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ABSTRACT This paper proposes dual-band dual linearly-polarized (LP)/circularly-polarized (CP) antennas
using combined metasurface and patch for ultra high frequency (UHF) and 2.45-GHz RF identification
(RFID) readers. A metasurface and two stacked patches are employed for the lower and upper bands,
respectively. The metasurface and patches are incorporated with a common feeding structure which is
composed of two orthogonal microstrip lines and a crossed slot to produce the dual-wideband dual-
LP radiation. To reduce the back radiation and improve the gain, the antenna is backed by a metallic
cavity. Taking advantage of its low-profile structure, the dual-LP antenna is further integrated with a
dual-band branch-line coupler to realize dual-CP radiation. Both proposed antennas yield stable radiation
performances across dual operating bands which completely cover the assigned RFID spectrum at the UHF
(860 − 960 MHz) and 2.45-GHz (2400 − 2500 MHz) bands.

INDEX TERMS Dual-band, dual polarization, metasurface, patch antenna, RF identification (RFID),
backed-cavity, hybrid coupler, multiple-input multiple-output.

I. INTRODUCTION
Radio frequency identification (RFID) is a type of automatic-
identification/data-collection technology that utilizes elec-
tromagnetic (EM) waves to identify any object integrating
with electronic tag (also named RFID tag) [1]. Thanks
to advantages of low-cost, fast reading speed, agility, and
endurance, the RFID has been widely applied to public
transportation, manufacturing companies, logistics, and so
on [2]. The RFID system is generally composed of a
host computer connected to networks, readers, and tags.
The reader transmits a continuous EM wave to activate
the tag. Once powered up, the tag receives commands
from the reader and answers by switching the load of its
antenna. According to the communication distance between
the reader and tag, the RFID is divided into near-field and
far-field systems [1]. Frequency bands of 125−135 kHz and
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13.5 MHz are assigned for the near-field RFID systems,
while ultrahigh frequency (UHF) 433.92/860−960 MHz
and industrial scientific and medical (ISM) 2.45/5.8 GHz
bands are assigned for the far-field RFID systems. In the
recent years, the far-field RFID system has been receiving
much attention due to its features of lower cost, higher data
rate, faster reading/writing speed, and longer communication
range. Among with these attentions, there have been higher
demands raised in designing antennas for far-field RFID
readers.

Different UHF RFID bands are assigned in different
countries. For the universal applications, reader antennas
are designed to fully cover the UHF RFID band of
860−960 MHz [3]. Since the tag are normally linearly
polarized (LP), circularly polarized (CP) antennas have
been preferred for the readers [4], [5], [6], [7], [8].
Several techniques have been presented for a wideband CP
radiation, which, for instant, include stacked patches [4],
corner truncated patch loaded with slits and modified
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ground plane [5], [6], circular slot antenna with L-shaped
strips [7], and sequentially rotated array [8]. Moreover, for
a higher range and a high data transfer rate, integration
UHF (860−960 MHz) and 2.45-GHz bands into one RFID
system has been implemented for various applications.
Therefore, several dual-band antennas have been proposed
for the UHF/ISM 2.45-GHz RFID readers. For handheld
applications, simple structure, compact size, light weight, and
easy realization are required in the designed antennas [9],
[10], [11], [12]. For other applications with non-restricted
area for readers, the antennas are designed for dual wideband,
CP radiation, and high gain [13], [14], [15], [16], [17]. These
dual-band antennas, however, are with single input port only.

To increase the reliability of data transmission, using
RFID multiple-input multiple-output (MIMO) systems has
been investigated mainly through simulations and measure-
ments [18], [19], [20]. A typical RFIDMIMO system requires
multi-port Tx/Rx one-body antenna for its reader. So far,
research papers reporting antennas for the RFID MIMO
readers are rare. In [21], a patch is fed by a branch-line
coupler throughH-shaped slots to provide a dual-CP radiation
at 860−940MHz. For a dual-band dual-sense radiation at the
UHF/ISM RFID bands, a rectangular patch is incorporated
with a dual-band metamaterial branch-line coupler [22]. This
design, however, suffers a narrow bandwidth for 10-dB port-
to-port isolation.

