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A Simple Patch Antenna Design with Multiple
Linear Polarizations for RFID Readers

Trang Hoang-Thu , Hung Pham-Duy , Hung Tran-Huy , and Hyun-Chang Park

Abstract—This paper proposed a compact antenna with
multiple linear polarization realization for radio frequency
identification (RFID) operating at ultra-high frequency (UHF)
band. The main radiator is a crossed patch, which is excited
by different feeding positions to adjust the current flowing
on the patch. To minimize the unwanted effect of the biasing
circuit on the antenna radiation performance, the antenna is
excited through a reconfigurable feeding network with one
input and three outputs. By controlling the ON/OFF states
of three PIN diodes integrated into the feeding network, four
different modes including horizontal, vertical, and both diagonal
polarizations can be realized. The final antenna design with
overall dimensions of 0.67λ× 0.67λ× 0.04λ at 915 MHz shows
good matching performance from 910 to 925 MHz. Within this
band, the broadside gain values for all polarization states are
better than 6.2 dBi.

Link to graphical and video abstracts, and to code:
https://latamt.ieeer9.org/index.php/transactions/article/view/10622

Index Terms—RFID Antenna, Ultra-High Frequency, Linear
Polarization, Reconfigurable Antenna, PIN Diode, Crossed Patch
Antenna, Polarization Diversity.

I. INTRODUCTION

ANTENNAS are fundamental components of Radio Fre-
quency Identification (RFID) systems, as they directly

determine how efficiently information is transferred between
the reader and the tag. Their role extends beyond simple trans-
mission and reception; they critically influence the operating
range, reliability, and overall system performance [1]. Since
RFID tags are typically linearly polarized (LP), various anten-
nas with LP realization have been proposed [2]–[6]. However,
polarization mismatch might occur between the randomly
oriented tags and readers. Accordingly, circularly polarized
(CP) antenna is commonly employed to maintain reliable
communication. In [7]–[9], the authors have proposed CP
antenna designs with fixed polarization state, either right-hand
CP (RHCP) or left-hand CP (LHCP). For better performance,
dual-CP antennas are also reported in [10]–[12].

However, the use of CP reader inherently introduces a 3 dB
polarization mismatch loss—corresponding to a 50% reduction
in power transfer between the reader and the commonly LP
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tag. Polarization reconfigurable antennas improve RFID reader
performance by minimizing polarization mismatch, enabling
more reliable tag detection and longer reading range. Their
adaptability enhances multi-tag reading in complex environ-
ments while reducing hardware complexity and overall system
size. In [13], [14], antennas with capable of switching between
CP and LP states are proposed. Nevertheless, such approaches
may still encounter polarization inefficiencies under certain tag
orientations.

To mitigate this loss, multiple-linearly polarized reconfig-
urability has been proposed. Multiple LP reconfigurable an-
tenna can be conveniently produced by using dipole structures
[15], [16] produce four polarization states at a rotation angle
of 45◦. Nonetheless, high profile is the critical drawback of
such antennas. A thorough investigation indicates that very few
antennas have been reported that can switch among multiple
LPs [17]–[19].

Overall, to achieve polarization reconfigurability, the com-
mon method is to attach various PIN diodes into the radiating
element [20]–[24]. However, both diodes and their biasing
circuitry can introduce unwanted radiation that distorts the
antenna’s intended pattern. To address this limitation, an
alternative approach for polarization reconfigurability is to
utilize switchable feeding networks [25]–[29].

This paper presented a simple design of reconfigurable
antenna, whose polarization can be altered among horizontal,
vertical, and both diagonal polarization states. The polarization
switching capability is based on a reconfigurable feeding
network. It is noted that four different LP modes can be
realized by controlling the ON/OFF states of just three PIN
diodes. This simple switching mechanism is much simpler
than the other related works. The proposed antenna shows
good operation characteristics in the frequency range from 900
to 920 MHz.

II. ANTENNA DESIGN

Fig. 1 illustrates the geometrical configuration of the pro-
posed polarization-reconfigurable antenna. The structure is
implemented using two low-cost FR-4 substrates (dielectric
constant 4.4 and loss tangent 0.02). These two substrates are
separated by an air gap layer. Noted that the antenna thickness
significantly influences the achievable operating bandwidth.
In this design, the overall thickness is selected to be ap-
proximately 10 mm in order to obtain the desired operating
bandwidth. The main radiator of crossed-patch radiator is
etched on the top surface of the upper substrate, whereas the
reconfigurable feeding network is printed on the underside of
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Fig. 1. Geometrical configuration of the proposed polarization recon-
figurable antenna.

the lower substrate. Polarization switching among multiple
LPs is achieved through three PIN diodes type MACOM
MADP-042305-130600 integrated into a one-to-three power
divider. These diodes, labeled D-1, D-2, and D-3, share a
common cathode configuration. By selectively activating the
diodes, the crossed patch can be excited at three distinct feed
points, denoted F-1, F-2, and F-3, thereby enabling multiple
LP states with interval of 45◦.

