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Abstract— This paper presents a frequency tunable antenna with epsilon negative (ENG)
zeroth order resonator (ZOR) for ultra-high frequency (UHF) near-field radio frequency identi-
fication (RFID) systems. The ENG ZOR unit cell is composed of a toroidal inductor, a metal
pin, a variable capacitor and an additional ground plane. The additional ground and the variable
capacitor affect the shunt right-handed capacitance of the ENG ZOR unit cell. The measured
resonant frequency of the antenna can be swept from 846 MHz to 1039 MHz by changing the
capacitance of the variable capacitor. The measured maximum reading distance is 85 mm at
30 dBm input power. And the minimum input power for successful detecting of the near-field tag
is —12dBm, which is much lower than the conventional UHF near-field RFID reader antennas.
The proposed antenna is suitable for UHF near-field RFID systems.

1. INTRODUCTION

The radio frequency identification (RFID) systems are widely used in tracking and detection objects
in the past decades. Recently, ultra-high frequency (UHF) near-field RFID systems have gained
much attention since they exhibit a better read rate for detecting objects surrounded by metals
and/or liquids in their vicinity, such as drugs, bottles of water, clothes, and retail goods. The
challenge to design a UHF near-field RFID antenna is to generate strong and uniform magnetic
field in its interrogation zone.

Some UHF near-field loop antennas have been reported to generate strong and uniform mag-
netic field. A segmented loop antenna with lumped capacitor has been presented in [1] in order
to generate strong and uniform magnetic field distribution. Some other techniques, such as dis-
tributed capacitor [2,3], dash-line [4-6], dual-printed dipoles [7] and grid array antenna [8], are
used to configure a UHF near-field loop antenna, the currents along the loop antennas are kept in-
phase. Left-handed metamaterials (LHM) can be applied to designing UHF near-field RFID reader
antenna [9]. Recently, zeroth order resonator (ZOR) antenna applications using artificial epsilon
negative (ENG), mu negative (MNG), and double negative (DNG) composite right/left-handed
transmission line (CRLH-TL) have been reported in [10-12]. But the impedance band width of
those antennas are very narrow. So that the band width of the antenna designed using conventional
ZOR technoloty cannot cover the entire UHF RFID frequency band.

In this letter, we present a frequency tunable UHF near-field RFID reader antenna using ENG
ZOR for handheld devices. The ENG ZOR unit cell is composed of a toroidal inductor, a metal pin,
a variable capacitor and an additional ground plane. By changing the capacitance of the variable
capacitor, the shunt capacitance of the ENG ZOR unit cell can be changed, thus the resonant
frequency of the antenna changed. The measured resonant frequency of the antenna can be swept
from 846 MHz to 1039 MHz. And the maximum reading distance is 85 mm at 30 dBm input power.
What’s more, the maximum reading distance can still achieve 9mm at —9dBm input power. The
antenna shows good performance in UHF near-field RFID systems.

2. ANTENNA STRUCTURE AND DESIGN

Figure 1 shows the configuration of the proposed antenna. The antenna is composed of a interdigital
capacitor and an ENG ZOR unit cell. The ENG ZOR unit cell consists of a toroidal inductor, a
metal pin, a variable capacitor and an additional ground plane. The additional ground plane is
connected to the ground plane of the antenna through the variable capacitor. The antenna was
fabricated on an FR4 substrate (e, = 4.7, tand = 0.2, h = 1 mm). Figure 1(c) shows the equivalent
circuit of the antenna. The capacitive effect between the top plane and the ground plane is modeled
as Cg. The toroidal inductor provides the inductances of L. The interdigital capacitor is marked as
Cy. The capacitive effect between the toroidal inductor and the additional ground plane is marked
as C'4. The capacitance of the variable capacitor is marked as C'. The interdigital capacitor Cy is
used to match the antenna to 502 [12]. The parameters of the proposed antenna are as follows:
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Figure 1: Configuraton of the proposed antenna: (a) top view; (b) side view; and (c) equivalent circuit
model.

L =20mm, W = 20mm, L; = 4.5mm, W; = 1.bmm, Lo = 5mm, W = 2mm, L3 = 11.7mm,
W3 = 04mm, Ly = 11mm, Wy = 2mm, Ly = 11.3mm, Lg = Tmm, ¢g; = 0.3mm, go = 1 mm,
C = 1pF.

