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Analysis of Dualport Reader Antenna for UHF RFID Near-Field
and Far-Field Applications
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Abstract—A dual-port reader antenna based on magnetic coupling in near-field (NF) and linear
polarization in far-field (FF) is proposed for UHF RFID multiservice applications. The prototype
consists of four straight dipoles fed by double-side parallel stripline structure with two feed ports. The
proposed antenna can operate at different modes by feeding each corresponding port. In NF mode,
a strong and uniform magnetic field can be generated over the interrogation zone. In FF mode, a
linearly polarized performance can be obtained. The antenna prototype is printed onto a piece of FR4
substrate with an overall size of 180× 180× 1.6 mm3. The measured tests on reading range are carried
out, and the results exhibit 100% reading rate for near-field tags within 100 mm and reading distance
of far-field tags is 120 cm. Both simulated and measured results show good capability for near- and
far-field applications.

1. INTRODUCTION

Radio frequency identification (RFID) technology has been widely adopted in a variety of applications
such as contact-less payment, metro tickets, supply chain management, and tracking items [1, 2] over the
years. Near- or far-field operation is used reliant on the tag and application characteristics. Near-field
reading can be useful for objects surrounded by metals and liquids in their vicinity [3], and far-field
communication is commonly used to achieve long read range. For this reason, there is significant
research interest in developing special antenna with different modes that can be used in near- and far-
field applications separately. In near-field region of the antenna, the radius is usually below 2D2/λ (D is
the maximum size of antenna and λ is the wavelength). When the distance between the antenna and tag
is increased, far-field of the antenna is the main function. Recent literature has investigated antennas
with strong magnetic, inductive coupling for near-field applications. Reference [4] gives a method to
obtain strong magnetic on a flexible plastic substrate. In [5], a zero-phase-shift-line (ZPSL) antenna
is proposed for near-field tags. Also, complementary split ring resonator (CSRR) elements loading
structure is adopted to generate strong magnetic field [6]. The antennas of [4–7] can be applied well in
near-field application but not suitable for detecting far-field tags for low boresight gain. In inventory
tracking and pharmaceutical industry, both near-field tags and far-field tags are employed [8]. Hence, a
special antenna having multiple radiation properties separately for NFC and far-field communications
is significant. The antennas in [9, 10] are proposed for RFID readers for near- and far-field operations,
but the near- and far-field operations are either in different directions or in different frequency ranges.
Reference [12] presents a multiband compact microstrip antenna including a segmented loop and a
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meander line structure for portable wireless applications. In [14], varactor diodes are employed to
modify radiation properties; they also introduce the complexity or nonuniform field distribution. In
addition, [15] proposes a modular antenna with a spiral-shaped structure, to generate electric field
instead of magnetic field for near-field applications. It is easily affected by liquids or metals in near field.
Although slot edge [11] and circular-polarized antenna [13] are designed regardless of tag orientations,
they bring problems of nonuniform and weak magnetic field and also achieve short read distance for
far-field tags because electric vectors exist in all orientations.

In this paper, we present a novel antenna with dual modes separately working in UHF RFID near-
field and far-field applications. The antenna exhibits a unique feature of changing the feed positions to
switch the working mode for RFID multi-applications. In magnetic coupling mode, strong and uniform
magnetic field distributions are obtained close to the antenna, in order to avoid the effects of liquids or
metals. In far-field mode, the proposed antenna exhibits linear polarization for far-field tags. Measured
performance in terms of reflection coefficient and tag detection is presented as follows.

2. ANTENNA LAYOUT AND PERFORMANCE

Antenna layout: Fig. 1 shows the configuration of the proposed dual-mode antenna. The antenna is
composed of 4 straight dipoles fed by a quarter-wave double-side parallel stripline (QDSPSL) structure,
printed on a 1.6 mm-thick FR-4 substrate with a dielectric constant of 4.4 and loss tangent of 0.02
(Fig. 1(a)). As seen, two feed ports (A and B) are fabricated on the proposed antenna. A 20 Ω resistance
is adopted in port B to achieve good impedance matching. A double-side parallel stripline (QDSPSL)
based on impedance transformers is introduced to match the input impedance (= 50Ω) and also avoid
radiation influence caused by itself for magnetic field on upper and lower surface counteracting. Feed
arm lengths include two different parameters, one of which is set as λ/4 wavelength (G2 = 48 mm) and
the other (G1) is to achieve better impedance matching and obtain large reading region for near-field
tags.

