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Abstract—In this research, a planar wideband microstrip patch
antenna for passive radio frequency identification (RFID) tag is
proposed. To enable universal operation by covering the
operating frequency of ultra-high frequency (UHF) RFID band
from 860 MHz to 960 MHz, two C-shaped patches are employed.
Both of the patches are inductively coupled fed by a rectangular
loop feeding network for complex impedance matching with the
referenced microchip impedance. The proposed antenna is
designed for tagging metallic objects. To simplify the fabrication
process and to reduce cost, a planar antenna structure is chosen
over multi or cross layered configuration. The simulation and
measurement results show impedance bandwidth of 159 MHz and
155 MHz (Return loss > 3 dB) respectively when mounted on
metal plate.

Index Terms—Complex impedance matching, metallic
objects, patch antenna, radio frequency identification (RFID),
ultra-high frequency (UHF).

I. INTRODUCTION

The need for automatic monitoring and tracking of objects,
animal or even human has led to intense research in radio
frequency identification (RFID). With the ultimate aim to ease
the process and to reduce as much as possible physical human
intervention, RFID is seen as the way forward to realize the
goal. Generally, an object is tagged with a wireless device
called tag [1]. A reader located within the vicinity of the tagged
objects read the information contained within the tag. The data
carried by the tag consists of its identification number, location
information and product specification [2]. Some of the
advantages of RFID as compared to other automatic
identification (Auto ID) technology such as optical barcode are
independent of line of sight (LOS), high transmission rate and
large storage capacity [3].

RFID system can be categorized into several groups based
on its operating frequency, power source and protocol that
govern its communication. There are four main operating
frequency bands of RFID which are low frequency (LF), high
frequency (HF), ultra high frequency (UHF) and microwave.
LF and HF systems operate in the near field region by mean of
inductive coupling between the tag and reader’s coils hence
resulting in shorter read range of about 1 meter [4]. On the
other hand, UHF and microwave systems communicate via
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travelling electromagnetic coupling thus able to provide longer
read range. In both systems, tag and reader are equipped with
its own antenna. Since most of the emerging RFID applications
require high read range, UHF system is rapidly becoming the
preferred solution especially in supply chain management,
logistics, and access control.

In UHF system, tag is made up of a microchip connected to
an antenna as illustrated in Fig. 1. Tag is classified into three
main categories which are active, semi-active and passive tag
[3]. Active tag is equipped with its own power source such as
battery to provide ample power to microchip and transmitter
for tag to reader communication. However, the inclusion of
battery and transmitter increases the cost of the tag
substantially which might deter its implementation in low cost
RFID solutions. In this case, passive tag can be used where it
operates in the absence of both battery and transmitter. To
provide power to microchip for this passive system, energy
from the transmitted electromagnetic wave generated by reader
is harvested by the tag antenna. As for tag to reader
communication, a unique type modulation technique called
backscattering modulation is used. This modulation is executed
by the microchip by changing its front end complex RF input
impedance between match and mismatch with the antenna
input impedance corresponds to information bit ‘0’ and ‘1’ [1].
The resulting reflected power received by the reader varies
between high and low which enable demodulation of the
transmitted information from the tag. Semi-active tag lies
between both active and passive where it has its internal power
source albeit without transmitter. To compensate for the
exclusion of transmitter, backscattering modulation method is
also being used by semi-active tag.

Microchip

Tag antenna

Fig.1 Typical RFID tag configuration
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A label-type printed dipole antenna is commonly adopted
as a tag antenna due to its cheap cost and easy to fabricate [5-7].
However, there is limitation faced by this type of antenna
which is serious performance degradation when mounted on
metallic objects. This is due to current induced in the antenna is
cancelled by the opposite image current induced in the metallic
objects since at the surface of the perfect electric conductor
(PEC), the tangential component of electric field cannot exist
[8, 9]. This scenario lead to changes in the antenna
performances like shift in operating frequency thus leads to
impedance mismatch, distorted radiation pattern and reduce
gain.

