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Design of a novel dual ports antenna to
enhance sensitivity of handheld RFID reader

bo wang, yiqi zhuang, xiaoming li and weifeng liu

A compact dual ports antenna with high isolation is proposed for handheld radio frequency identification (RFID) reader
which is rarely reported in open literatures. Different with conventional handheld RFID reader antennas with single port,
the proposed antenna transmits and receives signal separately. The proposed antenna operating with full duplex mode
can enhance effectively sensitivity of reader, since the strong transmitting signal of reader with single port is usually highly
coupled with weak receiving backscatter signal of tag. The antenna utilizes E-shaped aperture-coupled patch structure
that occupies less volume and provides further space-saving efficiency. The height of the proposed antenna is only 6.8 mm
and the volume of that is 80 mm × 80 mm × 6.8 mm, which is easy to integrate in handheld RFID readers. The antenna
uses two E-shaped coupling apertures to excite two orthogonal modes for dual-polarized operation. High isolation of
around 230 dB is obtained by proper arrangement of the length of coupling apertures and the position of the stubs. The mea-
sured results show 210 dB matching band and 225 dB isolation band from 2.32 to 2.6 GHz and from 2.3 to 2.55 GHz,
respectively. The antenna is suitable for applications in handheld RFID readers.
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I . I N T R O D U C T I O N

The use of radio frequency identification (RFID) systems has
become widespread in a variety of applications. Most of RFID
systems operate in the megahertz frequency range. Generally
speaking, the higher the frequency band, the longer is the
reading range. Recently, 2.45 GHz band RFID systems are
under active development, since they are able to provide
better features such as higher reading speed and longer
reading range than other RFID systems operating within a dif-
ferent frequency band. A RFID reader is a radio transceiver: a
transmitter and receiver that works together to communicate
with the tag. The RFID readers can be classified into handheld
readers and fixed readers according to their mobility.

Handheld RFID readers reported are all single port with
various structures [1–6]. RFID system consists of a tag and
reader. The reader transmits a continuous wave (CW) signal
to a tag and the tag backscatters modulated signal to the
reader. In the receiving part of reader, the backscattering
signal is directly coupled with the strong transmitting CW
signal, which degrades the receiving sensitivity of reader.
The directly coupled CW signal is much larger than the back-
scatter signal from the tag and the receiving part of the reader
should detect the weak signal closed to such a strong in-band
interfere. The leakage from the transmitting part to the receiv-
ing part can be an important limit in the receiving sensitivity.

Therefore, it is essential to separate transmitting and receiving
parts with dual ports to achieve high isolation between them.

Fixed RFID reader antennas in 2.4 GHz band have
been studied more extensive than handheld ones [7–17].
Microstrip patch antennas [7–8] and microstrip antennas
[9–14] with single port are proposed for RFID reader applica-
tions. As handheld RFID reader antennas, fixed ones utilize
single port to transmit and receive signal but also have sensi-
tivity problem. To realize a reader antenna with separate
transmitting and receiving ports is not an easy task.
Research papers for this goal are rare, although there have
been some partial efforts [15–17]. However, antennas with
dual ports have received considerable attention in 915 MHz
band. Among dual ports antennas in both 2.4 GHz band and
915 MHz band, aperture-coupled microstrip patch antennas
are the most suitable candidates. In [15–17] antennas use
aperture-coupled patch structure, but they perform poor isola-
tion between the orthogonal feeding ports due to high mutual
coupling. It is desirable to have isolation of lower than 25 dB
between the transmitting and receiving ports in order to have
the smooth transmission and less cross-talk in the circuits. A
dual ports antenna applying aperture-coupled patch structure
is designed in this paper. The measured 225 dB isolation
band from 2.3 to 2.55 GHz covers the 2.4–2.48 GHz. The
whole volume of the designed antenna is 80 mm × 80 mm ×
6.8 mm, which is comparable smaller than the reported ones
[15–17]. Table 1 compares the reported dual ports RFID
reader antennas in terms of return loss bandwidth, isolation
bandwidth, and antenna volume. Since, the antenna is to be
used within a handheld RFID reader, the size of the antenna in
general should be around 100 mm length and width, and
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around 10 mm in thickness [18]. Therefore, open literatures
[15, 16] described reader antennas with dual ports are com-
parable large to be mounted into a handheld RFID reader,
however they are suitable for fixed readers.