Performance: Current distributions of this dual-mode antenna are shown in Fig. 2. As seen, when
port A (port 1) is fed and port B (port 2) terminated on 50 Ω load, the current on four dipoles is kept in
phase. Such a current distribution generates strong and uniform magnetic field over the interrogation
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Figure 1. Antenna prototype. Main geometrical parameters are: L = W = 180 mm, L1 = 105 mm,
W1 = 3.5 mm, G1 = 28 mm, G2 = 48 mm, W2 = 3.2 mm, L2 = 43 mm, R1 = 5 mm, R2 = 3.5 mm,
R3 = 8 mm and R4 = 10 mm. (a) Top view. (b) Bottom view.



Progress In Electromagnetics Research M, Vol. 72, 2018 33

(a) (b)

Figure 2. Antenna currents distribution. (a) Current distribution when port 1 is active. (b) Current
distribution when port 2 is active.

zone formed by four dipoles (Fig. 2(a)). When port B (port 2) is active and the other port terminated
on 50 Ω load, far field of the antenna can be horizontally polarized. As seen in Fig. 2(b), currents on
two horizontal dipoles are along the same direction for phase delay of currents on two horizontal dipoles
caused by path differences. The direction of co-polarization is along X-axis, while electric field strength
caused by vertical dipoles above the antenna is lowered for opposite directed currents (ODC). So far
field of the antenna is linearly polarized along X-axis.

3-D radiation patterns of the proposed dual-mode antenna are shown in Fig. 3. As shown, in NF
mode (Fig. 3(a)), the magnetic field can be generated along Z-axis, and boresight gain of antenna is
also lowered for ODC (opposite directed currents). When the antenna works in FF-mode, the gain of
−3.3 dB is exhibited (Fig. 3(b)).

(a) (b)

Figure 3. 3-D radiation patterns of the antenna. (a) Port 1 is active. (b) Port 2 is active.

To achieve good impedance matching when port 2 is active, the 20 Ω resistance is adopted. Fig. 4(a)
gives the reflection coefficients for different values of resistance. As shown, the impedance bandwidth
shifts down as the value of resistance gets large. However, the value of gain will be lowered for energy
consumption as the value of resistance increases in Fig. 4(b). Port isolation is exhibited in Fig. 4(c).
When the value of resistance becomes larger, the isolation between two ports gets better. When the
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Figure 4. Antenna performance for different values of resistance when port 2 is active. (a) S(2, 2). (b)
Gain. (c) S(1, 2).

value of resistance is set to 60 Ω, the isolation is better than 20 dB within 800–850 MHz. To achieve
long read distance for far-field tags and better isolation, the value of resistance is set 20 Ω.

Figure 5 exhibits the Co-pol and X-pol gains separately in XOZ and Y OZ planes. In Figs. 5(a)
and 5(b), the Co-pol gain is about −3 dB for currents on two horizontal dipoles both along the same
direction, and the direction of co-polarization is along X-axis. Meanwhile, currents on vertical dipoles
are in opposite directions which makes electric field strength caused by vertical dipoles above the antenna
lowered. Hence, value of X-pol gain is lowered, and cross-polarization is low.

Input impedances for two ports Z(1, 1) and Z(2, 2) are also given in Fig. 6. As seen in Fig. 6(a),
for port 1, the resonant frequency is at 850 MHz. The real part is 50 Ω, and the imaginary part is
0j Ω. In Fig. 6(b), comparison of Z(2, 2) with and without resistance is given. As the resistance is
loaded, the variation of input impedance changes slowly, and the real part increases from 30 Ω to 60 Ω
within 0.8–1.0 GHz. The imaginary part changes from 5j Ω to 0j Ω, which broadens the bandwidth
obviously. When there is no resistance adopted, the variation of input impedance changes fast, and the
bandwidth shifts upwards. Also, the bandwidth is narrow for drastic variation of real and imaginary
part of impedance with 0.8–1.0 GHz.