To mitigate the issue, several methods have been proposed.
One of them is the use of foam spacer to distance the tag and
the metallic objects [10]. The tag is properly located at a
distance where constructive interference occurs. However, the
main limitation of the proposed solution is bulky tag
configuration. In order to realize low profile structure,
microstrip patch antenna has been given serious consideration
due to the fact that it is naturally a grounded antenna. As a
result, when it is used as tag antenna for metallic application,
the surface of the objects will merely act as the antenna
extended ground plane hence little performance changes is
anticipated. Several patch antennas for metallic application has
been presented with various patch shapes [11-13]. However,
they are narrowband antenna thus not able to operate
worldwide. To improve the bandwidth of the patch antenna,
[14] and [15] has proposed microstrip antenna employing
embedded slot design. However, these designs require cross
layered structure due to via hole and shorting plate. Moreover,
patch antenna incorporating dual layer substrate was proposed
n [16]. All of these patch antenna designs presents complex
and costly solution. In order to reduce fabrication complexity
and cost, a simple and planar patch antenna configuration is
needed. [17] has presented patch antenna for UHF RFID tag
that does not require cross layered design. Although the
fabrication process is greatly simplified, the antenna exhibit
narrow band width thus limiting it use for universal tag
application.

In this paper, a planar wideband microstrip patch antenna is
proposed for UHF RFID tag for metallic application. Due to its
wideband characteristic, it is aimed the proposed antenna is
able to operate worldwide. Another interesting characteristic of
the antenna is its planar structure that provides ease of
fabrication and potential cost reduction. The rest of the paper is
organised as follows. Section 2 discusses the antenna design.
Section 3 presents the simulation and experimental results and
discussion while conclusion is made in the last section.

II. ANTENNA DESIGN

Antenna design for UHF RFID system has been
comprehensively presented in [1, 4]. One of the important steps
in tag antenna design is impedance matching. Unlike typical
antenna where it is designed to match with the 50 ohm feeding
line such as coaxial cable, tag antenna for UHF systems is
conjugate matched to complex impedance of the microchip
connected to the antenna. To calculate the impedance matching,

return loss (RL) of the antenna can be calculated using
equation (1) [18]

RL = —20 logy,|T| (1)

where I' is the reflection coefficient at the antenna input
terminal. I' can be expressed using equation (2) [19]
_ Zin — ;hip ()
Z in + Zchip
where Z;;, and Zy;;, are the complex input impedance of the
tag antenna and the microchip.

In this design, Alien Higgs-3 is chosen as the referenced
microchip. The complex impedance of the microchip is,
Zchip = 31— 212 Q at 915 MHz. The capacitive reactance of
the microchip is due to the inclusion of energy-storage stage in
the microchip design. In order to present an inductive reactance
at the antenna input impedance so as to cancel the capacitive
reactance of the microchip, a rectangular loop patch is chosen
as the feeding network. The feed loop acts a transformer to
transform the impedance of a radiating element which is in
close proximity with the loop. The input terminal of the
rectangular loop is directly connected to the microchip. The
input impedance seen at the input terminal of the feeding loop
is given by [20]

(2nfM)?

Zin = Zloop + Zn

3)

where Zy,,,, M and Z,,, are the input impedance of the loop,
mutual inductance between the loop and the radiating element
and input impedance of the radiating element. Based on
equation (3), the input resistance, R;,, and input reactance, X;,
are individually expressed in equation (4) and equation (5)

_ @rfoM)?
Rin(fo) = Rnfa) (4)
Xin(fo) = 27TfoLloop (%)

where fis the operating frequency of the antenna. Based on
equation (4), the input resistance depends on mutual inductance
between the loop and the radiating element and can be
controlled by varying the loop size and the distance between
the loop and the radiating elements. As for the input reactance,
it is mainly affected by the loop’s parameter as shown in
equation (6) [21]

Lioop = 0.4(Ly + WL)ln[ o WL)] ED )
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Initially, rectangular patch antenna is used as the radiating
element for the design due to its simple structure and easy to
analyse. The length of the rectangular patch is firstly
approximated using closed form expression below [22]

where Losr, L and AL are the effective length, physical length
and the extended length due to fringing field effects. AL is
given by [22]

eorr +0.3) (% 4 0.264
ﬁ=0.412(w )(” )

h (ecrs — 0.258) (% +08)

(10)

W is the width of the rectangular patch, % is the substrate height
and €5y is the effective dielectric constant. For the case W/h>1,
€c5f can be calculated using equation (11) as follows [23]

&g+1 g -1 hy7Y?
Eeff = + > [1+12W] (11)

&, 1s the relative dielectric constant of the substrate.

