dimensional parameters 
is shown in Fig. 1 and the optimized values for the parameters are listed in Table 1. The feed point of the antenna 
is located at the origin.  

 

 
Fig. 1: Antenna geometry and related dimensional parameters. 

 
Table 1. Optimized values for the dimensional parameters of the tag shown in Fig. 1. 
Parameter W L p q r s t u v 
Value [mm] 53.8 106 7.5 3 15.75 2 3.5 9.5 9.6 
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3. Simulation Methods and Procedures 
 

The proposed antenna was designed by using two different simulation methods: the FEM-based, 
commercially available Ansoft High Frequency Structure Simulator (HFSS) and an FDTD code based on [13]. 
The nominal design was modeled as a two-dimensional finite conductivity boundary with 58 MS/m 
conductivity. In the simulations, the conductor was placed on a finite-sized rectangular substrate brick, extending 
7.5 mm from each side of the antenna foot-print, with 125 µm thickness and electrical parameters εr = 3 and  
tanδ = 0.005, to model the plastic substrate in the fabricated prototype antenna. 

As expected the parameters W and L (see Table 1) are crucial for the axial ratio value, since they are directly 
related to the length of the orthogonal current paths in the loops, which need to be set in right proportions in 
order to create a circularly polarized radiated field. In addition the parameters u,v and t are related to the 
electrical length of the loop in y-direction and therefore affect the axial ratio value as well. Further, since all the 
mentioned parameters affect the radiated field they also affect the input impedance of the antenna. The 
parameters u,v and t also determine the mutual coupling between the meandered conductors and thereby 
contribute in the input impedance through the coupling mechanism as well. 

The initial optimization was accomplished by using the built-in genetic algorithm in HFSS version 11 and 
afterwards, fine-tuning around a single solution was done with the deterministic Sequential Non-Linear 
Programming (SNLP) algorithm. Cost function for the optimization was the requirement of lower than 3-dB 
axial ratio value over the global UHF RFID frequencies, in the positive x-direction, as shown in Fig. 1. From 
here on this direction will be referred to as the “forward direction”. Variables in the optimization processes were 
W, L and v, whereas the other parameters were fixed to the values shown in the Table 1 after a few initial 
simulation runs, to reduce the complexity of the optimization task. The final design has foot-print size of        
112 mm x 127 mm, which translates to around 0.34λ x 0.38λ at 900 MHz. 

 
4. Simulation Results 

 
The simulated input impedance and forward gain versus the frequency of the tag antenna are shown in Figs. 

2 and 3, respectively and the simulated axial ratio value in the forward direction versus frequency is presented in 
Fig. 4. Simulation results in these figures agree within 5% maximum difference between the two modeling 
methods. 
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Fig. 2: Simulated tag antenna impedance. 
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Fig. 3: Simulated tag antenna gain in the forward 

direction.
 
In this study, we have not yet conjugate matched the antenna impedance to any specific RFID IC, but 

observed that the simulated impedance of the optimized antenna is inductive through the global UHF RFID 
frequencies, as seen from Fig. 2. This facilitates the realization of conjugate impedance matching to typically 
capacitive RFID chip impedances. In addition, we have found that shorting the radiating loops near the feeding 
point, in order to create a T-matching loop [1] for impedance tuning, neither shifted the optimized axial ratio 
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frequency significantly nor degraded the corresponding axial ratio value. This observation supports the 
applicability of the studied structure in RFID tag antenna designs with the well-known T-matching approach, 
even though after shorting the loops, they are not connected strictly in series with respect to the feed point as in 
[11] and [12]. 

The result in Fig. 3 shows that the simulated 3-dB axial ratio bandwidth in the forward direction covers the 
global UHF RFID frequencies with optimal value 0.90 dB near 908 MHz, predicted by the HFSS and 0.63 dB 
near 920 MHz, predicted by the FDTD simulation. The axial ratio value in the opposite direction is nearly 
identical, but the handedness of the radiated field is opposite (right-hand circular). In addition, according to the 
HFSS simulation the 3-dB axial ratio beam width is greater than 45o and 25o through the RFID frequencies in 
x=0 and y=0 plane cuts, respectively. The simulated radiation efficiency of this antenna is greater than 98% at all 
frequencies, according to both HFSS and FDTD simulations and as seen from the Fig. 3, the simulated forward 
gain versus frequency is slightly higher than for common short dipole tags. 

 
5. Measurement Results 

 
      Though matching the antenna impedance to any specific RFIC IC was not considered in this study, we 
equipped the tag antenna with Alien Higgs-3 RFID IC (H3) and found the tag’s performance sufficient to allow 
us to conduct wireless Gen2 Protocol based measurements. This is explained by the simulated inductive 
reactance of the tag antenna, which provides sufficiently low mismatch loss between the tag antenna and the 
capacitive IC chip.  

Measurements were conducted in an anechoic chamber with Tagformance measurement system [14] and the 
studied quantity was the transmitted threshold power. In our measurement this is the minimum transmitted CW 
power, which is sufficient for powering up the on-tag IC and enables the tag to send a valid response to the Gen2 
protocol’s query command.  

