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Abstract

A numerical and an experimental study of a thermal
transfer printed chipless RFID tag is presented. A good
agreement between models and measurements has been
achieved. Some drawbacks have been highlighted and
discussed.

1 Introduction

In recent years, the research investigation has highlighted
the potentiality of chipless RFID tag in different field of
applications [1], from item tagging [2] to sensing [3] [4]
and security [5]. Nevertheless, many issues have to be still
addressed in order to make that technology usable in
practical applications. First of all, it is necessary to adopt a
mass production technique that is reliable and at very low
costs in order to achieve a pervasive use. The
manufacturing processes relying on inkjet and roll-to-roll
printing reduce the production costs and permit the use of
cheap materials like paper and flexible plastic films. On the
other hand, that printing process makes use of conductive
inks that have reduced conductivity and therefore make the
tag more difficult to work. The reading distance is typically
short while the spectral signature may show not very deep
notches. Moreover, the clutter from adjacent objects
camouflages the backscattered signal making difficult to
identify the spectral signature.

To remedy the aforementioned limitations, different
solutions based on Frequency Selective Surfaces [4], [6]
and on Van Atta Array [7], [8] have been found to increase
the radar cross section (RCS) response and to extended the
read range.

In the presented work we investigate the usefulness of
thermal transfer printing to realize chipless tags since it is
a very cheap technique widespread used in many industrial
and services applications to print labels. We perform a
study of the behaviour of simple antennas and tag
topologies by comparing results of numerical models to
measurements on printed realizations of the simulated
models.

The paper is organized as follows. Section | describes the
electromagnetic models, while section 11 shows numerical
and experimental results. Some conclusions are addressed.
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Figure 1. Sketch of the used microstrip structure. Strip:
Metallograph ink 250 nm thick. PET: 50 um thick
printing support. Teflon: 5 mm substrate. Ground: 35 um
copper.

2 Models and Methods

Models and realized devices are based on microstrip
technology having the structure shown in Fig.1. The
ground is made with an adhesive sheet of copper having
thickness 35 um, the substrate is composed of a 50 um
foil of polyethylene terephthalate (PET) over a slab of
Teflon 1.5 mm thick, the printed structure constitutes the
upper layer and is made of Metallograph Alluminum
250 nm thick having nominal bulk conductivity 3.6 -
10 S/m The used thermal transfer printer is Zebra 610T
which allows the use of rolls of materials 10.4cm large.
The design structure is first printed on the PET foil then it
is stuck over the Teflon substrate.

We consider four different models useful to determine the
goodness of the printing technique for developing chipless
tags. The first model is a 50 ohm microstrip line connected
at both ends in order to determine the insertion loss. In the
second model we introduce a couple of u-shaped resonators
tightly coupled to the transmission line in order to evaluate
the effectiveness of that kind of resonator in introducing
notches in the frequency response. The third model
concerns a printed microstrip patch antenna that is used to
evaluate the effectiveness of the materials for radiating
structures. The patch antenna includes three parasitic
elements that behave as additional resonators for increasing
the bandwidth. The simulated gain of the antenna is about
5.5 dB. The fourth model is a chipless tag made with a two
elements Van Atta array working in polarization diversity
that is realized assembling the transmission line and the
patch antennas designed before. The working frequency is
in the bandwidth between 3.4 GHz and 3.8GHz envisaging
the tag for possible applications in 5G scenarios. The used
simulative software is Sim4Life [9].



2 3
2 »
g 8
S c
= E
2
Figure 2. Picture of a printed microstrip line with two u- i Smoiat o
— Simulation Ny
shaped resonators. B . P Measure AL
2.2 - - . L - 50

2 25 3 3.5 4 4.5 5
Frequency (GHz)

Figure 6. Insertion loss and return loss of the printed

microstrip line. Comparison between numerical model and
measurements.
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Figure 3. Picture of a printed microstrip patch antenna with
parasitic elements for increasing the bandwidth.
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Figure 4. Model of a two-element Van Atta array with
microstrip lines and u-shaped resonators.
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Figure 8. Return loss of the printed microstrip patch

antenna. Comparison between numerical model and
Figure 5. Picture of the printer workflow. measurements.



3 Numerical and Experimental Results

A comparison between simulated and measurement results
is reported. The insertion loss and return loss of the
microstrip transmission line is shown in Fig.1. We observe
that the measured insertion loss is less 2dB in the
bandwidth [2 — 5] GHz, it is greater than that simulated but
includes the loss of connectors that is not considered in
simulation. Losses increase with the frequency as a
consequence of the very thin conductive layer of the
printed strip. Fig.7 shows the insertion loss and the return
loss of the printed microstrip line coupled to two u-shaped
resonators. U structures are dimensioned to resonate at 3.5
GHz and 3.7 GHz, evidently a couple of notches are visible
at that frequencies, nevertheless the depth of the notches
are limited to a couple of dB because of the losses of the
printed metallic layer. The position of the peaks of the
notches are in agreement with that of simulated model. The
return loss of the printed patch antenna is shown in Fig. 8.
A part from a small frequency shift due to a discrepancy
between the actual and simulated permittivity of the
substrate materials, simulations and measurements are in
good agreement for what concerns the matched bandwidth.
Finally, a two-element Van Atta array made with the line,
resonators and patches antenna shown before has been
modelled as shown in Fig. 4. Its radar cross section has
been calculated by means of simulation considering a plane
wave impinging from different directions. In Fig. 9 and in
Fig. 10 are reported the simulated results of monostatic
radar cross section vs. frequency for impinging angle of 0°
and 30°, respectively. A comparison between tags with a
without resonators is also shown. The notches introduced
by the resonators are clearly visible in both the figures.
Notches do not change position by changing the impinging
direction, while the level of radar cross section is sufficient
high to allow us to hypothesize that tag is readable from
sufficient long distance.

4 Conclusion

The overall results obtained in that study make us confident
that technology can be profitably used for realizing
chipless tags. The major drawback concerns the short depth
of the notches that may be camouflaged by noise and
clutter, but an optimized design procedure together with a
better realization (e.g. including more layers of ink) can
overcome that limitation.
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Figure 9. Monostatic radar cross section of chipless tag of
Fig.4 for incidence angle of 0°. Continuous blue line:
perfect electric conductors condition without u-resonators;
green line: conductive ink without u-resonators; dot-
marked red line: conductive ink with u-resonators.
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Figure 10. Monostatic radar cross section of chipless tag
of Fig.4 for incidence angle of 30°. green line: conductive
ink without u-resonators; dot-marked red line: conductive
ink with u-resonators.
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