This paper proposes dual-band dual-LP/CP antennas using
combined metasurface and patch for UHF/ISM 2.45-GHz
RFID readers. The proposed design employs metasurface
resonance and fundamental mode of two stacked patches
for the lower and upper bands, respectively. The primary
radiating elements are fed by a common feeding structure that
consists of two orthogonal microstrip lines and a crossed slot
to produce the dual-wideband dual-LP radiation. To mitigate
the back radiation and improve the gain, the crossed slot is
shielded by ametallic cavity. For generating a broadside dual-
CP radiation, the dual-LP antenna is integrated with a dual-
band branch-line coupler. The performances of the proposed
designs are computationally demonstrated by using ANSYS
Electronics Desktop and confirmed by measurements.

II. DUAL-BAND DUAL-LP ANTENNA
A. GEOMETRY
Fig. 1 shows the geometry of dual-band dual-LP antenna.
It is composed of a metasurface, two stacked patches
(Patch 1 and 2), a ground plane (GND), a metallic cavity,
a feeding structure, and three substrates (Subs. 1−3). The
GND is placed on the bottom side of Sub. 1 (Roger RO4003,
εr = 3.38, tanδ = 0.0027, and thickness of 0.8128 mm). The
feeding structure inspired by [23] consists of two orthogonal
microstrip lines (printed on the top side of Sub. 1) and a
crossed slot (etched on GND). Each feed line consists of a
50−� line, a T-junction power divider, and two 100−� lines.
Each microstrip line is coupled with a linear slot for either
vertically- or horizontally-polarized radiation. Accordingly,

FIGURE 1. Geometry of the dual-band dual-LP antenna using combined
metasurface and patch: (a) cross-sectional view, (b) top view of Sub. 1,
(c) top view of Subs. 2 and 3. Its design parameters are as: d1 = 1.9, d2 =

0.8, Lf = 57.2, Wf = 23, Sf = 8, Lm = 6.2, Ls = 37.5, Ws = 4, Lcs = 19.8,
Lb = 4, Wp1 = 45, Wp2 = 26.5, Wm = 36, gm = 0.2, gp = 1.75, ha1 = 14,
ha2 = 8, Hbc = 10, wbc = 110 (units in mm).

the two orthogonal microstrip lines are coupled with the
crossed slot to generate the dual polarization. To avoid
overlap between the feedlines, a bridge is inserted into a
microstrip line to establish a crossover, as illustrated inset of
Fig. 1(b). The crossed slot is backed by the metallic cavity
to mitigate the back radiation, but remain a low profile [24].
The Patch 1 is placed on the top side of Sub. 2 (FR4,
εr = 4.4, tanδ = 0.02, and thickness of 1 mm), while the
metasurface and Patch 2 are built on the top side of Sub. 3
(FR4, εr = 4.4, tanδ = 0.02, and thickness of 1 mm). The
three substrates are separated by two air gaps of ha1 and ha2,
respectively. The antenna is characterized by using ANSYS
Electronics Desktop to achieve a dual-LP radiation at 0.9 and
2.45GHz. Its optimized parameters are listed in the caption of
Fig. 1.

B. METASURFACE RESONANCE
Metasurfaces, which are 2-dimension planar arrays of
uniform or nonuniform sub-wavelength metallic or dielectric

78834 VOLUME 12, 2024



T. N. H. Doan et al.: Dual-Band Dual-LP/CP Antennas Using Combined Metasurface and Patch

FIGURE 2. (a) Surface waves propagating on the metasurface-based
antenna; (b) dipersion diagram of the metasurface and graphical solution
of equation (1) for different numbers of cells.

TABLE 1. Surface-wave resonances of the antenna using metasurface for
different numbers of cells.

atoms, can be used as primary radiating elements in designing
antennas [25]. Broadband characteristics of a metasurface
with a low-profile structure have been exploited in the
metasurface-based antennas, e.g., [26], [27], [28]. The
metasurface with finite size have been properly designed
to generated resonances for the antenna systems. At these
resonances, the metasurface size equals the resonance length
of given surface waves propagating on the metasurface
panel [26], as illustrated in Fig. 2(a). Using the cavity
model [27], the surface wave resonances can be obtained
as:

βSW =
π

Lcav
=

π

N × P
(1)

where βSW is the propagation constant of the certain wave at
the resonance, Lcav is the length of metasurface panel,N is the
number of cells, and P is the periodicity of the metasurface
structure.