In this paper, a novel design of an aperture-coupled
patch antenna with separate receive (Rx) and transmit (Tx)
ports of high isolation is introduced for RFID ISM band
(2.4–2.48 GHz) applications. E-shaped slots in the ground
plane and modified T-shaped feeding lines are used to
achieve high isolation and the compactness. The rest of the
sections are organized as follows: Section II presents the
detail design and principle of the aperture-coupled patch

antenna. The measured ports isolation and impedance match-
ing of the proposed antenna are discussed in Section III. The
effects of variation in position of stub and length of slot on iso-
lation and impedance matching are analyzed in Section IV.
The conclusions are given in Section V.

I I . A N T E N N A S T R U C T U R E A N D
D E S I G N

Among dual-polarized antenna designs, aperture-coupled
microstrip patch antennas are the most suitable candidates

Table 1. Comparison of the proposed dual ports antenna with reported ones.

Isolation bandwidth (<225 dB) Return loss bandwidth (<210 dB) Volume (mm3)

[15] 20 MHz (2.41–2.43 GHz) 170 MHz (2.37–2.54 GHz) 220 × 220 × 32.6
[16] 400 MHz (2.2–2.6 GHz) 120 MHz (2.38–2.5 GHz) 170 × 170 × 5.08
[17] 10 MHz (2.45–2.46 GHz) 180 MHz (2.34–2.52 GHz) 60 × 60 × 3
This work 250 MHz (2.3–2.55 GHz) 280 MHz (2.32–2.6 GHz) 80 × 80 × 6.8

Fig. 1. (a) Top view of antenna-1, (b) top view of antenna-2, (c) configurations of antenna-3, and (d) prototype of the antenna-3.
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for RFID application. Aperture-coupled feeding is preferred to
other feeding mechanisms of microstrip patch antenna due to its
greater design flexibility, easy fabrication, and low cost. Several
dual-polarized antennas have approximately 220 dB isolation
between Rx and Tx ports, thus the backscattering signal at Rx
port is strongly coupled to the Tx port, which decreases reader
sensitivity. In traditional designs of aperture-coupled antenna,
they are using two off-center orthogonal apertures or two
crossed-apertures located at the center of patch. But these tech-
niques require high air layer in order to reduce the coupling
between two feeding lines, antennas are inconvenient of inte-
grating in RFID reader due to its increasing volume.
Consequently E-slot is introduced to couple the energy of
the T-shaped feeding lines to the square patch for increasing
isolation between Rx and Tx ports and decreasing the volume.

The configuration of the aperture-coupled antenna is shown
in Fig. 1(c), the unit is mm. It consists of two FR4 substrates
with dielectric constant of 4.4 and loss tangent of 0.02. A single-
layer substrate (56 mm × 56 mm × 1.2 mm) is suspended
4 mm above the double-layer substrate (80 mm × 80 mm ×
1.6 mm). A square patch of 50 mm × 50 mm is etched on
the top side of the single-layer substrate. Two 50 V modified
T-shaped microstrip lines with width of Wf ¼ 3 mm and
length of Ls ¼ 43 mm are fed by separate ports 1 and 2 on
the bottom side of the double-layer substrate. The mathematic-
al equations for calculating the Wf and Ls are as follows:
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where Zc is the characteristic impedance of the feeding line, lg

is the dielectric wavelength, l0 is the air wavelength, 1r is the
effective dielectric constant and h is the substrate thickness.
The substrate thickness, h, in this design is 1.6 mm. The
ground plane is printed on top side of the substrate and two
E-slots are etched on it. The slots change the current path
on the ground and generate high isolation. The proposed
antenna uses a square microstrip patch antenna as a radiator
and E-shape apertures in the ground plane of the antenna to
couple microwave energy from the feeding lines. In most
aperture-coupled patch antennas, the feeding lines substrate
enables the use of a thin, high-dielectric constant substrate.
The radiator is printed on a thick, low-dielectric constant sub-
strate, which is desirable for getting a large bandwidth and
good radiation efficiency. However, the two substrates in
this design are both FR4, with different thickness. In addition,
spurious radiation from the feeding lines is eliminated due to
ground plane shielding, which results in a very low cross-
polarization level.