In order to better understand the performance of the proposed antenna and the effect of the
parameters on the antenna performance, parametric studies are conducted. Only one parameter is
varied at a time while the others are kept unchanged unless indicated.

Figure 2 plots the reflection coefficient of the proposed antenna at different values of Ls. As
can be seen, the resonant frequency of the antenna decreases from 0.98 GHz to 0.86 GHz while the
value of Ly increases from 9.7mm to 12.7mm. With the increasing of Ly, the inductance of the
toroidal inductor L increases, thus the resonant frequency decreases.

The capacitance of the variable capacitor (C') affects the shunt right-handed capacitance of the
ENG ZOR unit cell. The shunt right-handed capacitance increases as C increases, thus the resonant
frequency of the antenna decreases as can be seen from Figure 3. The simulated center frequency
of the antenna can be tuned between 834 MHz to 1046 MHz.

Surface current distribution in the antenna plane is important for near-field analysis. Figure 4
shows the simulated current distribution of the proposed antenna at 904 MHz. It is observed that
the current is in-phase along the toroidal inductor of the antenna. Such current distribution results
in uniform and strong magnetic field distribution. Figure 5 shows a superposition of the simulated
magnetic field distribution at the center frequency for different values of C. The input power is
30dBm in the simulation. As can be observed, the magnetic field shape and strength are kept
nearly constant over the tuning range. This means that the near-field performance of the antenna
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Figure 2: Simulated reflection coefficient of the pro- Figure 3: Simulated reflection coefficient of the pro-
posed antenna for different values of Ls. posed antenna for different values of C.
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Figure 4: Simulated current distribution of the pro- Figure 5: Simulated vertical magnetic field distribu-
posed antenna at 904 MHz. tion of the proposed antenna along Y-axis.

is stable. The magnitude of the magnetic field in the center of the antenna is 35 dBA/m which is
much stronger than the antennas in [5-8].

3. MEASUREMENTS AND RESULTS

The proposed antenna was fabricated and measured with the same dimensions as the simulated
ones. The reflection coefficient (|.S11|) of the fabricated antenna was measured using Agilent E5071C
network analyzer as shown in Figure 6. The measured resonant frequency can be varied from
846 MHz to 1039 MHz, which covers the entire UHF RFID frequency band. The measured results
agree well with the simulated ones. The slight shift of |S11] is believed to be caused by the fabrication
error and the accuracy error of the variable capacitor.

To further verify the near-field performance of the proposed antenna, the antenna was used as
the reader antenna in a UHF near-field RFID system to detect near-field tags. The measurement
configuration is shown in Figure 7. The antenna prototype was connected to the Impinj Speedway
Revolution reader R220, with 30 dBm output power, to detect 25Impinj button type tags (J41,
11 mm in diameter). The tags were positioned on an 80 mm x 80 mm squar foam plate.

Figure 8 shows the measured reading rate of the antenna at different heights. As can be seen,
the maximum reading distance is 85 mm which is about 48 mm higher than the antenna in [7]. And
a 100% reading rate is achieved within the distance of 13 mm. The readable area is about 4 times
larger than the area of the antenna.

Figure 9 shows the maximum reading distance at different input power for successful detecting
of the tag. Because of the minimum out power of the reader is 10dBm, an attenuator was used in
the measurement. It is observed that the tag can be successfully detected while the input power
is larger than —12dBm. And the maximum reading distance can still achieve 9mm at —9dBm
(0.126 mW) input power, which is very low input power. The antenna can be used in low-power
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Figure 6: Simulated and measured reflection coefficient Figure 7: Near-field RFID measurement setup
of the proposed antenna. for the reading rang performance.
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Figure 8: Measured reading rate of the proposed Figure 9: Maximum reading distance of the antenna
antenna at different heights. at different input power.

consumption devices.

4. CONCLUSION

In this paper, a novel frequency tunable antenna with ENG ZOR for UHF near-field RFID systems
is presented. The ENG ZOR unit cell is composed of a toroidal inductor, a metal pin, a variable
capacitor and an additional ground plane. The variable capacitor is used to change the capacitance
of the shunt capacitor of the ENG ZOR unit cell. The proposed antenna was fabricated and
measured. By changing the capacitance of the variable capacitor, the measured resonant frequency
of the antenna can be swept from 846 MHz to 1039 MHz. The measured results show that the
maximum reading distance is 85 mm at 30 dBm input power. And the tag can still be successfully
detected at very low input power. The antenna is suitable for UHF near-field RFID systems.
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