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A compact loop antenna is presented for mobile ultrahigh frequency (UHF) radio frequency identification (RFID) application.
This antenna, printed on a 0.8mm thick FR4 substrate with a small size of 31mm × 31mm, achieves good impedance bandwidth
from 897 to 928MHz, which covers USA RFID Band (902–928MHz).The proposed loop configuration, with a split-ring resonator
(SRR) coupled inside it, demonstrates strong and uniform magnetic field distribution in the near-field antenna region. Its linearly
polarized radiation pattern provides available far-field gain. Finally, the reading capabilities of antenna are up to 56mm for near-
field and 1.05m for far-field UHF RFID operations, respectively.

1. Introduction

Radio frequency identification (RFID) technology has been
rapidly developed for automated identification and track-
ing of objects in warehouse, supply chain, industry, and
commerce [1]. Currently, mobile UHF RFID technology has
received much attention owing to its advantages in cost,
portability, and item-level applications. Mobile UHF RFID
service is defined as a compact UHF RFID reader into a
mobile phone. Anyone with it can directly identify the RFID
tag attached product and access mobile internet by wireless
communication for searching, verifying, andmanaging prod-
uct information [2].

The challenge of mobile UHF RFID reader is that the
reader antenna must be miniaturized into the mobile phone
and have both near-field and far-field operation for various
objects and applications [3]. Electromagnetically far-field
operation is commonly used to achieve long reading range,
and typical UHF RFID reader antenna works with a pure
far-field characteristic [4]. Inductively near-field operation
is usually used for objects surrounded by metals or liquids
[5]. Recently, a group of loop-type antennas have been
considered with a pure near-field characteristic [6–13]. Few

papers about UHF reader antenna for both near-field and
far-field operations are presented, but they have too large size
to integrate in themobile phone: one has a dimension of 184×
174mm2 [14], and another smaller antenna is 72.3×72.3mm2
[15].

In order to address the size constraint problem, we have
designed a loop antenna with both near-field and far-field
characteristics. But it has too narrow bandwidth of 13.5MHz
(915.5–929MHz) [16]. The United States Federal Communi-
cations Commission (FCC) designates 902–928MHz as the
special frequency allocation for UHF RFID band.Most of the
countries approve a part of USA band for RFID operation,
for example, China band (920–925MHz), Korea band (917–
924MHz), Australia band (918–926MHz), and so on [17].

Therefore, we present a novel folded-dipole loop antenna
with split-ring resonator (SRR) structure in this paper. An
SRR element is coupled inside the folded-dipole loop and
formed by a concentric metal ring with a split. The antenna
prototype is fabricated and achieves a measured matching
bandwidth of 31MHz (897–928MHz), which covers the USA
RFID band (902–928MHz). Simulation and measurement
show that the proposed antenna has strong surface current
distribution, uniform magnetic near-field distribution, and
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Figure 1: Size comparison of folded-dipole loop with SRR loading.
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Figure 2: Geometry of the proposed antenna.

available far-field gain. The reading capability of prototype is
up to 56mm with near-field RFID tag and up to 1.05m with
conventional far-field RFID tag.

2. Antenna Design

Loop antennas are commonly used for communication and
RFID systems [18–22]. At LF and HF bands, a physically
large loop is still a very small electrical fraction compared
to the operating wavelength. So, the conventional RFID
antenna design at LF and HF bands is to use a multiturn
loop. However, it is not suggested at UHF band because the
multiturn loop or spiral inductor has poor far-field gain. The
other way is to use folded-dipole loop [23].The folded-dipole
loop antenna has good size reduction and exhibits better far-
field gain than multiturn loop.

In this paper, a novel folded-dipole antenna with parasitic
element is proposed, as shown in Figure 1. The bent folded
dipole forms a large outer loop with a split, and a single spilt
ring combines a small inner loop. The inductive loading is
created by the ring, while the capacitive effect is determined
by the split of the ring. Both inductive and capacitive loadings
act as an LC tank circuit, which can enhance the magnetic
resonance, and realize antenna size reduction. As shown in
Figure 1, the total length of proposed antenna is miniaturized
as the same resonance condition as the conventional folded-
dipole antenna of half wavelength.

