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Planar Near-Field RFID Reader Antenna
for Item-Level Tagging
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Abstract—In this letter, we propose a novel UHF planar
near-field antenna for the application of RFID item-level tag-
ging. The proposed antenna was designed to have a strong and
uniform -field over a broad antenna aperture to identify the
various items with stable reading performance. To obtain a strong
near -field, two coupled patches are employed along with
a microstrip-line feed, resulting in average of 15 dBA/m
on antenna aperture (30 30 10 cm ). We also measured the
reading range, and it confirmed that the proposed antenna is
suitable for a commercial RFID smart-shelf application.

Index Terms—Item-level tagging (ILT), near field, radio
frequency identification (RFID), reader antenna, ultrahigh
frequency (UHF) band.

I. INTRODUCTION

R ADIO frequency identification (RFID) systems for near-
field communications in the ultrahigh frequency (UHF)

band have gained much attention since they exhibit a better
read rate on lossy dielectric materials, such as garments, drugs,
and retail goods [1]–[11]. These RFID systems for near-field
communications need a special reader antenna that can produce
a strong magnetic field near the antenna aperture in broad re-
gions. For example, a reader antenna that can produce a strong
-field of greater than 20 dBA/m (notation of means that

it is perpendicular to the aperture of the reader antenna) is re-
quired to detect a small loop tag of 1-cm radius [12]. In addition,
the reader antenna should have a thin profile for some applica-
tions such as a shelf.
In the UHF band, the loop or solenoid structure, which is

widely used in the low-frequency band, is not appropriate to
produce strong near magnetic field in the broad region since
the generated field from those structures covers only confined
regions due to the physically reduced apertures. In our pre-
vious work, we proposed the concept of oppositely directed cur-
rents (ODCs) to solve this problem, as shown in Fig. 1. The
ODCs consist of two currents with a phase difference of about
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Fig. 1. Concept of ODCs. (a) Top view. Two currents flow oppositely along
two wires. (b) Side view. Near magnetic field produced by ODCs is exhibited
as arrow lines.

180 , and is produced strongly between them. Also, the
-field can be easily concentrated in a certain target area by

appropriately choosing the distance and strength of ampli-
tude and of each current [12].
In this letter, we realize the concept of ODCs using two cou-

pled patches with a microstrip line feed to make it suitable for
thin-profile shelf applications. The proposed antenna design ex-
hibits an -field of greater than 20 dBA/m over an antenna
aperture of about 30 30 cm with a thin profile (less than
2.5 cm). The detailed design parameters are optimized using
Pareto genetic algorithm (PGA) in conjunction with FEKO elec-
tromagnetic (EM) simulator [13], [14]. We also confirm that the
read range is not drastically changed on various target materials.

II. ANTENNA STRUCTURE AND OPTIMIZATION

Fig. 2 shows the proposed RFID reader antenna structure for
the shelf. To realize the concept of ODCs, two coupled patches

are printed on an FR-4 substrate (
thickness mm). The uniform distri-

bution of the -field can be achieved with proper current dis-
tributions on both the coupled patches by detuning the width,
length, and distance between patches. To induce currents on
each patch, a microstrip line of , fed from the side
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Fig. 2. Proposed planar near field reader antenna using concept of ODCs. (a)
Perspective view. (b) Side view.

wall, is inserted between the two patches and the ground plate,
and it is also printed on the FR-4 substrate. The amount of in-
duced currents on each coupled patch is dominantly determined
by the gap between two substrates of and the distance be-
tween the side wall and patch of . The detailed design param-
eters such as ,
and are optimized by PGA, and the antenna performance is
predicted using FEKO EM simulator. In the PGA process, the
optimized antenna is evaluated by following two cost functions:

Lowering the cost means improving the antenna perfor-
mances. Cost1 addresses the strength of the -field on
the targeted surface area of 30 30 cm , and Cost2 implies
the uniformity of the -field on the targeted area. The
optimized design parameters obtained from the aforemen-
tioned optimization process are as follows: cm,

cm, cm, cm,
cm, cm, cm, cm,
cm, cm, cm, cm,
cm.

