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Abstract — We summarize a successful method to increase
reading distances of passive radio frequency identification (RF-
ID) tag antennas, which is integrated with an artificial magnetic
conductor (AMC) ground plane. By introducing the AMC
ground plane, our tags become insensitive to target platform
materials. In other words, our tags can be directly attached
onto metal or dielectric materials with high permittivity with
almost no degradation in their performance. In addition, using
the reflection phase variation property of the AMC, we can
increase a recognition distance and reduce overall height of the
tag antenna, remarkably.

Index Terms — RFID, Tag antenna, AMC, Reading distance,
Low-profile.

I.  INTRODUCTION

We can find a variety of RFID applications in our daily
lives such as transportation payment, asset management,
product tracking, etc.

One of the major drawbacks of conventional RFID tag an-
tennas is limitation on target tagging materials or platforms.
Dielectrics with high permittivity and metallic objects are
typical materials on which the RFID tag is hardly recogniza-
ble by readers [1].

To solve the problem, many approaches have been at-
tempted using a planar inverted F antenna or an AMC
ground plane [2] - [6]. Among those approaches, we focus on
the AMC technique and summarize design steps of tag an-
tennas.

II. DESIGN OF A TAG ANTENNA USING AMCS

Figure 1 shows general operation environment of RFID
tag antennas. In the figure, the metallic or the AMC ground
planes can be interpreted as target platform materials (or
products) that should be recognized by reader systems. When
the tag is brought to near the metallic surface, the reflected
wave from the surface interferes with the direct wave ra-
diated from the tag, which causes strong destructive interfe-
rence between them because of the reversed phase response
of the metallic object. Therefore, if the distance (%) far much
reduced, then the current flowing on the tag would be short-
ed out. Consequently, the tag cannot be identified by a reader
system any more.

Now, let us consider Fig. 1(b) in which the metallic
ground is replaced with the AMC ground plane. In this case,
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Fig. 1. Scenarios of a RFID tag identification.

reflection phase of the ground becomes 0 at the frequency of
interest, which means that even if the tag is located very
close to the ground, the current on the tag is not disturbed by
the reflected wave. One important merit of this configuration
is in the increase of a recognition distance owing to in-phase
reflection phase from the AMC ground. Hence, the tag oper-
ates very well at a desired target frequency band even with
the extended reading distance, which is obviously fairly at-
tractive at some special applications of identifying metallic
or high dielectric materials [3].

Another important property of the AMC is in its reflection
phase variation behavior, which is shown in Fig. 2. In the
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Fig. 2. Typical behavior of reflection phase response of AMCs.

figure, f, indicates a frequency of zero reflection phase. Simi-
larly, f, or f,. are frequencies of required phase values of 2 B’
and ¢z C’, respectively. Not only f,, but also f, or f. can be
used to increase the reading distance of a tag antenna [5, 7].
In this case, phase delay caused by the distance between the
tag and the AMC should be carefully treated to maximize
constructive interference occurred by cooperative phase state
of the reflected wave from the AMC.

We can also transform a single-band tag antenna into a
dual-band one just by adjusting the slope of the reflection
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Fig. 3. Low-profile tag antennas installed on AMC ground planes [3, 7].

phase response and the distance between the tag and the
AMC [6].

III. EXPERIMENTAL VERIFICATION

Fabricated low-profile tags operating in a 900MHz fre-
quency band are given in Fig. 3. In Fig. 3(a), the meandered
dipole tag is installed right on the AMC, but in Fig. 3(b),
there is a small gap between the tag and the AMC ground
plane. In other words, the tag is located 6.6 mm above the
AMC. In Fig. 3(b), both the tag and the AMC are placed in a
recessed metallic cavity to increase a reading distance.

At this point, we have to focus on geometrical differences
between the two antennas; first, the shape of the tags, second,
existence of the cavity, which enables us to design the tag far
much simpler than conventional approaches. As a matter of
fact, in Fig. 3(b), the tag is a simple bowtie dipole antenna,
which is nearly impossible to obtain good impedance match-
ing with the attached Higgs-2 chip whose impedance is 11-
j130Q. However, we can adjust the input impedance of the
tag very easily by using coupling effect between the tag and
the cavity walls, which is a strong point of our design me-
thod.

The measured reading distances of the tag in Fig. 3(a) and
(b) are 4.8 m and 12.2 m under the transmission power of 30
dBm through a 6 dBi direction antenna, respectively.

In order to obtain a longer recognition distance, we have
enlarged the overall dimension of a metallic cavity, which
are shown in Fig. 4. As is in Fig. 3, the bowtie tag is located
above the ground plane. Namely, the tag blocks up the top
opening of the cavity keeping the required air spacing be-
tween the tag and the AMC with thin four acrylic posts.

There are two types of cavities with or without an AMC
ground plane. Without the AMC, our tag operates in a single
frequency band. But, when we install the AMC, our tag op-
erates in dual bands of European (869 MHz) and Korean
(910 MHz) frequency regions. We can make the tag resonate
at dual frequency bands by designing the AMC to provide
required reflection phase values at two target frequencies.
For instance, f3 (or f3") and f¢ (or f¢") in Fig. 3, can be Euro-
pean and Korean frequency bands, respectively. In case that
we need more (or less) frequency separation between the
target applications, all we should do is just changing the ref-
lection property of the AMC, which can be done by simply
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(a) Bowtie shaped tag

(b) Recessed metallic cavity to largely increase a reaing distance

Fig. 4. Long-range single- or dual-band tag antennas installed in metallic
cavities with or without an AMC ground plane [5, 6].

tailoring its shape, dimension, etc. The two tags provide
more than a 20 m reading distance at the same experimental
environment used in Fig. 3.

IV. CONCLUSION

We summarize a new design method of RFID tag antennas
using an AMC, which has been proposed by our research
group. The main operational principle of the AMC is that it
operates as a reflection phase modulator to maximize con-
structive interference that enables remarkable improvement
in a reading distance. In addition, by setting the AMC to
provide appropriate reflection phase values at more than two
target frequency bands, we can easily design a dual-band tag.
Last but not least improvement in design procedure is sim-
plicity of our approach, which can be achieved by optimizing
coupling effect between the tag and the cavity.
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