In Figure 2, the geometry of antenna was designed on
an FR-4 substrate (dielectric constant 𝜀

𝑟
= 4.4, loss tangent

𝛿 = 0.02, and thickness𝐻 = 1.6mm), and the whole antenna
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Figure 3: Antenna surface current distribution.
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Figure 4: Near-field magnetic distribution (𝑥𝑦-plane, 𝑧 = 10mm).

size is 𝐿1 (31mm) ×𝐿1 (31mm). On the top view of substrate,
the dimensions of folded-dipole loop are 𝐿2 = 29mm, 𝑠1 =
1.0mm, 𝑠2 = 2.0mm, 𝑊1 = 1.0mm, 𝑊2 = 1.5mm, and
𝑔1 = 1.0mm. The dimensions of SRR are 𝑔2 = 3.3mm,
𝑠3 = 0.9mm, and 𝑊4 = 1.2mm. On the bottom view,
the dimensions of the ground are 𝐿3 = 22mm and 𝑊3 =
4.5mm.

The antenna was simulated at the centre frequency of
interesting band (915MHz), by using Ansoft High Frequency
Structure Simulator (HFSS) software. The simulation result
of antenna surface current distribution is shown in Figure 3.
It can be seen that the current remains in-phase at both the
outer loop and inner SRR and the current along SRR is larger
in amplitude relative to that along the outside folded-dipole
loop. The in-phase current presented a uniform and strong
magnetic field distribution at 𝑥𝑦-plane and 𝑧 = 10mm, as
shown in Figure 4.Thus, the tags with inductive coupling can
be interrogated in the near-field antenna region.

3. Results and Discussion

A prototype of the proposed antenna was fabricated, as
shown in Figure 5. The entire area of prototype is just 31 ×
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Figure 5: Photograph of antenna prototype. (a) Top view, (b) bottom view.
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Figure 6: Reflection coefficient for proposed antenna.

31mm2, as a coin of one CNY. The simulated and measured
matching bandwidth of the proposed antenna is shown in
Figure 6. There is good agreement between simulation and
measurement. The measured bandwidth of the prototype is
31MHz (897–928MHz), under the condition of reflection
coefficient less than −10 dB. It completely covers the USA
RFID band (902–928MHz).

The schematic view of near-field reading test is presented
in Figure 7(a). As shown in Figure 7(c), the proposed antenna
prototype is fabricated on the test stand, and the near-field
button tag, attached to polyfoam, is parallel to the surface
of antenna. The read range between antenna and tag is
achieved along the positive 𝑍-axis. As shown in Figure 7(d),
the Impinj UHF button of 13∗10mm2 dimensionwas taken as
the reference tag, and the Impinj Technology Speedway R420
reader was used for measurement [24].

Table 1: Comparison of near-field read-range.

Environment Transmission
power at 10 dBm

Transmission
power at 20 dBm

Air 30mm 48mm
Water container 42mm 56mm
Paper 33mm 36mm
Plant surface (corn) 37mm 38mm
Hand skin (human) 24mm 29mm

The read capability of near-field antenna includes read
width and read-range. With Impinj UHF button parallel to
the prototype, themaximum readwidth of𝑥𝑦-plane is 70mm
at 𝑧 = 10mm, as shown in Figure 7(b). It agrees well with the
simulated results of magnetic field distribution in Figure 4.

Furthermore, the near-field read-range of test scene in
Figure 7(a) is measured under a different transmission power
and different environment. As shown in Table 1, we can see
the measured results with Impinj UHF button tag attached
on different objects, including air, liquids, paper, plant, and
human body.The maximum read-range of near-field test can
reach 56mm with the tag attached to water container, along
the positive 𝑍-axis under the transmission power level of
20 dBm. The read-range in the other environment is similar
to that in the air. This is a major advantage of the near-field
RFID operation.

