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A novel antenna used in the near field of a 0.92 GHz and the far field of a 2.45 GHz RFID reader system is investigated. The
new antenna achieves strong magnetic field distribution over 0.92 GHz with good performance of detecting tags when applied
in FCC RFID systems, as well as a good performance of circular polarization at 2.45 GHz. Furthermore, the investigation shows the
operation principle by circuit models and the advantages of the structure in terms of the operation frequency and field performances.
The advantages of these two bands could be achieved by this novel RFID reader antenna.

1. Introduction

Radio frequency identification (RFID), which was developed
around World War II, is a technology that provides wireless
identification and tracking capability [1, 2]. Reader antennas
are an important unit of RFID systems. Reader antennas can
be classified into two classes by reading range for different
application purposes: near-field (NF) antenna and far-field
(FF) antenna. Operation frequencies of reader antennas
include 125KHz, 13.56 MHz, 433.92 MHz, UHF (ultrahigh
frequency) 0.92GHz, 2.45GHz, and 5.8 GHz. Currently,
0.92 GHz and 2.45 GHz are more attractive because of their
good performances of data speed and antienvironment jam
ability [3-6].

Ultrahigh frequency (UHF) near-field RFID technology
received a lot of attention due to its good performances
in item-level RFID applications such as sensitive products
tracking, pharmaceutical logistics, transport and medical
products (blood, medicines, and vaccines), and biosensing
applications [7-13]. The primary concern of UHF near-field
RFID is to make the RFID system working in a short distance
as reliable as that of the LF/HF near-field RFID. Inductive
coupling systems are preferred in most applications of near-
field UHF RFID, because most of the reactive energy is stored
in the magnetic field. Magnetic coupling is stable in terms of
the impact of liquid or metal. In contrast, capacitive coupling

is the opposite because the energy is severely affected by high
permittivity materials.

In the 2.45 GHz band, far-field circularly polarized RFID
antennas receive more attention because of the high data
speed and long identification distance. Because of these inter-
rogation characters, energy transmission speed and efficiency
are very important and have been studied a lot recently
[14-18]. In far-field RFID systems, the RFID tags are always
located in large range applications and the tags are normally
single or dual linearly polarized (LP), and thus circularly
polarized (CP) reader antennas are suitable for ensuring the
stability of communications between readers and tags. More-
over, under most practical circumstances, other requirements
for the reader antenna should be under consideration, such
as structure sizes, acceptable gains, impedance bandwidths,
multibands, and axial ratio (AR) bandwidths.

As advantages of these two standards, it is essential
to integrate these two standards into one system. In this
situation, a reader antenna covering 0.92 GHz near field and
2.45 GHz far field is a good design, which avoids using two
single-band antennas. One challenge in RFID applications
is to design such an antenna because the operation mode
and frequency differences between 2.45 GHz far field and
0.92 GHz near field are too large to operate properly for
dual-band structures [4-6]. Even though many dual-band
RFID reader antennas are proposed, there are very few
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FIGURE 1: Model and structure of the proposed antenna: (a) 3D view, (b) side view, (c) top transparent view of the middle layer, and (d) bottom

view of the circularly polarized antenna.

antennas that could fulfill this design goal. Most of the
dual-band antennas are applied for far-field operation mode
whereas most of the dual mode antennas are operated at the
same frequency [19-21]. In [21], the dual-band 0.92/2.45 GHz
unidirectional CP antenna is presented employing multiloops
and a complex power splitter, but the operation modes of
these two frequencies are all far field. In [22], the antenna can
be operated in both near-field and far-field modes at a UHF
band. However, these two operation modes share the same
frequency, so that the total power is split into two components
and then the efficiency of each mode will be decreased. There
are also some papers that focus on the study of dual-band
antennas [23, 24].

In this paper, a compact 0.92GHz near-field and
2.45 GHz far-field dual-band antenna is proposed to generate
strong magnetic field and circularly polarized wave, respec-
tively. The two operation modes of the antenna are operated
at different frequencies; the two modes work at different
frequencies, so the efficiency of the two modes is high. But in
[22], the two modes of operation work at the same frequency;,
so the energy is divided and the efficiency is reduced. The
difficulty of this design is whether the feed network can
establish high isolation between the two operation modes.
Finally, the designing goal is achieved by the proposed
antenna which is also investigated in detail. The methodology
to complete impedance matching is addressed with the theory
analysis. The structure, theory, and the performances of the
antenna are analyzed in detail as follows.