The substrate for the patch antenna is glass epoxy FR-4
with dielectric constant, &, = 4.4 and tangential loss, tan§ =
0.002. The selection of the substrate is made due to its cheap
cost to reduce the antenna cost. The thickness of the substrate,
h was set to 1.6 mm to keep the antenna low profile. To realize
wideband characteristic, multi resonator configuration is
implemented where two patches are fed by the same loop
feeding network as shown in Fig. 2.
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Fig.2 The geometry of the antenna. (a) Top view and (b) side view.

The width of both radiating element is fixed to 10 mm to
ensure small size antenna is achieved. A rectangular slot is then
cut at one of the non-radiating side of the rectangular patches
to further reduce the antenna dimension. This leads to increase
of electrical current path on the patches thus lowering the
resonant frequency hence making the projected length shorter
than that of initial rectangular form [23]. In addition, two
narrow slots are embedded at both of the resulting C-shaped
patches for easy tuning of the resonating frequency without the
need to change other parameters.

The antenna is constructed using the approximated
calculated parameter value using equation (4)-(11). Afterwards,
parametric refinement is carried out to produce the optimal
antenna design. The optimal antenna parameter is tabulated in
Table 1. The prototype of the antenna is illustrated in Fig. 3.

Fig. 3 Prototype of the proposed wideband antenna.

TABLE 1
OPTIMIZED DESIGN SPECIFICATION OF THE PROPOSED
ANTENNA
Parameter Value (mm)
w1 10
L1 74
w2 10
L2 69
|74 1
L 30
dl 2
d2 2
Winset 4
t 0.0358
h 1.6
Wy 2
a 29
b 10
Ground plane and substrate 87 x 45
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II. RESULTS AND DISCUSSION

The surface current density of the antenna at both resonant
frequencies is illustrated in Fig. 4. It is clearly shown that the
antenna resonates at two different frequencies close to each
other to form wide impedance bandwidth. To observe the effect
of metallic surface on the proposed antenna performance,
simulation and measurement of the antenna when placed on the
metal plate was also performed.
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Fig. 4 Surface current distribution of the antenna at two resonant modes. (a)
883 MHz and (b) 953 MHz.
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The simulated and measured impedance of the antenna for
the two scenarios are depicted in Fig. 5. A good agreement
between the two results proves that good impedance matching
is realized throughout the entire UHF frequency band. The
different between the simulation and measurement results
especially for the antenna input resistance is due to fabrication
inaccuracies and the surrounding effects during the
measurement process. Nevertheless, the half-power impedance
bandwidth (RL> 3 dB) for both cases is well above the required
100 MHz as shown in Fig. 6.
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Fig. 5 Simulated and measured impedance of the antenna and the microchip
conjugate impedance value against frequency. (a) Resistance and (b) reactance
value against frequency.
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Fig. 6 Return loss (dB) of the proposed antenna.
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Fig. 7 Simulated (a) normalized E-field and (b) normalized H-field radiation
patterns at two resonant frequencies.
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The simulated radiation patterns of the antenna at the
resonating frequencies are shown in Fig. 7. The resulting
patterns at both of the resonance are almost identical and
exhibit broadside radiation pattern as expected of microstrip
patch antenna. Furthermore, the peak gain of the antenna is

illustrated in Fig. 8.
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Fig. 8 Peak antenna gain of the proposed antenna.

IV. CONCLUSIONS

A planar wideband microstrip patch antenna is proposed in
this research. Two C-shaped patches are fed by rectangular
loop feeding structure to increase the bandwidth of the antenna
for universal usage. The planar structure of the antenna
provides ease of fabrication due to the exclusion of multi and
cross layered configuration. The design of the antenna is
supplemented by simulation and experimental results. The
simulated and measured half power bandwidths of the antenna
(RL> 3 dB) are 159 MHz and 155 MHz respectively. Moreover,
the peak gain of the antenna is sufficient to give reasonable
read range for the entire UHF frequency band. In the future,
measurement for the antenna radiation pattern shall be
conducted to complement the simulation results.
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