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Abstract—A slim wideband patch antenna designed for the ultra-
high frequency (UHF) band radio frequency identification (RFID) tag
is presented in this paper, which can be mounted on flat or curved
metallic surfaces directly. The presented antenna is fabricated on
a very thin (only 0.5mm) and low-cost PET substrate (¢, = 3.8,
tand = 0.02). The proposed design consists of tow coplanar patches
radiation unities which are electrically connected to the metallic ground
through two symmetrical shorting walls placed at both edge sides of the
patches. Double symmetrical U-shaped slots are etched out to improve
the antenna bandwidth. A perfect matching between antenna and tag
chip can be easily obtained by varying the geometry parameters of
the slots. The simulated bandwidth is about 97 MHz, which covers
the Europe and North America UHF RFID frequency range. The
measured maximum reading range of the proposed antenna can be
up to 5m when the tag is mounted on a metal plate whose size is
150 x 150 x 8 mm?.

1. INTRODUCTION

Profiting from a rapid expanding of wireless applications in supply
chain management, identification documents, event tickets, and
contactless payments, the technology and influence of radio frequency
identification (RFID) in the ultrahigh frequency (UHF) band has
gained much interest in recent years [1,2]. The allotted band range
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of UHF for RFID system is different for each country, such as 865.6—
867.6 MHz for Europe, 902-928 MHz for North America, and 952—
954 MHz for Japan [3]. A RFID system consists of reader, tag and
interface software. In which, the tag contains radiating antenna and a
chip. The ability of the tag to communicate efficiently with the reader
depends on the antenna characteristics and channel properties [4]. So,
the tag antenna is one of the essential components and plays a key role
in the overall RFID system.

RFID tags need to be attached to various objects with different
shapes and material properties [5,6]. In some practical applications,
the tags need to be attached on electrically metallic objects’
surface. But these metallic environments have a significant effect
on nearby electromagnetic fields, and this effect changes antenna’s
radiation pattern, input impedance, radiation efficiency and resonant
frequency [7,8]. Therefore, the design of RFID tag for metallic usage,
such as containers, notebooks, and cars, is a challenge, especially when
tags attached to those objects like bottle and gas cylinders which have
a curved metallic surface.

In order to weaken the interference from metallic objects and
to meet the conformal requirements between the tag antenna and
the objects, a tag antenna in structure including a ground plane
can be viewed, and the flexible substrate can be selected. Besides,
some requirements in commercially should be taken into account in
design process, such as the size of the antenna, sensitive read range,
manufacturing cost, and impedance matching [8,9]. Based on the
above considerations, several designs have been developed [10-14].
However, the size of the tag antenna in these designs is not small or thin
enough, e.g., 118 x43 x 1.5mm? in [10]. A circular shape tag with high-
permittivity ceramic (BaTiOs) structure has been proposed in [11],
and its diameter and thickness are 27.5 mm and 2.75 mm, respectively.
Another 80 x 25 x 3.5 mm? metal tag is designed in [12] and consists
of an additional loop feed. Ref. [13] proposed a miniature tag for
metallic objects (32 x 18 x 3.2mm?), whose size is minimized by using
an unconnected conductive layer to increase the capacitance of the
antenna, but this method reduces the antenna radiation performance.
Besides, many of these designs suffer from narrow bandwidth (40 MHz,
for example), and the rigid substrates in these designs cannot be
suitable for conformal applications.

A multi-slotted tag with 1.6 mm thickness and 31 MHz bandwidth
is proposed in [14], which also discusses how the bandwidth could be
increased by incorporating multiple slots. A metal-mountable tag with
a size 140 x50 x 1.8 mm? is designed in [15], which has a shorting wall at
one edge side. Its read range is 4 m on copper plate. By replacing the
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FR-4 substrate layer with paper substrate, it can be bent for conformal
usage [16].

In this paper, a wideband UHF RFID tag patch antenna is
proposed for metallic objects which have following characteristics:
(1) thinness (only 0.5mm); (2) wideband (about 97.1 MHz);
(3) allow bending for conformal requirements; and (4) it can be
directly mounted on metallic surfaces. The configuration of the
antenna and simulation results will be explained in Section 2.
Parametric studies and measurement results are given in Section 3.
Finally, conclusions are drawn in Section 4.

2. ANTENNA DESIGN AND RESULTS

There are two approaches in the RFID metal tag antenna design. The
first one is to reduce the interference from the metallic surface effect, for
example, inserting of a high permittivity substrate or embedding of a
high-impedance surface (HIS) ground plane. The other is to arrange a
conductive ground plane in the antenna structure to reduce the metallic
surface effect in the antenna performance [8,17], for example, IFA,
PIFA, or the commonly used patch-type antenna [18]. Our design is
based on the second solution.