This paper is organized as follows. Structure and model-
ing of the antenna will be introduced in Section 2. In Sec-
tion 3, analysis and discussions are carried out to investigate
the operation principle of the antenna and impedance match-
ing theory. In Section 4, the performances of the antenna will
be studied and analyzed. In the last part, conclusion will be
given.

2. Modeling and Structure

The structure of the antenna is shown in Figure 1(a), which
is composed of four layers which are FR4 layer 1, composite
PTFE layer 2 and layer 3, and composite dielectric board layer
4. From the top layer to the bottom layer, these four layers are
marked by numbers which are 1, 2, 3, and 4 in Figure 1(b).
Layer 1 is mainly composed of two half-rectangle loops which
have two folded straight terminals. Layer 2 and layer 3 are
strip line feed network with lead printed onto the interface of
the two, respectively. Fed at the edge of the bottom layer, 50-
ohm strip transmission line is connected with one circularly
polarized antenna and then split into two branches. The two
branches are connected to two metal columns in another end.
The other end of each column is connected to one metal half-
rectangle loop strip. There is one load on each half-rectangle
loop in Figure 1(a). Layer 1 and layer 2 are connected by two
metal columns. A rectangle single feed circularly polarized
antenna (layer 4) is fed by the main strip line and connected to
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layer 3. The material of the circularly polarized antenna part
is composite dielectric with low loss tangent.

Top layer 1 is the near-field antenna, and layer 2 and layer
3 are the feed network. Figure 1(b) shows the side view of the
antenna. The circularly polarized antenna is located under
layer 3. All of the sizes are marked in Figure 1(b), where
height and square of the antenna is h, and I,, respectively.
Thicknesses of FR4 PCB board and circularly polarized
antenna are denoted by A, h,, and h;, respectively. The gap
between layer 1 and layer 2 is h,. In Figure 1(c), top view and
transparent view of the feed network are shown, where all of
the sizes are marked. The widths of 50-ohm transmission line
and two branches are marked by W, and W,, respectively.
The sizes of the loop are marked by [,, I;, and I,. Layer 4 is
a circularly polarized antenna, and the edge lengths of the
substrate and patch are marked by [, and I;, respectively.

3. Analysis and Discussion

The operation energies of the antenna include two parts
which are 0.92 GHz near field and 2.45 GHz circularly polar-
ized far field. In order to obtain good performances of the
two modes, one challenge for designing the antenna is to
establish high isolation between the near-field mode and the
far-field mode, that is, less energy input to another mode at
the operation frequency of one mode. The operation principle
of the two modes and the theory analysis of the isolation
technology are provided below.

The two half-rectangle loops of Figure 1(c) are a near-field
antenna, which generate a strong magnetic field at 0.92 GHz.
Two half loops are fed by one simple power splitter. The
length of metal loops and the input impedance of the near-
field antenna could be estimated based on resonant theory. If
resonant frequency is determined, the total electric length of
the metal column, half-rectangle loop, and folded terminal

(RiR, - X,X;) + j (X,R, + X,R;) [RIR, + RyR] + X3R, + XiR, + j(X,R} + X, R} + X3X, + X, X7 )]

should match the resonant frequency. The rectangle half
loop’s mirror image function on the ground plane of the feed
network needs to be considered. Metal columns should be
long enough because the current mirror image is reversed and
then will cancel out a part of the magnetic field. But if the
metal column is too long, the current of the rectangle loop
and magnetic field will be weak because the strong current
section should be distributed on the columns. The effect of
mirror image is discussed in [7]. Phase and magnitude of
the current on both rectangle half loops are symmetrical so
that the magnetic field can be strengthened simultaneously
by the two branches of layer 1. Terminal stubs I, are useful for
enhancing the current strength of the rectangle loops because
the current of an open terminal is very weak. The rectangle
circularly polarized antenna in layer 4 is a single feed antenna
which operates at 2.45 GHz. The antenna is also fed by
the same feed network which is composed of layer 2 and
layer 3.

It is very important to design a feed network with appro-
priate feed points for these two operation modes, because
the feed network structure brings about a huge influence on
the efficiency of each radiation mode. The parallel circuit is
composed of these two radiation parts which are near-field
antenna and circularly polarized antenna. Figure 2 shows the
equivalent circuit diagram which includes transmission lines
and antennas. The resistance values and reactance properties
are different at different frequencies.