In Fig. 1 two initial designs of the proposed antenna are
presented. The antenna design is started from an antenna fed
by modified T-shape feeding line with U-slot (antenna-1).
An improvement is achieved by inserting a rectangular slot
to U-slot to obtain wideband isolation (antenna-2). By properly

adding one more stub to modified T-shaped feeding line, the
antenna realizes good impedance matching (antenna-3).

U-slots are modified in the ground plane and stubs are
added in the end of the feeding lines for improving isolation
and impedance matching. The ports isolation, return loss,
and peak gain of antenna-1, antenna-2, and antenna-3 are
shown in Fig. 2, respectively. It is clearly seen that introducing
a slot to antenna-1 enlarges the ports isolation bandwidth in
Fig. 2(a) and adding a stub to antenna-2 enhances the imped-
ance matching dramatically in Fig. 2(b). Figure 2 (c) indicates
that introducing a slot overturns the increasing trend of peak
gain of antenna-1 and adding a stub increases the peak gain of
antenna-2 in low band.

To investigate the mechanism of mutual coupling between
two ports, current distributions in different layers under the
patch have been simulated with port 1 excited and port 2 termi-
nated with 50 V. The current distribution at 2.45 GHz on the
ground plane, feeding line and patch of antenna-1, antenna-2,
and antenna-3 are illustrated in Figs 3–5, respectively.

As shown in Fig. 3(a), the current concentrates in the left
arm of the lower U-slot and it couples with the upper
U-slot. The ports isolation increases much since the electro-
magnetic energy of port 1 is highly coupled to port 2. For
decreasing ports isolation, a slot is added in the middle of
U-slot and the ports isolation is improved effectively as
shown in Fig. 3(b). The current at the end of upper U-slot
becomes weaker and the current at the left arm of the lower
U-slot flows to the right arm. As a result, the electromagnetic
energy of port 1 is coupled less with port 2. It can be seen in
Fig. 3(c) that surface current is flowing along the feeding line
from ports 1 to 2 and gradually attenuated. The current
around port 2 is greatly weaker than that around port 1. It
has demonstrated an excellent isolation between ports 1 and 2.

The current concentrates in the end of feeding line 1
describing in Fig. 4(b), and it is much stronger than rest
part of the feeding line 1. It results in bad impedance matching
shown in Fig. 2(b). In this paper, stub 2 is introduced around
stub1 to increase the capacitive between two stubs, thus
reduces the inductive of stub 1. The impedance matching is
improved dramatically presenting in Fig. 2(b).

We can see that current on patch of antenna-3 distributes
the most strongest in Fig. 5(c). Hence, the antenna-3 has the
biggest peak gain.

The simulated surface current distributions on the radiat-
ing patch at 2.45 GHz are shown in Fig. 6 for different
time frames: t ¼ 0 (08), T/4(908), T/2(1808), 3 T/4(2708). It
is displayed that surface currents cause linear polarization
with time. Since the proposed antenna has a symmetrical
structure, the Tx and Rx ports can interchange to create
linear polarization. Thus, the proposed antenna has dual
linear polarization in one antenna structure and orthogonal
polarization improves isolation between two ports.

I I I . P E R F O R M A N C E O F A P E R T U R E
C O U P L E D A N T E N N A

Figs 7(a)–7(c) illustrate the simulated and measured ports
isolation, return loss, and peak gain of the antenna, respective-
ly. The measured return loss is less than 210 dB over the
frequency band of 2.32–2.6 GHz. The measured 225 dB
bandwidth of 2.3–2.55 GHz is obtained with average
235 dB. The antenna exhibits the measured peak gain from
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Fig. 2. Characters of three antennas: (a) ports isolation, (b) return loss, and (c) peak gain.