To predict the metasurface resonances of the proposed
antenna, the equation (1) is computationally solved by
using Eigenmode of the ANSYS Electronics Desktop. The
dispersion diagram of the metasurface structure is calculated
with linked boundary conditions in the full-wave simulator.
The first eigenmode (TM waves) is calculated and illustrated
in Fig. 2(b). The surface-wave resonances are intersections
between vertical lines for N = 3, 4, 5 and the dispersion
curve, which are listed in Table 1. It is observed that as the
number of cells increased, the surface wave resonance shift
toward the lower frequency.

In order to confirm the results obtained by the cavity
model, a metasurafce-based antenna [as shown in Fig. 3(a)]
is computationally characterized by using the ANSYS

FIGURE 3. (a) Geometry of metasurface-based antenna with slotted feed;
(b) its simulated |S11| values for different numbers of cells (N).

FIGURE 4. Simulated current distributions on the antenna configuration
with 4 × 4-cell metasurface at its resonances when P1 is excited.

Electronics Desktop for different numbers of cells and the
simulated |S11| values are shown in Fig. 3(b). All design
parameters of the metasurface-based antenna are the same as
those of the proposed design given in Fig. 1. From Fig. 3(b),
the antenna yields two resonances in the |S11| curves. As N
increased, the lower resonance hardly changed, whereas the
upper one shifted toward the lower frequency. It can conclude
that the lower resonance is caused by the slot feed, while
the upper resonance is generated by the metasurface. The
metasurface resonances obtained by the full-wave simulator
are also summarized in Table 1 and compared to the cavity
model. The results agreed rather closely and indicate that
metasurface resonances aremainly determined by the number
of cells.

For a further investigation, current distribution on the
antenna configuration with 4 × 4-cell metasurface is cal-
culated at 1010 MHz and given in Fig. 4. The current
distribution confirms that the metasurface mode is TM10.
Also, it is observed that all currents are in-phase, which
indicates a good broadside radiation.
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FIGURE 5. (a) Design evolution of the dual-band dual-LP antenna;
simulated (b) |S11|, (c) peak realized gain, and (d) front-to-back ratio for
different steps.

C. DESIGN EVOLUTION
The proposed dual-band dual-LP antenna is implemented
based on a combination of metasurface and stacked patches.
To illustrate the radiation mechanism, Fig. 5(a) shows its
design evolution. The metasurface-based antenna with 4×4-
cells (Ant. 1) is selected for 0.9-GHz band, while a stacked
patch antenna (Ant. 2) is selected for 2.45-GHz band. Ant.
3 is a combination of metasurface and patch design to obtain
dual-band operation at 0.9 and 2.45 GHz. A backed-cavity is
added to Ant. 3 to create the proposed antenna (Ant. 4). For
demonstration, the design parameters of all configurations are
the same as those of the proposed design, which are listed in
the caption of Fig. 1. All antennas are characterized and their
results are given in Figs. 5(b-d).
From Fig. 5(b), Ant. 1 yields a single band at 0.9 GHz,

while Ant. 2 exhibits an operational band at 2.45 GHz. On the
other hand, Ant. 1 has a resonance around 2.75 GHz which
could be caused by a higher order mode of the metasurface;
Ant. 2 has a resonance around 0.75 GHz which is observably
caused by the cross-slot feed. Ant. 3 is the combination
of metasurface and stacked patches, and therefore, which
achieves a dual-band operation at 0.9 and 2.45 GHz. Since

FIGURE 6. A fabricated prototype of the dual-band dual-LP antenna
(inset: setup for far-field measurements).

the Ants. 1 − 3 employ the aperture coupled feed, they
suffer a drawback of large back radiation, as illustrated in
Figs. 5(c, d). Ants. 1−3 yield low values in terms of gain and
front-to-back ratio, especially, in the lower band. To address
this problem and remain the low profile, the proposed
antenna (Ant. 4) employs a backed cavity [24]. The metallic
cavity is electrically grounded and presents the EM waves
radiated from the crossed slot, and consequently, it makes
the antenna stable and reproducible. As shown in Fig. 5(b),
the presence of cavity shifts the slot resonance toward the
higher frequency, and consequently, Ant. 4 achieves a 10-dB
return loss bandwidth of 0.85−1.09 GHz and 2.4−2.74 GHz.
With the cavity, Ant. 4 achieves significantly higher gain
and front-to-back ratio as compared to other configurations,
as illustrated in Figs. 5(c, d).