For biasing, four 200-nH inductors are employed, which act
as the RF choke to prevent RF current flowing from the divider
to the biasing circuit. Three 200 pF capacitors are employed
to block the DC current. Therefore, the ON/OFF states of
three PIN diodes can be controlled independently by using two
different voltage sources, V1 and V2. When D-1 is connected
to the V1 source, D-1 is switched ON while the others are
switched OFF. Meanwhile, D-1 and D-2 are activated when
connecting both to V1. Noted that according to the datasheet
[30] the ON state of the diode is equivalent to a resistor of
1.32Ω, while the OFF state is equivalent to a capacitor of 0.15
pF.

The antenna is characterized by using the Ansys High
Frequency Structure Simulator (HFSS) with lumped port ex-
citation. The optimized geometric parameters of the proposed
polarization-reconfigurable antenna are summarized as fol-
lows: Ws = 220, hs = 1.6, ha = 10, lv = 147, lh = 150,
d1 = 28, d2 = 24, w1 = 5.6, w2 = 3.8, w = 45, l1 = 31,
ld1 = ld2 = 80 (unit: mm).

It is worth noting that the horizontal arm connected to D-2
and D-3 through two pins, which are connected in a parallel
configuration. Meanwhile, the vertical arm connected to D-1
through one pin. Thus, the inductance produced by the pins
of when the horizontal arm is excited will be smaller than the
other case. Thus, when the vertical and horizontal arms have
similar length, the resonance of the horizontal arm will be
higher than that of the vertical arm. To make these resonances

identical, the horizontal arm should be slightly longer than
the vertical arm. As the input impedance of the patch changes
from 0-ohm at the center to infinite at the edge. Moving the
feeding position along the resonant length of the patch can
achieve good impedance matching. Meanwhile, the resonant
length of the patch is determined by equations (1) and (2):

εeq =
hs + ha

hs

εFR−4
+

ha

εair

(1)

l =
c

2f
√
εeq

(2)

III. ANTENNA OPERATION CHARACTERISTICS

The polarization switching mechanism of the proposed an-
tenna is achieved by selectively activating the excitation points
F-1, F-2, and F-3 on the crossed patch. The corresponding
polarization states for each diode configuration are summa-
rized in Table I. For instance, when only D-1 is turned ON,
the antenna generates vertical polarization, whereas activating
only D-2 produces horizontal polarization. Similarly, enabling
D-1 and D-2 while disabling D-3 results in a +45◦ linear
polarization, whereas turning ON D-1 and D-3 with D-2 OFF
yields a −45◦ polarization state.

TABLE I
POLARIZATION CORRESPONDING TO THE DIODE STATES

D-1 D-2 D-3 Feeding
positions

Operating
mode

Schematic
(V1 > V2)

OFF ON OFF F-2 Horizontal
pol.

ON OFF OFF F-1 Vertical
pol.

ON ON OFF F-1 and
F-2 +45◦ pol.

ON OFF ON F-1 and
F-3 -45◦ pol.

The simulated reflection coefficient |S11| results for differ-
ent polarization states are depicted in Fig. 2. It can be seen
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Fig. 2. Simulated |S11| for different operating modes.

obviously that there is a slightly different in terms of −10
dB impedance bandwidth of different modes. The common
operating bandwidth, in which the |S11| of all polarization
states are all below −10 dB, is from 900 to 920 MHz.

The simulated broadside gains of such operating modes are
shown in Fig. 3. As seen, the broadside gain values are all
better than 5.8 dBi across the operational bandwidth (905–926
MHz). Maximum gain of 7.2 dBi is achieved at 915 MHz for
diagonal polarization states. Noted that the the realized gain
is considered in the broadside direction, in which φ = 0◦

and θ = 0◦. For vertical and horizontal polarizations, the
maximum gain will be in the broadside direction. In the
diagonal polarization modes, both the vertical and horizontal
arms of the crossed patch are excited simultaneously. Due
to the slight difference in the lengths of these arms, as well
as the small length difference between the feeding branches
associated with F-1 and F-2 (or F-3), a minor phase imbalance
may occur. Consequently, the direction of maximum gain may
be slightly tilted away from the exact broadside direction.