Fig. 3. Current distribution on ground plane: (a) antenna-1, (b) antenna-2, and (c) antenna-3.
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3 to 1.6 dBi according to the frequency band of 2.4–2.48 GHz.
In microwave band, antenna gain is not critical since active
tags are commonly used in many applications. The measured
and simulated return loss, isolation, and peak gain show good
agreement.

Fig. 8 shows the measured radiation patterns at 2.45 GHz
with port 1 excited in the orthogonal XOZ- (phi ¼ 08) and
YOZ (phi ¼ 908)-planes with angular step of 108. Due to the
symmetrical characteristic of antenna, there is only a slight
difference of radiation patterns between two ports and Fig. 8

Fig. 4. Current distribution on feeding line: (a) antenna-1, (b) antenna-2, and
(c) antenna-3.

Fig. 5. Current distribution on patch: (a) antenna-1, (b) antenna-2, and (c)
antenna-3.
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Fig. 6. Radiating patch surface current distributions for four different phase intervals. (a) 08, (b) 908, (c) 1808, and (d) 2708.

Fig. 7. The characters of proposed antenna: (a) ports isolation, (b) return loss, and (c) peak gain.
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just show the results of port 1. The main beam of radiation is
fixed in the broadside direction. The radiation pattern in the
XOZ-plane is omnidirectional, but that in the YOZ-plane is
unidirectional.

I V . P A R A M E T E R S S I M U L A T I O N
A N D A N A L Y S I S

To further examine the appropriate ports isolation and
impedance-matching condition caused from the slots and
the stubs, HFSS, based on the finite element method, is used
to numerically investigate and optimize the proposed
antenna configuration. One physical attribute of the antenna
is independently varied, while the other parameter is kept
unchanged. For clear visualization, the final optimized para-
meters are depicted with red line in each simulation figure.
The final optimized values are stub-x ¼ 21 mm and
slot-L ¼ 45 mm.

A) The effect of the stub-x
The dependencies of the return loss and isolation on stub-x
are described in Fig. 9. Figure 9(a) indicates that ports isola-
tion has one variation trend with stub-x of 3 mm, while the
other three parameter values of stub-x have the other trend.
The ports isolation (,225 dB) bandwidth is 250 MHz
ranging from 2.3 to 2.55 GHz. Figure 9(b) illustrates that
return loss is increasing with enlarging the distance of
stub-x. It is concluded from the results that stub-x plays a sig-
nificant part in tuning ports isolation and return loss.

Fig. 8. Measured radiation patterns of proposed antenna at 2.45 GHz.

Fig. 9. Antenna characters for different values of stub-x. (a) Ports isolation and (b) return loss.

Fig. 10. Antenna characters for different values of slot-L: (a)ports isolation and (b) return loss.
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B) The effect of slot-L
The effect of various dimensions of slot-L on ports isolation
and return loss are shown in Fig. 10. It is clearly seen in
Fig. 10(a) that slot-L of 45 mm has the largest bandwidth of
250 MHz and resonates at 2.33 GHz. However, slot-L of the
other three parameter values has the same bandwidth of
200 MHz and resonates at 2.45 GHz. Figure 10(b) depicts
that the return loss bandwidth with various parameters
covers 2.3–2.6 GHz. The obtained results show that slot-L
has a minor effect on the return loss.

V . C O N C L U S I O N

An E-shaped aperture-coupled patch antenna with dual ports is
designed for handheld RFID readers to enhance sensitivity. It is
low cost and easy to integrate in the RFID devices for its height of
6.8 mm. The proposed antenna presents impedance matching of
around 216 dB and ports isolation of around 230 dB. The mea-
sured 210 dB impedance matching bandwidth and 225 dB
ports isolation bandwidth range from 2.32 to 2.6 GHz and
from 2.3 to 2.55 GHz, respectively.
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