In Figure 2, the equivalent circuits of two operation
modes are marked. Input impedance of the circularly polar-
ized antenna section and the near-field antenna section is
replaced by R, + X, * jand R, + X, * j, respectively. The input
impedance of each antenna is not 50 ohms when the arbitrary
frequency is different from its operation frequency. These two
antenna sections form a parallel circuit and influence each
other. The input impedance at each frequency is shown as

Z. =
" Ry + Ry +j (X, + X,)

where Z,, is the port input impedance of the feed network
in Figure 1(a). The antenna is composed of two parts. In (1),
it is clear that the impedance of the feed point is influenced
by these two antenna parts simultaneously at any frequency.
In the general case, each part is fed by the input power at
an arbitrary frequency. But it is a good design that most
of the input energy is supplied to the part operating at its
best resonant frequency, whereas less power is supplied to
another part. In (1), resonance could be achieved when the
imaginary part is equal to zero. Preferably, in case one part is
operated at the resonant frequency, another partis operated at
high impedance state because of the huge resonant frequency
difference between these two parts. The operation states
of these two parts have good performances by parameter
optimization. The performances of antennas are analyzed in
the next section in detail.

) 1
(R1+R2)2+(X2+X1)2 W

4. The Performances of the Antenna

The total height of this antenna is 25 mm, whereas the gap
between layer 1 and layer 2 is h, = 15 mm. A mirror effect of
the near-field antenna exists on the ground plane of layer 2. If
h, is decreased, the mirror effect of the near-field antenna will
be increased significantly, and vice versa. So h, brings about
a huge effect on the magnetic field strength of the near-field
antenna. Actually, h; = 15mm is a very good choice in the
design of near-field antennas. Other optimized parameters
are shown as follows: i, =25 mm, /, =71.6 mm, h, =2 mm, h,
=2mm, h; =4 mm, W, =42mm, W, = 0.5mm, R, =10 mm,
I, =30.55mm, [, = 51.6 mm, /; = 25.8 mm, [, = 22mm, [, =
24.5mm, [; = 18.5mm, d, = 6.55mm, and d, = 2.95mm. In
the condition of these parameters, two parts of the antenna
can operate well at two frequencies.
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FIGURE 2: Equivalent feed network circuit of the two-antenna mode.
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FIGURE 3: Photo of the antenna: (a) front view and (b) back view.

A photo of the proposed antenna is shown in Figure 3.
Figure 3(a) shows the front view of the antenna while
Figure 3(b) shows the back view. Permittivity of the FR4,
composite PTFE, and composite dielectric board is 4.4, 4.5,
and 9.6, respectively. Loss tangent of the FR4, composite
PTFE, and composite dielectric board is 0.02, 0.002, and
0.001, respectively. In the actual antenna structure, layer 1and
layer 2 are fixed by two nylon columns in order to make the
antenna more stable. The permittivity of the columns is only
3.7 and far away from the conductors, so the columns almost
bring about no effect on the performances of the antenna. The
performances of the antenna are shown below.

4.1. S11 Performance. This novel antenna could be operated
at two bands. SI1 performances of the two bands are shown
in Figure 4. The —10 dB bandwidth is also marked in Fig-
ure 4. In Figure 4, the comparison between measurement
results and simulated ones shows that these two results
agree well with each other. It is clear that the antenna
could be operated well at two bands. Input impedance
character of the antenna is suitable for the application of two
bands.

4.2. Radiation Performances. In Figure 5(a), the radiation
pattern of 2.45GHz is shown. The gain of the circularly
polarized antenna is about 4.5dBi. The front of the near-
field antenna is facing positive z-axis direction. The circularly
polarized antenna is located on the opposite side of the
near-field antenna, so the expected radiation direction is

negative z-axis orientation. Additionally, the 26 MHz axial
ratio performances can be obtained in Figure 5(b). In Fig-
ure 5(a), the measured shape of the radiation pattern agrees
well with the simulation one. It is proved that the antenna
has good performances of far field. In the next section, the
z-orientation magnetic field is concentrated and uniform
around the central region of the antenna. The antenna also
has good performances for near-field applications.

4.3. Near-Field Performances. The current distribution is
shifted between different phases in Figure 6. In contrast to
the conventional travelling wave antenna, the current on the
loop follows a standing-wave distribution. Magnetic field in
the central region will be weak if the current distribution is
out of phase. In Figure 6, the current is in phase because of the
small electrical length. For the phases 0of45°, 90°, and 135°, the
current is very strong such that the z-orientation magnetic
field is strong synchronously. This conclusion is verified by
the comparison between Figures 6 and 7.

Figure 7 shows that the magnetic field is even and
centralized in the central region of the antenna for different
phases (0°, 45°, 90°, and 135°). Moreover, as a result of the
folded terminal, the average current is enhanced on the outer
loop and strong magnetic field intensity is obtained. Figure 8
shows the magnetic field distribution for different z. Figure 8
focuses on the magnetic field intensity attenuation along the
scale of the z-axis.