D. FABRICATION AND MEASUREMENT
The final design of dual-band dual-LP antenna has been
fabricated and measured. Fig. 6 shows photographs of the
antenna prototype with overall size of 24 × 24 × 3.4 cm3

(0.72λ × 0.72λ × 0.1λ at 0.9 GHz). The feeding structure,
metasurface, and stacked patches are realized using the
standard printed circuit board technology, while the cavity is
made from 0.2-mm copper plates. The components are fasten
together by using plastic posts and screw.

Fig. 7 illustrates simulated and measured S-parameters
of the dual-band dual-LP antenna prototype. The simulation
agrees rather closely with the measurement and both indicate
that the antenna achieves a dual-band operation and high port-
to-port isolation. The measurements result in an impedance
matching bandwidth of 0.86−1.08 GHz and 2.40−2.75 GHz
and an isolation of ≥ 30 and 25 dB for the lower and
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FIGURE 7. Simulated and measured S-parameters of the dual-band
dual-LP antenna prototype.

upper bands, respectively. A minor breach occurs in the
measured reflection coefficients at about 2.6 GHz (about
−8 dB). This breach could be attributed to the realization
tolerances.

Figs. 8 and 9 show the normalized radiation pattern of
the antenna prototype when the P1 and P2 are excited,
respectively. Again, there is a good agreement between the
simulation and measurement. For both bands, the antenna
yields a good dual-polarized radiation with highly symmetric
pattern, low cross-polarization level, and high front-to-back
ratio. At the lower band, for both ports, the measurements
result in a cross-polarization level of < −25 dB, a front-to-
back ratio of> 20 dB, and half-power beamwidths (HPBWs)
of 70◦

± 5◦ in the E− and H−planes. At 2.45 GHz, the
E-plane pattern is split into three slobes, which is attributed
to a side effect of the combination of metasurface and
stacked patch; i.e., there is a higher-order mode resonance
of the metasurface appeared at the upper band [see |S11|
curve of Ant. 1 in Fig. 5(b)]. The split-beam pattern
results in a broad beamwidth which could provide a broad
coverage for the RFID reader. Nevertheless, within the upper
band, the measurements result in a cross-polarization level
of < −25 dB and a front-to-back ratio of > 15 dB.
Fig. 10 illustrates the peak realized gains of the dual-

band dual-LP antenna prototype. The measurements result in
the peak gains of 10.0 and 9.3 dBi at the lower and upper
bands, respectively, which are relative to the simulated values
of 9.2 and 10.1 dBi. Due to the function limitation of the
anechoic chamber, the radiation efficiencies (REs) have not
been measured. Nevertheless, the simulations result in the
peak RE values of 94% and 84% at the lower and upper bands,
respectively.

III. DUAL-BAND DUAL-CP ANTENNA
A. SCHEMATIC MODEL AND ANTENNA GEOMETRY
As mentioned above, besides the dual-band operation in
one structure, CP radiation is also an important aspect of
the RFID reader antenna; i.e., the CP antenna allows RFID
readers to communicate LP tags regardless of arrangement
and polarization-loss reduction, and therefore, which provide
more communication reliability between readers and tags.
As shown in Fig. 11, the traditional method for generating
dual-CP waves is an incorporation of a LP antenna and a
90◦ hybrid coupler [29]. Extending this method, a dual-band
dual-CP antenna is established by combining a dual-band 90◦

FIGURE 8. Normalized radiation pattern of the dual-band dual-LP
antenna prototype when P1 is excited.

hybrid coupler and dual-band dual-LP radiator presented in
the previous section. Key considerations for this combination
are as follows:

1) The operational bandwidth of the coupler should cover
the bandwidth of the dual-band dual-LP antenna.

2) The implementation of the coupler does not increase
the complexity and overall size of the antenna.

The geometry of the dual-band dual-CP antenna is
illustrated in Fig. 12. Its primary radiating elements are
similar to the dual-band dual-LP antenna. Its feeding network
is a two-stage coupler with open stubs, which is printed on
the top side of Sub. 1. The antenna is optimized for the dual-
band dual-CP radiation at 0.9 and 2.45 GHz bands. Referring
to Figs. 1 and 12, its optimized design parameters are as:
d1 = 1.9, d2 = 0.8, Lf = 51.2, Wf = 30, Sf = 7, Lm = 7.2,
Ls = 35, Ws = 4, Lcs = 19, Lb = 3, Wp1 = 45, Wp2 = 26.5,
Wm = 36, gm = 0.2, gp = 1.75, ha1 = 14, ha2 = 8,
Hbc = 10, wbc = 100 (unit: mm).