Figure 7 gives the simulated magnetic field strength (|Hz|, dBA/m) at the height of 20 mm
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Figure 5. Co-pol Gain and X-pol separately in XOZ plane and Y OZ plane at 920 MHz when port 2
is active. (a) XOZ plane. (b) Y OZ plane.
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Figure 6. Input impedance for two ports. (a) Z(1, 1), (b) Z(2, 2).

respectively along X- and Y -axes above the antenna when port 1 is active. Field strength is up to
−5 dBA/m at the height of 20 mm, and the strong magnetic field can be generated close to the antenna
(input power is 1W). The variation of magnetic field is also below 1dBA/m in the interrogation zone
(20mm < X < 140 mm, 20mm < Y < 140 mm), which indicates the uniform magnetic field.

When one port is measured, the other port is terminated on 50 Ω load. The RFID reader antenna
can work at near- and far-field operations within 820–880 MHz as reflection coefficients are below −10 dB.
As seen in Fig. 8(a), in near-field mode (port 1 is fed), reflection coefficients are below −10 dB within
820–880 MHz. When the antenna works in far-field mode (port 2 is fed), reflection coefficients are below
−10 dB within 800–1000 MHz in Fig. 8(b). The isolation between two ports better than 16 dB within
820–880 MHz is measured in Fig. 9.

Figure 10 gives the magnetic field distribution of interrogation zone (140×140 mm2) at Z = 50 mm,



36 Jin et al.

0 20 40 60 80 100 120 140 160

-15

-10

-5

|H
z|

 (
d

B
A

/m
)

X/Y-axis (mm)

 X-axis

 Y-axis

Figure 7. Magnetic field |Hz|, dBA/m, along X and Y -axis at Z = 20 mm when port 1 is active.
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Figure 8. Measured and simulated reflection coefficients of the antenna. (a) S(1, 1). (b) S(2, 2).

100 mm, 150 mm in magnetic coupling mode when the input power is set to 1W. By increasing the height
of zone from antenna surface, strength of magnetic field is lowered. When the height is at 50 mm and
100 mm, the magnetic field is strong to identify all tags in the region. Even when the height is at
150 mm, the magnetic field strength is still strong and above −23 dBA/m.

To evaluate the performance in a real scenario, the proposed antenna is integrated into a commercial
desktop reader, and read range tests are carried out. Measurement system is set up in Fig. 11. In this
test, the near-field button tag (J41) and far-field tag (Alien A9662 dipole-like) are chosen respectively.
The J41 tag is a commercial Monza 4 microchip tag using a 6-mm-radius (out radius) loop antenna.
The read sensitivity of the chip is 17.4 dBm. Identifying the tag J41 requires the component of the
magnetic field (normal to the surface of the antenna) to be at least −24 dBA/m. The input power of
reader is set to 25 dBm.

Interrogation zone (140 × 140 mm2) is subdivided into 7 × 7 cells for NF tags, and 270 × 270 mm2

of region is tested for far-field tags. Detection tests are repeated in each cell by varying the distance of
the tag from antenna surface. In Fig. 12, the detection test is shown at different heights. By observing
undetected and detected tags, the 100% read rate is up to 100 mm for 7 × 7 NF tags (Fig. 12(a)). The
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Figure 9. Measured S(1, 2) of the antenna between two ports.
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Figure 10. Simulated |Hz| distribution at Z = 50 mm; 100 m; 150 mm when port 1 is fed.
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Figure 11. Measurement on read range for near-field and far-field tags.
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Figure 12. Tag detection test for NF and FF tag, by varying distance, position with respect to antenna
surface. Input power has been set to 25 dBm. (a) Detection of near-field tags. (b) Detection of far-field
tags along X-axis.
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maximum read distance for near-field tag is about 150 mm. When port 2 is fed, the antenna works in
far-field mode. Far-field tags are tested along X-axis (Fig. 12(b)), and 9 × 3 far-field tags are adopted.
The read distance is up to 120 cm. The proposed antenna shows good capability for near- and far-field
tag readings.

3. CONCLUSION

In this paper, a novel antenna with dual-port for near/far-field RFID applications is presented. Far-field
radiation for linear polarization and near-field operation based on magnetic field coupling are separately
obtained by feeding each corresponding port. The proposed antenna shows good capability for near-
and far-field tag readings. Design of changing the feed positions to switch the working modes of the
antenna for multi-applications also has a good prospect in projects.
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