The proposed antenna consists of two symmetry rectangular
metallic radiation patches with two symmetrical U-shaped slots and
a ground plane. The configuration is shown in Figure 1(a). The
radiation patches are separated by 4mm gap. The tag chip (1 x 1 mm?)
is placed between the two patches and connects to both of them. The
radiation metallic patches are electrically connected to the ground
plane through two symmetrical metallic shorting walls which are placed
in each edge side. The substrate between patches and ground is PET
(er = 3.8, tand = 0.02) with the thickness 0.5 mm. The overall size of
the antenna is 80 x 31 x 0.5mm?®. Profiting from its thin and flexible
PET substrate, the proposed tag is bendable (shown in Figure 1(c)).
The detailed geometries parameters of the tag antenna are given in
Table 1.

The selected Alien’s Higgs_3 tag chip has an intrinsic impedance
of Z, = 27 — 52019 at 915MHz [19]. And a metal plate in size
150 x 150 x 8mm? is considered in simulation model. The desired
antenna input impedance has to be conjugately matched to tag chip
to ensure adequate power transmission to the chip. The power
transmission coefficient is defined as

4Real(Z,)Real(Z.)
T =
Za+ Ze|”

(1)
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Figure 1. Geometries of the proposed tag antenna. (a) Schematic
diagram of the antenna. (b) Photograph of the antenna. (c) On curved
metallic surfaces.

Table 1. Detail geometries parameters of the antenna.

Total length Total width Overall height Slot length
(L) (W) (h) (Lr)
80 mm 31 mm 0.5mm 26.5 mm
. Slot short Distance between Gap width
Slot width .
(W) side length slot and gap edge between patches
) (Ls) (Lp) Wy)
2.2mm 3.4 mm 6 mm 4mm

where Z. = R.+ jX. and Z, = R, + j X, are the input impedances of
the chip and the antenna, respectively.
The input impedance of the proposed antenna is shown in
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Figure 2. There are intersections between the tag impedance and the
chip conjugate impedance around 920 MHz, and this indicates that the
tag has a good conjugate match with the chip at this frequency. The
power transmission and input reflection coefficient (S11) are shown
in Figure 3. It can be noted that the antenna has a wideband
performance on the metallic surface (—10dB bandwidth is 97.1 MHz,
from 856.8 MHz to 953.9 MHz).

Figure 4 shows that the simulated radiation patterns of the
antenna are placed in free space and the metal plate for x-z plane
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Figure 2. The input impedance Figure 3. The power transimis-
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Figure 4. The radiation patterns at 915 MHz in free space and on a
150 x 150 x 8 mm? metal plate. (a) z-z plane (p = 0°). (b) y-z plane
(p =190°).
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(¢ = 0°) and y-z plane (¢ = 90°), respectively. And the back radiation
in the direction —z is decreased dramatically when the antenna is
mounted on the metal plate.

3. PARAMETRIC STUDIES

The parametric studies are carried out to provide more design
information for readers.

3.1. Effect of the Slots

Generally, the tag chip is capacitive in nature [20]. Accordingly, the
antenna should be inductive for perfect matching. The slots created on
metallic patches can help increasing inductance value of the antenna,
and hence changing the slots dimension leads to the changes of antenna
inductance.

In order to further illustrate the effect of the slots, a tag without
U-shaped slots but with the same overall size (80 x 31 x 0.5 mm?)
is analyzed firstly. The input impedance of the unslotted antenna is
shown in Figure 5(a). In Figure 5(a), one can see that the antenna
input impedance can never match chip impedance in the UHF RFID
frequency range (860~960 MHz). The power transmission coefficient
is shown in Figure 5(b). The detailed performances of the proposed
tag and unslotted tag are both given in Table 2. It can be noted

500 T T T T T T 10— D T T T

——Tag Imag
— —Tag Real 4
0.86-096GHz " —-— Chip Imag*

! -+« -ChipReal | |

400 -

300

Input impedance (Ohm)
Power transmission coefficient

200 L 1 L L 1 1 L 00 - el L I
0.80 085 0.90 0.85 100 105 1.10 1.15 120 0.80 0385 0.80 085 1.00 105 110 115 120

Freguency (GHz) Frequency (GHz)

@ (b)

Figure 5. The input impedance and power transmission of the
unslotted antenna. (a) Input impedance. (b) Power transmission
coefficient.
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Table 2. Antenna performance with different number of slots.

