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Abstract—Novel combinations of materials and construction
techniques are key for the development of new textile antenna
configurations for on-body applications. Stretchable, flexible and
conformable features of textile antennas are one of the hot
topics in research nowadays. This work gives a step forward
with new designs of purely textile spiral antennas with flexible
and robust features for Near Field Communications (NFC) on-
body applications. Their performance is successfully validated
with a real NFC chipset, and some design and construction
considerations for novel textile materials are offered.

I. INTRODUCTION

The design of textile antennas has gained much popularity
in the last few years, specifically on new designs, textile
materials and construction methodologies for new applications
[1], [2]. The existing textile antenna designs are based on
sewing, embroidery and gluing of conventional threads and
fabrics, but new challenges arise when flexibility, stretchabil-
ity, conformability and robustness characteristics become the
key for on-body applications. The implementation of textile
conductive fabrics, threads, paints or glues to obtain some of
these properties are being used by most authors giving good
results [3], [4]. Nevertheless, the combination of these textile
materials with innovative designs can lead to, for example,
more flexible antennas keeping their Electromagnetic (EM)
characteristics.

Near field spiral antennas are highly attractive for body-
centric and wearable applications. Due to the growing of
RFID technology in garments, the tag antenna design becomes
one of the most interesting research topics for body centric
environments. NFC and RFID tags extract their power from the
field received from the reader. The efficient transfer of energy
from the reader to the tag depends on the loop antenna, that
must be tuned to the carrier frequency. RFID technologies are
generally classified into four frequency ranges; i.e., LF (125-
134.2 kHz), HF (13.56 MHz), UHF (433, 860-960 MHz) and
microwave frequencies (2.45, 5 GHz).
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This work shows the performance and comparison of six
LF square spiral antnnas (13.56 MHz) utilizing different
conductive and dielectric materials. First, a reference classic
spiral antenna has been designed and developed in a FR4
printed circuit board. Secondly, three designs have been de-
veloped with a conductive textile thread sewn into a flannel,
a Polyester/Cottom, and a leather fabric. Finally, the perfor-
mance of all antennas has been analyzed and compared, and
relevant conclusions are presented.

II. SPIRAL ANTENNA DESIGN AND CONSTRUCTION

A 13.56 MHz coil antenna has been designed. A square
shape has been chosen, because of its simpler construction in
textile layers. The next phase is to determine the final user
application of the antenna, and its placement in the garment
to choose the overall dimensions and gaps between turns. The
line width of the coil antenna's will have to be as close as
possible to the widths of the conductive threads, commonly
between 0.1 mm and 0.6mm. The designed antenna's purpose
is to be embedded in a textile bracelet by sewing a conductive
thread on it.

The equivalent model of the NFC system is divided into
the antenna and the chip circuits. The antenna circuit includes
three components in parallel:

o Cgypny: overall capacitance of the coil antenna.

o R,n:: resistive loss of the coil antenna.

e Lgyu,: self inductance of the coil antenna.
The NFC chip is represented by R, showing its current con-
sumption, in parallel with Cy,, representing its internal tuning
capacitance and parasitics. The resulting antenna impedance is
given by Equation 1.

Zomt = Oant |Rant|Lant (1)

The stray capacitance is generally in a range of few pF for
typical NFC antennas and its actual value must be measured
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Fig. 1. Layout of the square shaped coil antenna.

once the antenna is constructed, in order to perform the fine
tuning. L,,; is calculated in two different ways. On the one
hand, using Equation 2 [8].
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On the other hand, using eDesignSuite antenna design tool,
which takes into consideration more variables, such us the
material’s properties and thicknesses. The result obtained is
Lant = 5,04uH and it will be chosen since the difference is
not too far from the one calculated in Equation 2.

In order to verify the antenna's internal capacitance and the
tuning frequency, a prototype needs to be produced. A network
analyzer with an ad-hoc probe and the contact-less method has
been chosen to characterize the coil antennas.

Six antennas have been constructed, with 3 different types
of materials. The first two antennas have been constructed on
FR4 PCB boards. The other four, use purely textile layers,
with the same conductive thread but different dielectric fabrics.
Table II shows each antenna, named with a unique code, and
their constitutive materials.

Lant = K1 - o - N? - = 4,63uH 2

TABLE I
SPIRAL ANTENNA CONSTRUCTION MATERIALS
Code Conductive material Dielectric material
S7-1SA-B PCB Copper FR4
S7-2SA-B | 2 ply conductive thread [5] PES/CO
S7-3SA-B | 2 ply conductive thread [5] Franela

Different conductive threads [6] [7] have been sewn in the
antenna giving negative results, such us, breaking the thread
while sewing, threads touching one to each other because of
the thread thickness, overlapping thread on the layer and high
modification of the textile's flexibility. Therefore the 2 ply
conductive thread [5] has been chosen to construct the textile
antennas.