The radiation pattern at 910 MHz for all polarization
states are plotted in Fig. 4. Both co-polarization and cross-
polarization characteristics in the principal E- and H-planes
are evaluated. The results show that the antenna maintains
symmetrical broadside radiation patterns for all polarization
states. The polarization isolation - defined as the gain differ-
ence between the co-polarized and cross-polarized components
in the broadside direction - exceeds 15 dB. In addition, the
front-to-back ratio, valued by the gain contrast between the
forward and backward directions, is also greater than 15 dB.

The polarization behavior of the proposed antenna is further
validated by examining the simulated vector J-field distribu-
tions on the crossed patch at 910 MHz, as illustrated in Fig.
5. The J-field vectors are observed at multiple phase intervals
to capture the polarization orientation over a full excitation
cycle. When a single diode is activated, the J-field exhibits
a consistent linear orientation - horizontal for one excitation
path and vertical for the other - confirming the generation
of the corresponding LP states. In contrast, when two diodes
are turned ON simultaneously, the J-field vectors align along
the diagonal axes of the crossed patch, thereby producing the
+45◦ and −45◦ linear polarization states. These results clearly
demonstrate the antenna’s capability to achieve four distinct
polarization modes through diode-controlled excitation.

Fig. 3. Simulated broadside gain for different operating modes.

Fig. 4. Simulated gain radiation patterns at 915 MHz for different
operating modes.

IV. ANTENNA KEY DESIGN PARAMETERS

A. Divider Optimization

The principle to design the divider with one input and three
outputs can be illustrated by observing Fig. 6. The feeding
network divides one input power into three different outputs
with equal magnitude. The input and output impedances are
Zo = 50Ω. Thus, the impedance of the center point should be
Zc = 50/3 ≈ 17Ω. Finally, to match with the 50Ω input port,
a quarter-wavelength matching component is employed. The
impedance of this matching component is Zm =

√
ZoZc ≈

30Ω.

B. Diode Position

In optimizing the proposed design, the position of the PIN
diodes is crucial, as it directly influences the impedance match-
ing performance. The diode locations are selected carefully,
with the distance from each diode to the central output of the
power divider is denoted as ld1 = ld2 = ld. Consider the case
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(a)

(b)

Fig. 5. Simulated surface current distribution on the crossed patch
for different senses of polarizations. (a) Vertical and horizontal
polarizations, (b) diagonal polarizations.

in which the antenna is configured for vertical polarization
by enabling D-1 while disabling D-2 and D-3. Under this
condition, the branches connected to D-2 and D-3 behave
as open-ended stubs whose input impedance is given by
Zin = −jZ0 cot(βld), where the phase constant is β = 2π/λg

[31]. To minimize the influence of these inactive branches on
the active one, Zin should approach infinity, which occurs
when ld ≈ λg/2.

To illustrate this effect, Fig. 7 presents the reflection coeffi-
cient for the vertical polarization mode under different values
of l2. It is noted that varying l2 alters the electrical distance
between diodes D-2/D-3 and the divider output. The results
show that l2 strongly impacts the matching characteristics,
with l2 = 40 mm providing the optimal impedance match.

Fig. 6. Principle to design the reconfigurable feeding network.

Fig. 7. Simulated |S11| of the vertical polarization mode for different
l2.

Fig. 8. Simulated |S11| of the horizontal polarization mode for
different ld1.

Similar phenomena can be observed for the horizontal polar-
ization mode when changing the position of D-1, ld1. The data
in Fig. 8 indicates that changing ld1 has significant impact
on the matching performance of the horizontal polarization
mode. Here, the optimal values of ld1 and ld2 are 80 mm,
which is approximately half-effective wavelength at 915 MHz
calculated by equation 3.

λe =
c

f
√
εFR−4

(3)
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(a)

(b)

Fig. 9. Simulated and measured |S11| of (a) vertical and horizontal
polarizations, and (b) diagonal polarizations.

V. MEASUREMENT RESULTS

The proposed antenna is fabricated utilizing PCB process.
The antenna is first validated with the Vector Network An-
alyzer and then measured in an anechoic chamber. Overall,
the measured and simulated results are quite similar with a
small discrepancy. It could be attributed to the tolerance in
fabrication and imperfection in measurement setup.

The measured reflection coefficients for all polarization op-
erating modes are shown in Fig. 9. The results indicate that the
proposed antenna achieves good impedance matching under all
reconfigurable states, with an overlapped −10 dB impedance
bandwidth extending from 910 to 925 MHz, confirming the
suitability of the antenna for RFID reader applications.