Resonant Input . Gain at o
. Bandwidth Radiation
Tag type  frequency impedance at 915 MHz .
(MHz) efficiency
(MHz) 915 MHz (Q) (dB)
d
protp os¢ 9221 20.7+ j198.6 97.1 —5.86 7.32%
ag
Unslotted
nsto 9970 3.3+ j49.4 31.7 —424  12.83%
ag

that the best working frequency of the unslotted antenna is offset to
larger frequency than the UHF RFID band. According to antenna
theory, the antenna size should be extended to get a satisfying resonant
frequency, but this does not meet the design concept. Fortunately, as
previously mentioned, we can achieve the miniaturization purpose by
adding slots in the patches of the antenna. Bedsides, the slots can help
to improve the bandwidth characteristics of the tag antenna.

If we create more symmetrical U-shaped slots for this tag antenna,
we can find that with increasing of slots, the antenna has the following
characteristics: (1) Decreasing in resonant frequency; (2) Decreasing in
bandwidth: the bandwidth of proposed antenna with two symmetrical
U-shaped slots is 97.1 MHz whereas in the presence of six slots the
bandwidth decreases to 53.7 MHz; (3) Decreasing in gain and radiation
efficiency. From these, we can deduce that creating more slots, the
antenna size can be reduced but with other trade-off.

3.2. Effect of the Metal Plat

The proposed tag antenna can be also used in free space. Figure 6
shows the input reflection coefficient (S11) of the antenna mounted on
the 150 x 150 x 8 mm?® metal plat and placed in free space. It can be
noted from Figure 6 that the resonant frequency will be reduced when
it works in free space (without metal plate).

We know that the metallic environment has a significant effect
on antenna performance. The effects of the metallic environment are
investigated by changing metal plat size, and the results are shown in
Table 3. From Table 3, one can see that the size of the metal plate has
little effect on antenna resonant frequency and bandwidth; the gain
firstly increases and then decreases with the increasing of the size of
the metal plate; and the backward radiation decreases with the metal
plate size increasing. The study also showed that the thickness of the
metal has almost no effect on antenna performance.
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Table 3. Antenna performance with different size of metal plat.

t Gain at
. resonat amn a Front-back Bandwidth
Size of metal plat frequency 915 MHz .
ratio (dB) (MHz)
(MHz) (dB)
Free space 904.5 —5.58 1.03 96.9
80 x 80 x 8 mm? 922.6 —7.31 3.45 88.9
100 x 100 x 8 mm? 934.7 —4.91 5.95 97.6
120 x 120 x 8 mm?® 930.7 —4.87 8.16 89.5
140 x 140 x 8 mm? 926.6 —5.41 9.88 92.6
160 x 160x8 mm? 920.6 —5.99 11.75 93.8
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Figure 6. The comparation of Figure 7. Measured read

input reflection coefficient (S11)
for the proposed antenna in free
space and on a 150 x 150 x 8 mm?
metal plate.

range of the proposed antenna on
flat and curved metallic surfaces
(bending radian is about 25 de-
gree) and in free space.

3.3. Effect of the Bending Angle

Due to its thin and flexible substrate, the proposed design can be used
for conformal applications. The bending radian is a key parameter in
conformal use. The effect of the bending radian is given in Table 4.
As shown in Table 4, both the resonant frequency and gain decrease
with increasing bending radian, and the antenna performance will
deteriorate if the bending radian is greater than 35 degree.

In order to demonstrate the characteristics of the proposed tag
antenna, a prototype has been fabricated, which shown in Figure 1(b).
The read range of the prototype was tested by Tagformance Lite [21].
A line polarization antenna, which has the same polarization feature
with the proposed tag is equipped for reader, the output power of the
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Table 4. Antenna performance with different bending radian.

Radian resonant Gain at .
) Bandwidth
radian frequency 915 MHz
(MHz)
(degree) (MHz) (dB)
5 932.7 —5.41 81.2
10 928.6 —5.56 84.8
20 918.6 —6.18 87.3
25 902.5 —6.43 80.5
30 896.7 —6.79 74.2
35 876.4 —7.59 70.2

reader is fixed in 36 dBm (EIRP 4 W) [22]. The test results of the read
range is shown in Figure 7.

As Figure 7 shows, the maximum reading range can be up to 5.8 m
in free space. When it is mounted on the 150 x 150 x 8 mm? flat metal
plate, the reading range can be stable up to 4m in a wide frequency
range, and the maximum read range can be up to 5m. While on
a curved metal surface (the bending radian is about 25 degree), the
maximum reading range can be up to 3.7m which can be noted from
Figure 7 also.

4. CONCLUSIONS

A novel slim patch antenna for UHF RFID tag has been designed,
which can be used for metallic object. It only has 0.5 mm in thickness.
The operation frequency band covers the Europe and North America
UHF RFID band range and guarantees a good match with the chip
reactance. The measured results demonstrate that the reading range
is larger than 5m in free space and 4m on metal surface. It can be
affixed to the curved metal surface due to its flexible feature.
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