In Table II and III the coil material's EM properties are
shown.

TABLE I
ANTENNAS' CONDUCTIVE MATERIALS PROPERTIES

Material Resistivity 2/inch | Thickness (mm)
PCB Copper 0.042 0.035
2 ply conductive thread 1.3 0.2

The permittivity and loss tangent of the franela and
Polyester/Cotton (PES/CO) materials shown in Table III have
been obtained with the Agilent 85070E Dielectric Probe Kit.

TABLE III

ANTENNAS' DIELECTRIC MATERIALS PROPERTIES

Material | Permittivity | Loss Tangent | Thickness (mm)
FR4 4.7 0.014 1.2

PES/CO 2 0.08 0.3

Franela 1.8 0.06 0.3

The next phase was to construct the PCB for the refer-
ence antenna, and the PCB textile coil holder as shown in
Figure 2 and Figure 3 respectively. Both layouts include a
SMA connector, and a 3 pin-out footprint (to connect the NFC
chip). The layouts were performed with Autodesk Eagle PCB
Design Software and the PCB were constructed with the LPKF
ProtoMat S62.
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Fig. 3. PCB Layout of S7-2SA-B
and S7-3SA-B coil antenna hold-
ers.

Fig. 2. PCB Layout of S7-1SA-B
coil antennas.

The PCB textile holder provides the textile coils with equal
mechanical characteristics (flatness, and distributed tension),
and easy connectivity with the SMA and 3pin-out ports, as it
can be seen in Figure 3 and 4. Two PCB vias per end have
been included in the textile antenna holders in order to attach
the conductive threads to the PCB lines.

III. RESULTS

The reflection coefficient of six square spiral antennas have
been characterized by using an Agilent N5242A Microwave
Network Analyzer (PNA) and an ad-hoc constructed single
loop antenna connected to one of the PNA ports. The coil



Fig. 4. Coil antennas constructed in PCB (S7-1SA), in Polyester and Cotton
(PES-CO)(S7-2SA), and in franela (S7-3SA)

antennas have been tuned for their resonance frequency to be
centered at 13.56MHz. In order to do that, C,,; has been
measured, and taking into account Cy,g4, an external capacitor
of 6.83pF has been introduced.
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Fig. 5. Measurement results for the input reflection coefficient of the S7-S1A
and S7-S1B antennas with tuning capacitor.

Antenna prototypes have been measured using 10pF instead
of 6.83pF, as this capacitor value was not available. Neverthe-
less, the actual resonant frequency of S7-1SA-B antennas, as
shown in Figure 5, match if we have into account the actual
Ctyn used. The resonant frequencies of S7-2SA-B and S7-
3SA-B antennas are shifted up around 0.8 to IMHz compared
with the S7-1SA-B antennas, as shown in Figure 6. This means
that the antenna's internal capacitance generated by the textile
materials (both dielectric and conductive) is different to the
S7-1SA-B loop antennas.
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Fig. 6. Measurement results for the input reflection coefficient of the S7-
S2A-B and S7-S2A-B antennas with tuning capacitor.

The reflection coefficient levels of S7-3SA-B antennas have
better performance (-0.45dB) than the S7-2SA-B antennas (-
0.25dB) due to the higher permittivity of the dielectric layers.

In order to evaluate the textile coil's performance, durability,
and flexibility, it has been embedded in a leathered bracelet
with a NFC chip and used in real-life operation for a year.
The results obtained show that the reading time and distance
is the same as commercial MIFARE contact-less (Figure 8)
cards in 100% of the times even in harsh conditions (bending,
crumpling, moisture environments). The prototyped bracelet is
shown in Figure 7.

Fig. 7. Designed textile coil em-
bedded in a leathered bracelet.

Fig. 8. MIFARE contact-less
Deusto card.

IV. CONCLUSION

The use of conductive threads sewn into franela, PES/CO
and leather fabrics has been proved as a feasible construction
method for NFC square spiral purely textile on-body antennas.
The mechanical properties of the developed prototype, such as
stress, crumpling and bending, have been successfully tested
for more than one year of real life use.

Open issues for future work are related to textile connectiv-
ity procedures, stretchable designs and other novel construc-
tion methods, as ink-jet and screen printing techniques.
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