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Abstract— A modified tri-band CPW-fed antenna is designed on a PCBoard with ¢, = 4.4
for RFID applications. The design is optimized to operate at 0.915 GHz, 2.45 GHz, 3.50 GHz
using the finite element method. In this design, two U-shaped branches are added as additional
resonators to achieve multi-band operation based on our previous design. Simulation shows that
the 30 x 30 mm? antenna achieves less than —10dB return loss at the targeted frequencies. Fur-
thermore, the antenna achieves less than —8 dB of S1; at 5.8 GHz. Simulated current distribution
and radiation patterns are given in the paper.

1. INTRODUCTION

Radio frequency identification (RFID) is a contactless automatic identification technology [1]. It
has been used extensively in a variety of applications, such as supply chain management, logistics
tracking, access control, electronic toll collection (ETC) and public transportation card. RFID
can be classified into low frequency (LF), high frequency (HF), ultrahigh frequency (UHF), and
microwave RFID systems, according to its use in different frequency bands [2]. UHF RFID fre-
quency band extends from 840 to 960 MHz divided into four world regions: China (840-845 MHz,
920-925 MHz), Europe (865-868 MHz), US (902-928 MHz), and Japan (950-956 MHz) [3]. Fur-
thermore, microwave RFID operation is assigned at 2.45 or 5.8 GHz. Therefore, more and more
wireless communications and RFID systems require dual or multi-band antenna designs. Some
multi-band antennas have been designed for RFID, such as dual-band antenna with Tree-like frac-
tal structure [4] (842/922 MHz), triband fractal tree antenna (3.6/5.8/8.2 GHz) [5], planar inverted
F-antenna (PIFA) (433 MHz/912MHz/2.45 GHz) [6] and meandered dipole antenna [7]. However,
most of these antennas are in large size.

In this paper, we propose a modified tri-band CPW-fed antenna which is based on our previous
design [8]. Two U-shaped patches are added in the antenna. This paper is organized as follows.
Section 2 presents the structure of antenna. Simulated results and discussions are shown in Section 3
and Section 4 concludes this paper.

2. ANTENNA CONFIGURATION

Proposed antenna is implemented on a low-cost FR-4 substrate with dielectric constant e, = 4.4,
loss tangent tand = 0.02 and thickness ~ = 1.6mm (Fig. 1). The antenna’s size is limited to
30 x 30mm? (L x W). A 50Q CPW transmission line is used for feeding patch element with a fixed
strip S = 2.6 mm and a gap distance G = 0.2 mm between the feeding line and ground. In order to
achieve multi-band performance, the designed symmetric antenna has two U-shaped, four L-shaped
and two F-shaped branches. The six branches function as additional resonators to resonate the
antenna at multiple frequency bands. Two L-shaped branches (L;; x Wi3) are used to lower the
resonant frequencies to the lower bands (0.915 GHz and 2.45 GHz) and two other L-shaped branches
(L1o x Wy) and two L-shaped branches (L1 x W3) are designed for the higher bands (3.50 GHz and
5.8 GHz). Two F-shaped branches are used for compact antenna characteristic. The geometric
dimensions for the proposed antenna are given in Table 1.

3. SIMULATED RESULTS

The proposed antenna is simulated by the finite element method (FEM), and the resulting reflection
coefficients within the targeted frequency bands are shown in Figs. 2(a)—(d) using the FEM. The
proposed antenna achieves less than —10dB return loss at the targeted frequencies (0.915 GHz,
2.45GHz, 3.50 GHz). The bandwidths (VSWR < 2) are 11 MHz (908 MHz to 919 MHz), 35 MHz
(2.435 GHz to 2.470 GHz), 100 MHz (3.50 GHz to 3.60 GHz) respectively. Furthermore, the antenna
achieves less than —8dB of Sy; at 5.8 GHz.
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Table 1: Geometric dimensions of proposed antenna

Parameter | Dimension (mm) | Parameter | Dimension (mm)

Wy 0.5 Ly 8.7

W, 11.6 Lo 0.5

W3 4.8 Ls 0.5

Wy 0.6 Ly 0.5

Ws 5.4 Ls 2.3

W 13 Lg 14

Wr 0.6 Lr 4

Ws 5 Lg 1.5

Wy 2.5 Lyg 2

Wio 3.8 Lqg 4

Wi 4 L1y 4

Wis 9 Lis 1.5

Wis 12.5 Wiy 8
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Figure 1: Antenna architecture. Figure 2: Simulated S7; of proposed antenna at four bands

obtained by FEM. (a) First band (0.915GHz); (b) Second
band (2.44 GHz); (c) Third band (3.55 GHz); (d) Fourth band
(5.80 GHz).

The simulated surface current distributions were analyzed and shown in Fig. 3 for the pro-
posed antenna and antenna without U-shaped branches at operational frequencies of 0.915 GHz,
2.45 GHz, 3.50 GHz and 5.80 GHz respectively. It can be seen in Fig. 3 that antenna with added
U-shaped branches has stronger surface current along the meander line at 0.915 GHz and 2.45 GHz
respectively, which means that the radiations would be strengthened at these two frequencies. As
for the higher two frequency (3.50 GHz and 5.8 GHz), surface current seems to be the same for both
antennnas with and without U-shaped branches. It also can be seen that a relative strong surface
current is formed along the meander line over L-shaped branches (L1 x Wis and Lig x Wy) at
0.915 GHz, while most of the surface current concentrates on the two L-shaped branches (L7 x W)
and branches (W) at 2.45 GHz, and surface current is strong at two L-shaped branches (L x W3)
and slot S at 3.50 GHz. Furthermore, two F-shaped branches (Lg x W;5) have a relative strong
current at 5.8 GHz. Therefore, L-shaped branches (L;; x Wi3) affect the lowest resonant frequency
band at 0.915 GHz. With length Lq; increasing, the lower frequency band will shift to lower fre-
quency with fine-tuning.