III. ANTENNA CHARACTERISTICS

To confirm the optimized result, we measure the antenna per-
formances such as bandwidth, radiation pattern, and near-field
distribution. The measured bandwidth ( 10 dB) is
30 MHz, from 910 to 940 MHz, which entirely covers the
required frequency band in Korea (917–923.5 MHz), and it
matches well with the simulation result as shown in Fig. 3(a).
The operating frequency and input impedance is mainly af-
fected by length of the microstrip line . If increases,
then the resonant frequency of the antenna is shifted to lower
band, with slight changes of other performances. Thus, the
antenna can be tuned for other operating frequency bands,
such as Europe (865–868 MHz) and Japan (952–955 MHz).
Although this device is designed for near-field applications, the

Fig. 3. (a) Simulated (dashed line) and measured (solid line) reflection coeffi-
cient. (b) Simulated (dashed line) and measured (solid line) radiation pattern in
phi , and simulated (dotted line) and measured (dashed-dotted line) radia-
tion pattern in phi , respectively.

device introduces a certain amount of far-field radiation. Thus,
radiation gain patterns are measured to examine the satisfaction
of the EIRP regulation. The measured and simulated results
are compared in Fig. 3(b), and they agree well with each other.
The maximum gain is about 6.8 dBi. Thus, the input power
should be lower than 0.832 W (less than 4 W EIRP in Korea).
However, the reading performances such as the reading range
and reading success tests are conducted with the 1-W input
power.
Next, the -field is measured using a small loop probe over

the surface that is 3 cm above the antenna aperture, as shown
in Fig. 4(a). The measured is greater than the specification
of 20 dBA/m in most of the target surface region. As we ex-
pected, strong and uniform near -field is observed along the
target surface region. We also examine current distribution by
EM simulator, and the result shows that the lengths of induced
currents on each patch are about half-wavelength and that they
flow in the opposite directions, as shown in Fig. 4(b). As the
distance between two patches increases, the phase differ-
ence between two currents also increases, and thus, should
be chosen properly to make currents on two patches with out
of phase. Also, the place where the strong -field is gener-
ated is easily moved when the length and width of each patch
is changed. For example, if we reduce the length or increase
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Fig. 4. (a) Measured near -field on a surface 3 cm above the antenna aper-
ture. (b) Simulated current distribution using commercial EM simulator.

the length for raising the induced current of the lower patch,
then the strong -field is shifted to the feeder.

IV. READING PERFORMANCES

Finally, the reading performances of the proposed antenna are
measured using a commercial loop tag (1.1 1.1 cm ) and an
RFID reader system [15], [16]. The reading range is measured
when the tag is in free space and is attached to the bottom of
the reagent bottles, as shown in Fig. 5(a) and (b), respectively.
The maximum reading range of 12 and 10 cm is observed for
free space and with the reagent bottle. A small variation of the
reading range is observed, and this verifies that the adjacent di-
electric materials do not significantly affect the reading perfor-
mance of the proposed antenna.
Next, we measure the total number of readable tag when

100 reagent bottles are placed on top of the antenna aperture.
The bottles are empty and they occupy the area of 22 22 cm .

Fig. 5. Measured reading range. (a) Commercial small loop tag is in free space.
(b) Commercial small loop tag is attached to the bottom of reagent bottles.

We also tested the performance by placing various dielectric
materials such as wood, water, and foam between the aperture
and reagent bottles. Fig. 6(a) shows the measurement setup, and
Fig. 6(b) exhibits the resulting success rate with various thick-
nesses and different dielectric materials. As expected, the total
number of readable tag decreases as the thickness of materials
increases. A success rate of over 80% is observed for dielec-
tric materials less than 2 cm thick, using three different kinds
of materials, and this confirms that the reading performance of
the proposed antenna is not significantly affected by the high-di-
electric materials.

V. CONCLUSION

In this letter, we proposed a novel RFID reader antenna
for thin-profile shelf. To produce the strong -field over the
broad surface of the shelf, the concept of opposite directed
currents was employed for the proposed design structure. Also,
the coupled microstrip-line feeding system was applied to
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Fig. 6. (a) Measurement setup. (b) Measured total number of readable tag on
the various materials.

reduce the antenna profile. The detailed design parameters were
optimized to produce the strong -field in the target surface
area of 30 30 cm using PGA in conjunction with full EM
simulator. The optimized antenna showed an average -field
of 15 dBA/m over the antenna aperture and achieved stable
reading performance. The measured results showed that the

proposed antenna is applicable for a thin profile near-field
reader antenna.
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