In the measurement, the tag was illuminated by a linear transmitting antenna (TXA) located two meters from 
the tag. The maximum gain of the TXA is 9.5 dBi near 0.9 GHz. To find the minimum and maximum 
polarization loss at each frequency within frequency range from 0.8 GHz to 1 GHz, the tag was rotated 180o 
around the z-axis (see Fig. 1), by 22.5o steps and the transmitted threshold power sweep with 1 MHz step was 
performed at each orientation. During this measurement, the polarization of the TXA was fixed along the y-axis 
in Fig. 1, where the initial orientation of the tag is shown as well. The maximum variation of the threshold power 
at each frequency point over the studied orientations gives an approximation to the axial ratio of the tag antenna 
versus frequency. The measured variation of the transmitted threshold power over the studied tag orientations is 
illustrated in Fig 5 and the corresponding axial ratio is presented in Fig. 4. In addition to the measured axial 
ratio, the simulated values are included in this figure and good agreement between the simulation and 
measurements can be observed.  
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Fig. 4: Measured and simulated axial ratio in the forward 

direction. 
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Fig. 5: Measured variation of transmitted threshold 

power over the studied orientations. 
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6. Conclusions 
 

     A circularly polarized planar tag antenna with 0.34λ x 0.38λ foot-print size at 900 MHz, was designed for 
UHF RFID using series-connected loop topology with meanderline technique for size reduction. Two different 
simulation methods were used in the design process and the simulated performance was verified by wireless 
Gen2 protocol based measurements, where the measured minimum axial ratio value in the forward direction was 
found to be 0.8 dB at 905 MHz. The measured 3-dB axial ratio band covers the frequencies from 865 MHz to 
955 MHz and the inherently inductive input impedance of the antenna is favorable for conjugate matching to 
capacitive RFID ICs. In addition we found the well-known T-matching technique applicable for tuning the input 
impedance of the antenna without affecting the axial ratio. 
     As the studied antenna topology can also be designed on a ground plane, in the future we aim to modify the 
present design to create a circularly polarized application specific tag for labeling challenging objects, such 
packages containing metals or liquids. 
 

References 
 

[1] G. Marrocco, "The art of UHF RFID antenna design: impedance-matching and size-reduction techniques," 
Antennas and Propagation Magazine, IEEE , vol. 50, no. 1, pp. 66-79, Feb. 2008. 

[2] T. Björninen, M. Nikkari, L. Ukkonen, Fan Yang, A. Elsherbeni, L. Sydanheimo, M. Kivikoski, "Design 
and RFID signal analysis of a meander line UHF RFID tag antenna," Antennas and Propagation Society 
International Symposium, 2008. AP-S 2008. IEEE , vol., no., pp.1-4, 5-11 July 2008. 

[3] C. Cho; H. Choo; I. Park, "Broadband RFID tag antenna with quasi-isotropic radiation pattern," Electronics 
Letters, vol. 41, no. 20, pp. 1091-1092, 29 Sept. 2005. 

[4] C. Loo, K. Elmahgoub, F. Yang, A. Elsherbeni, D. Kajfez, A. Kishk, T. Elsherbeni, L. Ukkonen, L. 
Sydänheimo, M. Kivikoski, S. Marilampi, and P. Ruuskanen, “Chip Impedance Matching for UHF RFID 
Tag Antenna Design.” Progress In Electromagnetics Research, PIER 81, pp. 359-370, 2008. 

[5] Y. Tikhov, "Comments on ‘Antenna design for UHF RFID tags: A review and a practical application’," 
IEEE Trans. Antennas Propagat., vol. 54, p. 1906, Jun. 2006. 

[6] J. D. Krauss, Antennas, McGraw-Hill, 1950. 
[7] K.-L. Wong, Compact and Broadband Microstrip Antennas, Wiley 2002. 
[8] A.S. Andrenko, "Novel circularly polarized loop coupled dipole antenna," Antennas and Propagation, 

2006. EuCAP 2006. First European Conference on , vol., no., pp.1-4, 6-10 Nov. 2006. 
[9] H. Mirza, M.I. Ahmed, M.F. Elahi, "Circularly polarized compact passive RFID tag antenna," Electrical 

and Computer Engineering, 2008. ICECE 2008. International Conference on , vol., no., pp.760-763, 20-22 
Dec. 2008. 

[10] Chihyun Cho, Ikmo Park, Hosung Choo, "Design of a Circularly Polarized Tag Antenna for Increased 
Reading Range," IEEE Trans. Antennas Propagat, vol. 57, no. 10, pp. 3418-3422, Oct. 2009. 

[11] M. Sumi, K. Hirasawa, Shi Song, "Two rectangular loops fed in series for broadband circular polarization 
and impedance matching," IEEE Trans. Antennas Propagat, vol. 52, no. 2, pp. 551-554, Feb. 2004. 

[12] H. Morishita, K. Hirasawa, T. Nagao, "Circularly polarised wire antenna with a dual rhombic loop," 
Microwaves, Antennas and Propagation, IEE Proceedings - , vol.145, no.3, pp.219-224, Jun 1998. 

[13] A. Z. Elsherbeni, V. Demir, The Finite Difference Time Domain Method for Electromagnetics: With 
MATLAB Simulations, SciTech Publishing, 2009. 

[14] Voyantic Ltd. http://www.voyantic.com/, last accessed: 5th Oct. 2009. 

26th Annual Review of Progress in Applied Computational Electromagnetics April 26 - 29, 2010 - Tampere, Finland  ©2010 ACES

375


	Main Menu
	Conference Agenda
	Welcome Message
	Conference Sponsors
	Conference Exhibitors
	--------------------------
	Previous Document
	Help
	Search
	Print