B. DUAL-BAND HYBRID COUPLER
In the proposed dual-band dual-CP antenna, the dual-band
90◦ coupler is inspired by [30], as shown in Fig. 13. The
feeding structure consists of two-section branch-line coupler
and eight stepped-impedance stubs, which is compensated for
the Roger RO4003 substrate (εr = 3.38, tanδ = 0.0027,
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FIGURE 9. Normalized radiation pattern of the dual-band dual-LP
antenna prototype when P2 is excited.

FIGURE 10. Realized gains of the dual-band dual-LP antenna prototype.

FIGURE 11. Schematic model of dual-CP antenna based on dual-LP
radiating element and 90◦ hybrid coupler.

and thickness of 0.8128 mm). Its performances are mainly
determined by the characteristic impedance and electric
length of branch lines (Z1,4 and θ1,4) and stubs (Z2,3,5,6
and θ2,3,5,6). Following the analysis in [30], the 90◦ hybrid
coupler is optimized for working at 0.9 and 2.45 GHz bands.

The dual-band 90◦ hybrid coupler is computationally
characterized by using the ANSYS Electronics Desktop and
its performances are given in Fig. 14. It is observed that the

FIGURE 12. Geometry of the dual-band dual-CP antenna.

coupler achieves a good performance at the desired bands.
The simulations result in reflection coefficients (e.g., S11)
and isolation (S41) are < −15 dB at 0.86−1.18 GHz and
2.32−2.64 GHz. At these frequency ranges, S21 and S31 have
a nearly equal magnitude (3.5±0.7 dB). S21 and S31 have
a phase difference of 90◦ and −90◦ at the lower and upper
bands, respectively. In contrast, S24 and S34 have a phase
difference of −90◦ and 90◦ at the lower and upper bands,
respectively.

C. FABRICATION AND MEASUREMENT
For verification, the dual-band dual-CP antenna has been
fabricated and measured. Its prototype with overall size of
24 × 24 × 3.4 cm3 (0.72λ × 0.72λ × 0.1λ at 0.9 GHz) is
given in Fig. 15. Two 3.5-mm SMA connectors are employed
as the microstripline-to-coaxial transformers. The measured
and simulated results of the antenna prototype are given in
Figs. 16, 17, 18, and 19 which indicate that the simulations
agreed rather closely with the measurements.

From Fig. 16, the measurements result in an impedance-
matching bandwidth of 0.81−1.17 and 2.30−2.60 GHz for
10-dB return loss and a port-to-port isolation ≥ 10 dB at
0.86−1.10 and 2.33−2.56 GHz. The measurements result

78838 VOLUME 12, 2024



T. N. H. Doan et al.: Dual-Band Dual-LP/CP Antennas Using Combined Metasurface and Patch

FIGURE 13. Transmission-line schematic and microstrip-line
implementation of dual-band hybrid coupler. Its optimized parameters
for 0.9 and 2.45 GHz are as: Z0 = 50 �, Z1 = 29.68 �, θ1 = 81.78◦, Z2 =

136.09 �, θ2 = 34.83◦, Z3 = 24.96 �, θ3 = 40.34◦, Z4 = 80.36 �, θ4 =

89.11◦, Z5 = 119.41 �, θ5 = 42.79◦, Z6 = 18.98 �, θ6 = 46.45◦.

FIGURE 14. Simulated (a) S-parameters and (b) phase differences of the
dual-band hybrid coupler.

in the peak isolation values of 23 and 26 dB for the lower
and upper bands, respectively, which are smaller than the
corresponding simulated values of 30 and 38 dB. This
degradation is due to the imperfect structure of realized
feeding network.

Fig. 17(a) shows the axial ratios of the dual-band dual-
CP antenna prototype. For the both ports, the simulation
and measurement result in axial ratio below 3 dB at
0.83−1.17 and 2.38−2.62 GHz. In addition, the mea-
sured axial ratios are less than 1.5 dB at the UHF and

FIGURE 15. A fabricated prototype of the dual-band dual-CP antenna.

FIGURE 16. Simulated and measured S-parameters of the dual-band
dual-CP antenna prototype.

