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Novel UHF RFID Tag Antenna for Metallic Foil Packages

Jeongki Ryoo, Jaeyul Choo, and Hosung Choo

Abstract—A low-cost wideband antenna for radio-frequency identifica-
tion (RFID) tags for use with metallic foil packages is designed in this com-
munication. An proximity inductively coupled feed structure is employed
to perform wideband impedance matching between a slot on a metallic foil
package and a small rectangular feeding loop connected to a microchip. The
results show a measured half-power bandwidth of 32.2% (799 MHz-1,093
MHz) and a reading distance of over 10 m.

Index Terms—Low-cost, metallic foil package, UHF RFID tag, wide
bandwidth.

I. INTRODUCTION

In ultra-high frequency radio-frequency identification (UHF RFID)
systems, the reader transmits a microwave signal to a tag that is com-
posed of an antenna and a microchip. The microchip then responds to
the reader using a modulated backscattered signal by varying its input
impedance. The tag antenna in UHF RFID systems is one of the most
important components, and should be able to overcome performance
degradation caused by nearby dielectric or metallic materials. How-
ever, underlying metallic objects such as metallic foil packages are
strong determinants of antenna impedance change, resulting in poor
impedance matching and reduced reading distance. To overcome this
problem, some tag antennas that can be mounted on metallic objects
have been proposed [1]-[4]. Such antennas usually employ a thick di-
electric inner layer between a tag and the metallic surface, and this
bulky structure increases fabrication costs and restricts the range of
applications. Recently some researchers have proposed a slot-type tag
that uses the conducting surface of foil packaging as a slot radiator [5],
[6]. These slot-type antennas are much more efficient than dipole-type
antennas since the currents spread throughout the broad surface of the
foil packaging sheet. However, a single slot antenna has a narrow band-
width, and thus its radiating performance can be easily changed by di-
electric objects in the foil packaging. Moreover, a single-slot tag an-
tenna is not suitable for mass production due to the difficulty of directly
connecting the microchip to a metallic foil package [5]-[7].

In this communication, we propose a novel inductively coupled slot
antenna to be used with metallic foil packages. The tag antenna is com-
posed of a slot radiator, which is made by cutting a slit in the metallic
foil surface of the package, and a loop feeder, to which the tag chip is at-
tached at the center. This inductively coupled feeding structure enables
detuning of the resonant frequency and impedance without changing
the slot dimensions in the packaging foil. In addition, the inductive
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Fig. 1. Proposed RFID tag antenna structure: (a) configuration of the tag, (b)
proximity inductively coupled feed structure.

coupling between the slot and the loop feeder provides a broadband
property, and results in good impedance matching with the various con-
tents of the metallic foil packages. We built the tag antenna on an actual
metallic foil package and measured its performance, verifying that the
proposed tag antenna can be used in item-level RFID applications for
metallic foil-packaged goods at low cost.

II. ANTENNA DESIGN AND OPTIMIZATION

Fig. 1 shows the overall geometry and design parameters of the pro-
posed tag antenna, which is composed of a slot radiator and a feeding
loop connected to a microchip. Both the slot and the feeding loop are
etched onto a substrate of polyethylene (PET; ¢, = 3.9, tan 6 = 0.003,
thickness = 50 pm) for flexibility and to minimize cost. The mea-
sured input impedance of the tag chip (Impinj, Monza3) is 20 —j170 at
912 MHz, and the threshold power level of the tag chip (Perip min.) 18
—15 dBm. The small rectangular feeding loop is placed on top of the
slot radiator, and the PET layers (H = 50 pm and H2 = 50 ym) are
filled between the loop feeder and the radiator as shown in Fig. 1(a).
The design parameters for the tag antenna are perimeter (L; X W),

0018-926X/$26.00 © 2011 IEEE



378 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 60, NO. 1, JANUARY 2012

"""" Dh.ofset = 4.5 mm
Dh.oset = 6.5 mm
Dp.omser = 8.5 mm
912 MHz

50 100 250

"""" Dyofset = 0 mm
Dyommset = 3.65 mm
=== Dyomer=10.8 mm
@® 912MHz

50 100 250

(b)
Fig. 2. Impedance on Smith chart: (a) varying Dj orfset at a fixed
Dy ospser = 3.65 mm. (b) varying D, o5fse: at a fixed Dy op5ser =
6.5 mm.

line width (L;f, Wiy ), position (Dh of fsets Do.offset), and slot size
(Ls x Wy). The feeding loop, which resonates in combination with
the capacitive microchip, induces currents on the surface of the slot by
using proximity inductive coupling. The dimensions of the slot (L, X
W,), the feeder loop (Lyy, Wig, Ly x W), and the horizontal posi-
tion of the loop ( D}, o 7 fse¢ ) mainly determine the resonance frequency,
while the vertical position of the loop (D, o ffset) controls the quality
factor (Q) of the antenna.

To interpret the impedance characteristic of the proposed antenna,
we investigate the antenna impedance by using a commercial full-wave
EM simulator (Ansoft HFSS) according to the position of the feeding
loop. Fig. 2 shows the computed antenna impedance on a Smith chart,
ranging from 612 MHz to 1,212 MHz, by varying the D#, o7 fse+ and
Dy o fset, respectively. In the same figure, we added —3 dB and —6
dB received power coefficient locus to observe the impedance char-
acteristics more easily. As Dy .offse: increases at a fixed Do o7 fset
of 3.65 mm, the antenna impedance rotates in counterclockwise, as
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Fig. 3. Simulated and measured input impedance.

shown in Fig. 2(a), because Dy, ofssc¢ changes the coupling coeffi-
cient between the slot and the loop feeder, similar to an inductively
coupled antenna [8]. To make the antenna operate at the UHF RFID
frequency used in South Korea, we used a Dy, o s Of 6.5 mm when
the input impedance of the tag chip is 20 —j170 at 912 MHz. We then
change the value of D, ,ffsc+ as shown in Fig. 2(b). The impedance
contour diameter of the «-shape is changed according to the value of
Dy o5 set, resulting in variation in the quality factor (Q) and the band-
width of the antenna. Based on the aforementioned parametric study,
we obtain the optimized design parameters as follows: L, = 200 mm,
Wy =160 mm, Ly, = 116.4 mm, W, = 14.6 mm, Ly = 11.3 mm,
Wp =27mm, Ly = 1 mm, and Wiy = 3.7 mm.