The simulated and measured radiation patterns of the
proposed antenna are presented in Figure 8. The measured
radiation patterns were obtained by the anechoic chamber.
Figures 8(a) and 8(b) show the radiation patterns at 915MHz
in the two orthogonal planes (E-plane and H-plane). The
far-field gain of proposed antenna achieves −2.0 dBi at the
bidirectional 𝑋-axis and negative 𝑍-axis, which shows that
the proposed antenna can be acceptable for far-field RFID
operation.

To examine the far-field performance, the experiment of
far-field reading distance has been performed by using Impinj
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Figure 7: Near-field measurement. (a) Schematic view. (b) Read width at 𝑥𝑦-plane and 𝑧 = 10mm. (c) Test scene. (d) Impinj UHF button.
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Figure 8: Simulated and measured far-field radiation patterns.
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R420 reader. It is shown that the proposed antenna, with
conventional dipole tag in the air, has a maximum reading
distance of 1.05m, at the transmission power level of 20 dBm
(0.1W). But the different environment seriously affects the
far-field reading performance. When the tag is attached to
water container or conducting plate (human body), the far-
field reading distance reduces rapidly.

4. Conclusions

In this paper, a folded-dipole loop antenna with SRR has
been investigated for mobile UHF RFID applications. The
coupled SRR element miniaturizes this antenna to a compact
size of 31mm × 31mm. Simulation and measurement of
antenna implemented sufficient impedance bandwidth (897–
928MHz), uniform magnetic near-field distribution, and
suitable far-field gain. Experiments by proposed antenna have
shown good capability of both near-field and far-field tag
reading. Such a compact antenna is suitable for both near-
field and far-field UHF RFID operations.

Acknowledgments

This paper is supported by the National High Technology
Research andDevelopment Program (863 program) of China
(2008AA04A103), Science and Technology Planning Project
of Guangdong Province (2011B080701068), and National
Natural Science Foundation of China (61101015 & 60971052).

References

[1] K. Finkenzeller, RFID Handbook, Radio-Frequency Identifica-
tion Fundamentals andApplications,Wiley,NewYork,NY,USA,
2nd edition, 2004.

[2] J. Chae and S. Oh, “Information Report on Mobile RFID in
Korea,” ISO/IEC JTC1/SC 31/WG4 N0922, Information paper,
ISO/IEC JTC1 SC31 WG4 SG 5, 2005.

[3] P. V.Nikitin, K. V. S. Rao, and S. Lazar, “An overview of near field
UHF RFID,” in Proceedings of the IEEE International Conference
on RFID, pp. 166–174, Grapevine, Tex, USA, March 2007.

[4] B. Glover and H. Bhatt, RFID Essentials, O’Reilly, Sebastopol,
Calif, USA, 2006.

[5] F. Fuschini, C. Piersanti, L. Sydanheimo, L. Ukkonen, and G.
Falciasecca, “Electromagnetic analyses of near field UHF RFID
systems,” IEEE Transactions on Antennas and Propagation, vol.
58, no. 5, pp. 1759–1770, 2010.

[6] X. Qing, C. K. Goh, and Z. N. Chen, “Segmented loop antenna
for UHF near-field RFID applications,” Electronics Letters, vol.
45, no. 17, pp. 872–873, 2009.

[7] X. Z. Lai, Z. M. Xie, Q. Q. Xie, and J. W. Chao, “A Srr-based
near field RFID antenna,” Progress in Electromagnetics Research
C, vol. 33, pp. 133–144, 2012.

[8] X. Qing, Z. N. Chen, and C. K. Goh, “UHF near-field RFID
reader antennawith capacitive couplers,”Electronics Letters, vol.
46, no. 24, pp. 1591–1592, 2010.

[9] X. Li, J. Liao, Y. Yuan, and D. Yu, “Eye-shaped segmented
reader antenna for near-field UHF RFID applications,” Progress
in Electromagnetics Research, vol. 114, pp. 481–493, 2011.

[10] H.-W. Liu, K.-H.Wu, andC.-F. Yang, “UHF reader loop antenna
for near-field RFID applications,” Electronics Letters, vol. 46, no.
1, pp. 10–11, 2010.