FIGURE 17. (a) axial ratio and (b) realized gain of the dual-band dual-CP
antenna prototype.

2.45-GHz RFID bands. As shown in Fig. 17(b), the measured
peak gains are 9.5 and 7.0 dBic at the lower and upper
bands, respectively, which are relative to the corresponding
simulated values of 8.9 and 7.3 dBic.

Figs. 18 and 19 illustrate the normalized radiation pattern
of the dual-band dual-CP antenna prototype when P1 and P2
are excited, respectively. The measured patterns are shown
to closely agree with the simulations. Both indicate that the
proposed design achieves a good dual-sense CP radiation at
the dual operation bands. For P1 excitation, the antenna yields
left-hand CP (LHCP) at the lower band and right-hand CP
(RHCP) at the upper band. For P2 excitation, it is RHCP
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TABLE 2. A comparison of the dual-band antennas for UHF/ISM 2.45 GHz RFID readers.

FIGURE 18. Normalized radiation pattern of the dual-band dual-CP
antenna prototype when P1 is excited.

for the lower band and LHCP for the upper band. Similar
to the LP antenna, the higher-order mode of the metasurface
alo affects the dual-CP radiation at the upper band; i.e.,
at 2.45 GHz, the antenna prototype yields a narrow 3-dB AR
beamwidth of∼ 20◦. Moreover, for both bands, the prototype
shows a highly symmetric pattern and a cross-polarization
level ≤ −18 dB at the broadside direction. In the 8 = 0◦

FIGURE 19. Normalized radiation pattern of the dual-band dual-CP
antenna prototype when P2 is excited.

and 8 = 90◦ planes, the HPBWs are 67◦
± 3◦ and 50◦

± 5◦

at 0.9 and 2.45-GHz, respectively.

IV. COMPARISON AND DISCUSSION
Table 2 shows a comprehensive comparison between the
dual-band antennas for UHF/ISM 2.45 GHz RFID readers.
For the handheld RFID readers, the designs in [9], [10], [11],
and [12] have compact-size and lightweight, but suffer a
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low gain which restricts the readable range. The operational
bandwidths of antennas in [13], [14], and [15] do not
completely cover the UHF/ISM-2.45 GHz RFID bands.
As compared with these antennas, our designs yield a wider
bandwdith and higher gain. Although the sequentially rotated
arrays in [16] and [17] achieved dual wideband, high gain,
and dual CP radiation, which are with a single input port,
and consequently, not very preferred for the compact RFID
MIMO systems. The two-port design in [21] operates at the
UHF band only, while the dual-band dual-CP antenna [22]
suffers a narrow band for 10-dB isolation bandwidth. Relative
to [22], the proposed antennas yield a comparable size,
but significantly wider bandwidth, higher gain, and higher
isolation. As a result, the proposed antennas with two input
ports yield dual wideband, high gain, and high port-to-port
isolation. The dual wideband makes the proposed antennas
suitable for a universal UHF/ISM 2.45 GHz RFID reader.
The high gain allows a long communication distance between
the readers and tags. The high port-to-port isolation could
improve the RFID sensitivity.

V. CONCLUSION
We have presented dual-band dual LP/CP antennas for the
UHF and 2.45GHz RFID readers. The antennas employ
a metasurface and two stacked patches as the primary
radiating elements; i.e., the metasurface is for the UHF
band, while the patches are for the 2.45 GHz band. The
radiating elements are fed by a feeding structure composed
of two orthogonal microstrip lines and a crossed slot to
produce the dual-band dual-LP radiation. For reducing the
back radiation from the cross slot, the antenna is backed
by a metallic cavity. In order to generate the dual-band
dual-CP radiation, the dual-LP antenna is incorporated
with a dual-band branch-line hybrid coupler. The fabricated
antenna prototypes not only achieve impedance and 3-dB AR
bandwidths completely covering the UHF (860 − 960 MHz)
and ISM-2.45 GHz (2400 − 2500 MHz) bands but also
yield good broadside radiation with stable pattern, high
gain, low cross polarization, and high front-to-back ratio.
In addition, both LP/CP designs yield high port-to-port
isolation. These advantages make the proposed antennas to
be a good candidate for dual-band RFID MIMO systems.
Moreover, with the features of low profile, dual wideband,
high isolation, and high efficiency, the proposed dual-LP
antenna can be widely applied to next-generation mobile
communication systems.
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