Simulated radiation patterns of the proposed antenna in the zz plane (¢ = 0°) and the yz
(¢ =90°) plane at four targeted frequencies are shown in Fig. 4 (Ey and Ej). It can be observed



2214 PIERS Proceedings, Guangzhou, China, August 25-28, 2014

With U shape Without U shape

JsurflA_per_n]

3.0000¢+002
2.7859€4002
2.5718€4802
2.3576e+002 | 2
2.1435€+002
1.9294€+002
1.7153¢4002
1.5012¢+002
1.2871e4202
1.0729¢+002
8.5883€4001
6. 44714001
4. 3059€4001

2.1648e+001
2.3588e-001

Jsurf[a_per_n]

IsurfLA_per_n]

IsurflA_per_n]

1,0000e+002
9.2871e+801
8. 574264001

7.8613€+001
7.1485€+001
6. 43564001

5.7227e+801
5.0098e+001
4. 2969e+001
3.5840e+001
2.8711e+801

I 2,1583e+001

Figure 3: Simulated Sj; of proposed antenna Figure 4: Simulated radiation patterns of pro-

at four bands obtained by FEM. (a) First band posed antenna at four bands obtained by FEM.
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that radiation patterns of the antenna at 0.915 GHz, 2.45 GHz and 3.50 GHz are omnidirectional in
xz plane and quasi-dipole in yz plane. These characteristics may be suitable for RFID applications.
Moreover, the simulated peak antenna gains appear to be —11.6dBi at 0.915 GHz, —1.08dBi at
2.45 GHz, 2.09dBi at 3.50 GHz and 5.69 dBi at 5.80 GHz respectively.

4. CONCLUSION

A modified tri-band RFID tag antenna is reported in this paper. Two U-shaped branches are
utilized as additional resonators in order to achieve multi-band operation and strengthen the radi-
ation at 0.915 GHz and 2.45 GHz. In the future, by adjusting parameter L1, the designed antenna
would be suitable for the combination of the triple-band RFID applications and the multi-band
WiMAX/WLAN applications in a single system.

ACKNOWLEDGMENT

The project is supported partially by National Natural Science Foundation of China (Grant No. U12
01256), the Guangdong Innovative Research Team Program (20115013, GIRTF-LCHT), the next
generation communication technology Major project of National S&T (2013ZX03005013), the ‘Low-



Progress In Electromagnetics Research Symposium Proceedings, Guangzhou, China, Aug. 25-28,2014 2215

cost Healthcare’ Programs of Chinese Academy of Sciences, International Science and Technology
Cooperation Program of Guangdong Province (2012B050200004).

REFERENCES

1.

2.

Finkenzeller, K., RFID Handbook: Fundamentals and Application in Contactless Smart Cards
and Identification, John Wiley and Sons Inc., UK, 2003.

Wu, T. Q., H. Su, L. Y. Gan, H. Z. Chen, J. Y. Huang, and H. W. Zhang, “A compact and
broadband microstrip stacked patch antenna with circular polarization for 2.45-GHz mobile
RFID reader,” IEEE Antennas and Wireless Propagation Letters, Vol. 12, 623-626, 2013.

. Santiago, A. G., J. R. Costa, and C. A. Fernandes, “Broadband UHF RFID passive tag antenna

for near-body applications,” IEEE Antennas and Wireless Propagation Letters, Vol. 12, 136—
139, 2013.

Liu, G., L. Xu, and Z. S. Wu, “Dual-band microstrip RFID antenna with tree-like fractal
structure,” IEEE Antennas and Wireless Propagation Letters, Vol. 12, 976-978, 2013.

. Varadhan, C., J. K. Pakkathillam, M. Kanagasabai, R. Sivasamy, R. Natarajan, and

S. K. Palaniswamy, “Iriband antenna structures for RFID systems deploying fractal geom-
etry,” IEEE Antennas and Wireless Propagation Letters, Vol. 12, 437440, 2013.

. Ko, J. H., K. T. Kim, D. H. Kim, H. B. Lee, and H. S. Kim, “A practical approach to robust

design of a RFID triple-band PIFA structure,” IEEE Trans. Magnetics, Vol. 46, No. 8, 3333—
3336, 2010.

Ni, J., S. Yan, and M. Z. Zhang, “A triple-band meandered dipole antenna with bandwidth
improved for RFID tag,” Proceedings of International Conference on FElectronics, Communi-
cations and Control, 1857-1859, Ningbo, China, Sep. 2011.

. Li, H. H., X. Q. Mou, Z. Ji, H. Yu, Y. Li, and L. Jiang, “Miniature RFID tri-band CPW-fed

antenna optimised using ISPO algorithm,” Electronics Letters, Vol. 47, No. 3, 161-162, 2013.