[11] X. Li and Z. Yang, “Dual-printed-dipoles reader antenna for
UHFnear-field RFID applications,” IEEEAntennas andWireless
Propagation Letters, vol. 10, pp. 239–242, 2011.

[12] X.Qing, C.K.Goh, andZ.N.Chen, “Abroadbanduhf near-field
rfid antenna,” IEEE Transactions on Antennas and Propagation,
vol. 58, no. 12, pp. 3829–3838, 2010.

[13] C. F. Huang and Y. F. Huang, “Design of RFID reader antenna
for exclusively reading single one in tag assembling production,”
International Journal of Antennas and Propagation, vol. 2012,
Article ID 162684, 5 pages, 2012.

[14] B. Shrestha, A. Elsherbeni, and L. Ukkonen, “UHF RFID reader
antenna for near-field and far-field operations,” IEEE Antennas
and Wireless Propagation Letters, vol. 10, pp. 1274–1277, 2011.

[15] A. L. Borja, A. Belenguer, J. Cascon, and J. R. Kelly, “A
reconfigurable passive UHF reader loop antenna for near-field
and far-field RFID applications,” IEEE Antennas and Wireless
Propagation Letters, vol. 11, pp. 580–583, 2012.

[16] X. Z. Lai, Z. M. Xie, and X. L. Cen, “Compact loop antenna
for near-field and far-field UHF RFID applications,” Progress in
Electromagnetics Research C, vol. 37, pp. 171–182, 2013.

[17] UHF for RFID Regulations, http://www.gs1.org/docs/epcglo-
bal/UHF Regulations.pdf.

[18] Z. Xing, L. Wang, C. Wu, J. Li, and M. Zhang, “Characteristics
and application of a novel loop antenna toUHFRFID receivers,”
International Journal of Antennas and Propagation, vol. 2011,
Article ID 480717, 7 pages, 2011.

[19] Y.-W.Chi andK.-L.Wong, “Internal compact dual-bandprinted
loop antenna for mobile phone application,” IEEE Transactions
on Antennas and Propagation, vol. 55, no. 5, pp. 1457–1462, 2007.

[20] D.-O. Kim, C.-Y. Kim, and D.-G. Yang, “Flexible Hilbert-
curve loop antenna having a triple-band and omnidirectional
pattern forWLAN/WiMAX applications,” International Journal
of Antennas and Propagation, vol. 2012, Article ID 687256, 9
pages, 2012.

[21] C.-W. Chiu, C.-H. Chang, and Y.-J. Chi, “Multiband folded
loop antenna for smart phones,” Progress in Electromagnetics
Research, vol. 102, pp. 213–226, 2010.

[22] H. Lee and H. Lee, “Isolation improvement technique for
two closely spaced loop antennas using MTM absorber cells,”
International Journal of Antennas and Propagation, vol. 2012,
Article ID 736065, 7 pages, 2012.

[23] Y.-T. Im, J.-H. Kim, and W.-S. Park, “Matching techniques for
miniaturized UHF RFID loop antennas,” IEEE Antennas and
Wireless Propagation Letters, vol. 8, pp. 266–270, 2009.

[24] UHF Gen 2 for item-level tagging, http://www.impinj.com/
Documents/Applications/White Papers/Technology/UHF Ge
n 2 for Item-level Tagging/.



International Journal of

Aerospace
Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Robotics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Active and Passive  
Electronic Components

Control Science
and Engineering

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 International Journal of

 Rotating
Machinery

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 Journal ofEngineering
Volume 2014

Submit your manuscripts at
http://www.hindawi.com

VLSI Design

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Shock and Vibration

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Civil Engineering
Advances in

Acoustics and Vibration
Advances in

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Electrical and Computer 
Engineering

Journal of

Advances in
OptoElectronics

Hindawi Publishing Corporation 
http://www.hindawi.com

Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Sensors
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Modelling & 
Simulation 
in Engineering
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Chemical Engineering
International Journal of  Antennas and

Propagation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Navigation and 
 Observation

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Distributed
Sensor Networks

International Journal of