Compared with other antennas, it is found that the
z-orientation magnetic field of the new antenna is much
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FIGURE 4: The S11 performances of the antenna at UHF and S band. —10 dB bandwidth of measurement results is marked in two pictures: (a)
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FIGURE 5: Radiation performances of the antenna at 2.45 GHz: (a) gain pattern and (b) axial ratio of the antenna.

stronger. For example, referring to Figure 8, the central region
magnetic field of the new antenna is significantly stronger
than that of the proposed antenna in [10] for the same z. At
z = lcm, our antenna generates a magnetic field intensity
of 52dBA/m, whereas the antenna in [11] generates only
—-5dBA/m. Taking Figure 7 as a reference, the magnetic
field in the central region of the antenna is also stronger
than that of another broadband antenna proposed in [12].
This shows that the magnetic field intensity of the antenna
n [12] is lower than —10 dBA/m at z = 0.5 mm, whereas
that of our antenna is greater than 0 dBA/m even at z =
Icm. Actually, the magnetic field of the proposed antenna

is stronger than most of the UHF near-field antennas [7-
13].

4.4. Reading Range Performance. To further verify the near-
field performance of the novel antenna, the prototype is used
as the reader antenna in a UHF near-field RFID system
to detect UHF near-field tags. The measurement system is
shown in Figure 9. The proposed antenna is connected to
the reader operating at FCC band with 30 dBm output to
detect the tag. In Figure 9, the tag is positioned on an
80 mm * 80 mm foam board marked by 1cm x 1cm grids.
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FIGURE 6: Current distribution on a metal strip at different phases: (a) 0 degrees, (b) 45 degrees, (c) 90 degrees, and (d) 135 degrees.

The data of the correctly detected tag on each intersection of
grids were recorded when the top surface of a foam board was
fixed at different z.

This paper adopts one annular Impinj J41 tag, which
could be activated when the magnetic field intensity of the
command signal is stronger than —13 dBA/m. But the tag will
be easier activated and quicker read if the magnetic intensity
is stronger.

The measurement results for the reading range are
presented in Figure 10. By comparison between Figures
10 and 7, it could be seen that, at each z, the reading
ranges have an approximate agreement with the magnetic
field distribution. The reading distance of the antenna is
much longer than most of the RFID near-field anten-
nas.

5. Conclusion

Because of different operation modes and frequencies, it
is a challenge to design a UHF near-field RFID antenna
with far-field circularly polarized radiation at 2.45 GHz. The

applications of the antenna with two operation modes are
useful for reduction of the multifunctioned RFID system. The
new proposed antenna has demonstrated the capability of
producing a strong magnetic field in the near-field region of
the antenna with good circularly polarized far-field perfor-
mances at 2.45 GHz, which is very promising for 920 MHz
near-field and 2.45 GHz far-field RFID systems.

Thus, the investigation also has shown that the two
operation modes all bring about a strong effect on the input
impedance of the antenna. Mutual effects of the near-field and
far-field antennas play an important role in the performance
of efficiency due to the isolation between the two modes.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This work was supported in part by the National Natural
Science Foundation of China (no. 61601373), Natural Science



International Journal of Antennas and Propagation

[H (dBA/m)] [H (dBA/m)]

1.3000e + 001 1.3000e + 001

6.5000e + 000 6.5000e + 000
0.0000e + 000 0.0000e + 000
—6.5000e + 000 —6.5000e + 000
—1.3000e + 001 —1.3000e + 001
—1.9500e + 001 —1.9500e + 001

—=2.6000e + 001 —2.6000e + 001

[H (dBA/m)] [H (dBA/m)]

1.3000e + 001 1.3000e + 001

6.5000¢ + 000 6.5000e + 000
0.0000e + 000 0.0000e + 000
—6.5000e + 000 —6.5000¢e + 000
—1.3000e + 001 —1.3000e + 001
—1.9500e + 001 —1.9500e + 001

—-2.6000e + 001 —2.6000e + 001

3cm 4cm

FIGURE 7: Simulated z-orientation magnetic field distribution at different z. The edge length of the reference plane is also 80 mm.

104

£

= 5

=

g o0

=

5

& =54

Q

w

5 -10 -

=

0

§—15-

3 20 4

O

3 T
=25 T T T T 1

0 2 4 6 8 10

Distance above the antenna surface (cm)

—m— z-orientation magnetic field

FIGURE 8: Simulated magnetic field intensity of the antennas along the z-axis.



8 International Journal of Antennas and Propagation

FIGURE 9: Configuration of the measurement scenario: reader antenna and reader which are connected with a computer.
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