Within the operating band, the measured broadside realized
gain remains higher than 6.2 dBi for all polarization modes,
as depicted in Fig. 10, demonstrating stable radiation perfor-
mance under polarization switching. The highest measured
gain, approximately 6.9 dBi, is achieved in the dual-orthogonal
LP modes, which can be attributed to the enhanced effective
aperture utilization under this configuration.

The measured radiation patterns at the center frequency of
915 MHz in both the E- and H-planes are illustrated in Fig.
11. It is observed that the antenna exhibits highly symmetric
radiation patterns for all LP modes, with well-defined main
lobes directed toward the broadside. Furthermore, the mea-
sured polarization isolation between orthogonal LP states is

Fig. 10. Measured broadside gain for different operating modes.

Fig. 11. Measured gain radiation patterns at 915 MHz for different
operating modes.

better than 15 dB, indicating good polarization purity. The
front-to-back ratio is also higher than 15 dB for all modes,
which confirms the effective suppression of backward radiation
and indicates good directional performance of the antenna.

VI. PERFORMANCE COMPARISON

Firstly, a performance comparison among RFID reader
antennas is summarized in Table II. It can be observed that
the proposed antenna achieves superior overall performance
by providing multiple polarization states together with high-
gain radiation. Designs reported in [8] and [9] support only a
single CP state, whereas dual-CP operation is realized in [10]
and [11] at the expense of a larger number of switching diodes.
Although the antenna in [17] is capable of generating four LP
states, it employs larger diodes than the proposed design and
still suffers from relatively low realized gain.

Secondly, a performance comparison among polarization-
reconfigurable antennas is presented in Table III to further
demonstrate the advantages of the proposed approach. It can be
observed that achieving multiple LP states using a microstrip
patch configuration is particularly challenging. Although this
can be conveniently realized using dipole-based structures
[15], [16], such designs typically suffer from an excessively
high profile. Among polarization-reconfigurable patch anten-
nas, most reported designs focus on dual CP and single LP
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TABLE II
PERFORMANCE COMPARISON AMONG ANTENNAS FOR RFID APPLICATIONS

Ref. Overall size
(λ)

No. of
diodes

Polarization states BW
(%)

Max. Gain
(dBi)CPs LPs

[8] 0.75× 0.75× 0.11 0 1 0 13.5 8.6
[9] 0.45× 0.45× 0.07 0 1 0 9.0 7.5
[10] N/A 2 2 0 N/A 7.2
[11] N/A 4 2 0 0.2 6.1
[12] 0.27× 0.27× 0.01 1 1 1 2.4 4.1
[17] 0.54× 0.54× 0.04 4 0 4 1.0 2.9

Prop. 0.67× 0.67× 0.04 3 0 4 1.7 7.0

TABLE III
PERFORMANCE COMPARISON AMONG POLARIZATION RECONFIGURABLE PATCH ANTENNAS

Ref. Overall size
(λ)

Diodes
position

No. of
diodes

Polarization states BW
(%)

Max. Gain
(dBi)CPs LPs

[18] 0.56× 0.56× 0.07 Radiator 4 0 4 7.1 5.9
[19] 0.64× 0.64× 0.08 Divider 4 0 4 17.6 6.1
[21] 1.23× 1.23× 0.03 Radiator 4 2 1 1.7 6.2
[23] 1.45× 1.45× 0.07 Radiator 2 2 1 3.2 10.6
[25] 0.56× 0.56× 0.07 Divider 10 2 0 6.4 7.2
[27] 0.36× 0.36× 0.03 Divider 2 2 1 1.2 4.8
[28] 1.30× 1.30× 0.07 Divider 4 2 1 17.8 9.4

Prop. 0.67× 0.67× 0.04 Divider 3 0 4 1.7 7.0

operation. Only a few patch-based implementations capable
of generating four LP states have been reported in [18], [19],
and these require a larger number of switching diodes than the
proposed design.

VII. CONCLUSION

This paper presented a simple reconfigurable antenna
capable of switching among four linear polarization
states—horizontal, vertical, and two diagonals—using a com-
pact feeding network controlled by only three PIN diodes. The
final prototype, with overall dimensions of 220× 220× 11.6
mm3, operates effectively from 900 to 920 MHz, achieving
broadside gains above 5.8 dBi across the band. It also ex-
hibits symmetrical broadside radiation patterns with low cross-
polarization and low back radiation. These results confirm
that the proposed design is well suited for UHF RFID reader
applications.
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