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Text Antenna based on Meander Line for RFID
Integrated Circuit Transponders

G. M. Cipullo, H. X Araujo, I. R. S. Casella, and C. E. Capovilla

Abstract—In this work, a text antenna based on a meander-
shape dipole structure is proposed. The use of text antennas can
bring interesting technological advantagesin terms of advertising,
marketing and logistics. The proposed planar antenna operates at
UHF band and its shape is designed to represent the name of the
Universidade Federal do ABC (i.e. Federal do ABC - UFABC).
The performance of the antenna is evaluated by simulation and
by measurements in a built prototype, considering its input
return loss and radiation pattern characteristics. The obtained
results show the viability of using the proposed antenna in RFID
integrated circuit transponders.

Index Terms—Planar antennas, dipole antennas, meander
lines, RFID integrated circuit.

|. INTRODUCTION

The wireless remote sensor applications have become a
great source of knowledge and technological innovations. The
Radio Frequency IDentification (RFID) has been used on a
large scale, and now, has become an important tool applied
in logistics operations. In RFID systems, data are transferred
between a wireless transponder (tag) and a reading unit [1].
Due to its simple structure, RFID tags are directly attached
to the element to be identified (e.g. components, pallets,
containers, vehicles, machinery, and services) [2].

The transponders can be active or passive. The passive ones
represent a good combination of cost and performance [3],
[4]. Typically, a passive RFID transponder is made up of
an Application-Specific Integrated Circuit (ASIC) and an
antenna [4]. The antenna of the transponder, usualy planar,
is an important part of the system to guarantee the quality
of the wireless communication link. Its specs must comply
with some international standards, providing compatibility and
interoperability between the different components involved in
the system [5].

The RFID antennas, operating in the Ultra High Frequency
(UHF) band, can assume different shapes, depending on its
application [6], [7]. However, in general, they are designed to
be omnidirectional [5], [8]. One interesting class of antennas
that can be used for RFID applications is the meander line
antennas [9], [10]. They were proposed in [11] as an attempt to
reduce the physical size of the antenna by folding the antenna
in sections, so that, its resonant frequency is reduced when
compared with a similar one of the same physical length [12].
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In Figure 1, adipole antennais shown in meander line shape
(six sections), with distance between the adjacent lines equal
to its width, in this way, assuring a symmetrical structure to
the antenna. If a conventional dipole presents size L and the
dipole in a meander shape presents size |, the reduction factor
Bisequa to 5 =1/L, usudly, in the order of 24 to 40% [11].
Due to its folded shape, the capacitance and inductance per
unit length are increased, reducing the propagation speed in
the meander and, consequently, providing a reduction of the
necessary physical length of the antenna, when compared to
an original dipole (for the same performance).
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Figure 1: Meander line as a dipole antenna.

In this context, we propose in this paper, the design of apla-
nar text antenna for RFID applications, operating in the range
of 900 MHz to 940MHz (UHF band), based on a meander
line structure that represents the name of the Universidade
Federal do ABC. The paper is organized as follows. besides
this introductory section, proposed text antenna is shown in
section 11; main analysis and main results are considered in
section 111; and section IV concludes the work.

Il. PROPOSED TEXT ANTENNA

Among several options of antennas available for RFID ap-
plications, the use of text format antennas is quite unique [13]
since they are based on non-uniform meander lines. In other
words, they consist on a thin line modeled of different ways
to reproduce the shape of letters. Brand names or logos can be
used to make the radiating element for RFID tags, which gives
an additional value to their tags as a high-tech advertising [1].

The proposed antenna, presented in Figure 2, was designed
on a FR-4 substrate (¢,=4,4, 6=0,018 and h = 1,6mm). It
was chosen due to its easy acquisition and low cost prototyp-
ing [14].

EEDERAL D@ﬁ%@ URHEBC

Figure 2: Proposed text antenna (98 x 6.5 mm).
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As shown in Figure 2, the text "FEDERAL DO ABC
UFABC" is in contact with a straight dipole structure under-
neath the letters. The axial length of the conventiona half-
wave dipole having the resonant frequency of 920 MHz is A ,
= 128 mm and the line thicknessis around 1 mm for a optimal
impedance matching. The text and letters were designed to
maintain the line thickness and axial length proportions.

I1l. ANALYSIS OF RESULTS

The simulations were performed using the Method of Mo-
ments (MoM), taking into account al the required bound-
ary conditions (lack of ground plane, substrate with finite
dimensions, and differential input signal), with the aid of
the momentum package, a computational tools of the Agilent
Advanced Design System (ADS). In order to optimize the
prototype, an iterative process was used. The letters spacing,
line thickness, and axial length were optimized for the desired
frequency range between 900 and 940 MHz. The optimized
axial length is 98 mm, areduction of 24% in comparison with
the half-wave dipole. This size reduction is due to the meander
shape that the letters have applied to the antenna structure.

Figure 3: Photography of the built antenna.

The connection between the antenna and the network ana-
lyzer was performed by a balun (balanced-unbalanced), which
was designed with RG316 coaxia cable. The built antenna
(with its respective balun) is shown in Figure 3. The ratio of
the balun is 1:1, where the length of the loop is 3/4 of guided
wavelength and the length of the parallel line is /4.