III. RESULT

To verify the performance of the proposed tag experimentally, the
input impedance of the fabricated antenna is measured by using a
coaxial balun probe and an Agilent ES071C vector network analyzer.
Fig. 3 represents the measured and simulated antenna impedance,
as well as the conjugate impedance of the tag chip. The simulated
impedance agrees well with the measurement, and their values are
close to the conjugated chip impedance in the frequency range of
interest. Particularly, the slope of the reactance curve appears to be
parallel to that of the conjugated chip in the range of 860 MHz to 960
MHz, which results in broadband matching in the worldwide UHF
RFID frequency band.

Fig. 4 shows the derived power reflection coefficient curves based
on the measured chip impedance and both measured and simulated an-
tenna impedances. In the same figure, we also added the measured read
range conducted in an anechoic chamber. The simulated half-power
bandwidth (power-reflection coefficient < —3 dB) is 298 MHz (32.
7%), from 798 MHz to 1,096 MHz and the measurement is 294 MHz
(32.2%), from 799 MHz to 1,093 MHz. Such a broad bandwidth makes
it applicable for used in various target materials with different dielec-
tric constants. In addition to bandwidth, to examine the performance
change depending on various target objects, we simulated the read
range when 5-mm-thick dielectric materials were placed underneath
the proposed tag antenna as shown in Fig. 5. The relative dielectric
constant for the target changed from 1 to 9. Then the read range R;.,
was calculated using (1) as follows, with the simulated radiation gain,
impedance mismatch, and a reader with 36 dBm EIRP [9]:
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Fig. 4. Power-reflection coefficient of the proposed antenna.
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Fig. 5. Simulated read range by varying underlying materials.

where minimum operating power P,  is expressed by the power-re-
flection coefficient I';. 4, the radiation efficiency E f f:.4 and the direc-
tivity Dy, 4 of the proposed tag, and Prrrp is the transmitting power
of reader. Although there exist frequency shifts of maximum read range
to the lower frequency band, good read range from 12 mto 15.1 m was
observed at 912 MHz.

IV. CONCLUSION

We proposed a novel UHF RFID tag based on proximity inductively
coupled feeding with the slot radiator for metallic foil packages. The
fabricated tag antenna showed broad matching characteristics of 294
MHz (32.2%), from 799 MHz to 1,093 MHz. The measured reading
distance was over 10 m at 36 dBm EIRP in the UHF RFID frequency
band. The results verified that the proposed low-cost tag antenna can
be used with a metallic foil package with various inner materials.
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Design of a Broadband All-Textile Slotted PIFA

Ping Jack Soh, Guy A. E Vandenbosch, Soo Liam Ooi, and
Nurul Husna Mohd Rais

Abstract—A new broadband textile based PIFA antenna structure de-
signed for wireless body area network (WBAN) applications is presented.
The new topology can be directly integrated into clothing. The study starts
by considering three different materials: flexible copper foil, and ShieldIt
Super and pure copper polyester taffeta conductive textiles. Bandwidth
broadening is successfully achieved by implementing a novel and simple slot
in the radiating patch. The measured reflection coefficient and radiation
characteristics agree well with simulations. Moreover, radiation character-
istics and bandwidth show satisfactory immunity against detuning when
operating on-body, especially when placed on the back. To our knowledge,
the proposed structure is the first fully fabric based slotted PIFA to be re-
ported in open literature with high bandwidth (more than 46%) and rea-
sonable gain (ca. 1.5 dB), to be used for multiple applications in the fre-
quency band of 1.8 to 3.0 GHz.

Index Terms—Broadband antennas, conformal antennas, planar in-
verted-f antennas (PIFA), textile antennas.

I. INTRODUCTION

Due to the increasing demand for multi-functional, multi-band wire-
less operation and consumer-centric technology, textile antennas have

Manuscript received October 05, 2010; revised May 20, 2011; accepted July
15, 2011. Date of publication September 15, 2011; date of current version Jan-
uary 05, 2012. This work was supported in part by the Malaysian Ministry of
Higher Education (MOHE).

P. J. Soh is with the Telecommunications & Microwave Research Division,
Department of Electrical Engineering (ESAT-TELEMIC), Katholieke Univer-
siteit Leuven, 3001 Leuven, Belgium, on leave from the School of Computer
and Communication, Universiti Malaysia Perlis (UniMAP), 02000 Kuala Perlis,
Malaysia (e-mail: pingjack.soh@esat.kuleuven.be).

G. A. E. Vandenbosch is with the ESAT-TELEMIC, Katholieke Universiteit
Leuven, 3001 Heverlee, Belgium (e-mail: guy.vandenbosch@esat.kuleuven.
be).

S.L. Ooi and N. H. M. Rais are with the School of Computer and Communi-
cation Engineering, Universiti Malaysia Perlis (UniMAP), 02000 Kuala Perlis,
Malaysia (e-mail: sooliam @ gmail.com; nwhosena@ gmail.com).

Color versions of one or more of the figures in this communication are avail-
able online at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TAP.2011.2167950

0018-926X/$26.00 © 2011 IEEE