In general, the nominal permittivity value of the substrate is
not accurate enough for the design of planar antennas. Thus,
simulations were performed based on corner analysis, showing
the results of the input return loss for ,=4.0 and £,.=4.8,
besides the typical one.

In Figure 4 is shown the input return loss of the antenna
In order to ensure the full functionality of the prototype, the
adopted criterion to analyze the bandwidth was the usual value
of VSWR 2:1 or VSWR < 2, sincein thisrange at least 90% of
the antennainput power will be radiated [15]. This assumption
is equivalent to reach S1; < -10dB.

It can be noted that the simulated and measured resultsarein
complete agreement with the resonance frequency of 920MHz,
showing that, for this prototype, ¢, is tending to the typical
value. For this value of ¢,., the simulated bandwidth is around

7.5% (888 MHz to 957 MHz), while the measured one is 4%
(900MHz to 937MHz).
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Figure 4: Simulated and measured results of antenna input
return loss.

The reduction of the measured bandwidth is caused by the
intrinsic characteristics of the employed baun (502 coaxid
cable). As the balun is just a necessary device for perform-
ing the measurements, it was not taken into account in the
simulations.

For connecting the antennato a real chip tag, an appropri-
ated impedance matching circuit should be adopted. In general,
chip tag input impedanceis very capacitive (around 10— ;2002
at 920MHz). Thus, a loading bar can be added and adjusted to
obtain optimum inductive reactance and resistance matching.
The trimming can be also easily obtained by punching holes
through the antenna trace at defined locations or by lumped
elements.
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Figure 5: Simulated and measured antenna results of E-CoPol
radiation pattern at 920MHz.

In Figures 5 and 6 are presented the simul ation and measure-
ment results of the E-Plane and H-Plane radiation patterns, re-
spectively, for the antenna at 920 MHz (normalized). Through
the analysis of the radiation pattern, it can be observed that
the antenna is linearly polarized, with the E plane (E-CoPol)
predominant at the substrate, and the H plane (H-CoPol)
normal to the substrate.
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Figure 6: Simulated and measured antenna results of H-CoPol
radiation pattern at 920MHz.

The smulated radiation pattern results are in agreement
with the measured ones, showing the efficacy and ensuring the
functionality of the prototype. The cross polarization fields (E-
Xpol and H-Xpol) are at least 25 dB below, ensuring a good
purity for the linear polarization of the antenna.

Completing the radiation pattern analysis, it is presented
in Figure 7 the measured 3D antenna pattern. The resulting
pattern looks kind of like a nonhomogeneous bagel radiating
energy outward. The strongest energy is radiated outward,
perpendicular to the antenna in the x-y plane.
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Figure 7: Measured antenna results of 3D radiation pattern at
920MHz.

This nonhomogeneous behavior is due to the letters of the
dipole as a text line meander. Notice that the patterns in any
orthogonal plane (any plane, actually) are directional, and so,
this antenna meets an omnidirectional behavior. Besides, it can
be seen that the antenna has quasi-omnidirectional behavior,
which evidences and ensures its good behavior as a radiator
element for RFID transponders. These results demonstrate that
the antenna keeps the good characteristics of a traditional
dipole, even on the meander shape.

As illustrated in Figures 8 and 9, the 3D radiation pattern
measurements were performed in the anechoic chamber (7.6m
x 3.1m x 3.1m) installed inside the Laboratory of Information
and Communication (LIC) at UFABC. This chamber was
fabricated by ETS-Lindgren (Spacesaver H26 Model - up
to 18 GHz) with Rodhe & Schwarz equipments. Both, the
transmitting horn antenna (EQ3117 Model) and the prototype,
were positioned inside the quiet zone, defined as an imaginary
sphere where the antennas must be placed inside to guarantee
that the level of the reflected signal is less than 30dB [16].
Also, in this chamber, the electromagnetic field uniformity is
less than 6 dB and the normalized site attenuation is less than
+/- 4 dB in the range from 1 GHz to 18 GHz.

Figure 8: Prototype connected to the turntable.

Figure 9: Text antenna at UFABC anechoic chamber.

Finaly, it is also important to characterize the antenna
gain and efficiency. The smulated results of the gain and
efficiency are, respectively, 2.15dBi and 90%. In this way, the
obtained results show that the proposed antenna can perfectly
operate in RFID devices, allowing the compatibility with
monolithic integration through chip-on-board technique with
direct connection between the planar antenna and the IC for
the tag construction.
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IV. CONCLUSION

This work proposes a planar meander antenna in the shape
of text for RFID applications. The antenna presents a visual
attractive, combining marketing values with operational capa-
bilities. The antenna can be employed in almost all products
inside a production chain due to its planar characteristic.
The presented text antenna showed satisfactory results, both
simulated and measured at 920MHz with a bandwidth around
40MHz. Regarding to the radiation pattern, its behavior is
quasi-omnidirectional, like a normal dipole, for both E and
H planes. In this context, the proposed text antenna is fully
operational for low cost RFID applications and is suitable for
transponders with needs or desires a marketing appeal in UHF
band.
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