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Abstract: In this study, a wearable textile tag dipole antenna is introduced as a candidate for use in RFID
applications. The antenna structure had been designed based on a modified version of the Wunderlich fractal
geometry of the second iteration. The proposed antenna 1s simulated with two form of substrate conventional
and textile for traditional substrate it offered a dual band at 0.952 and 2.5 GHz and when it modeled on a textile
substrate it offers a dual-band response resonating at 0.952 and 2.7 GHz. Results show that the textile antenna
presents acceptable radiation characteristics with peak gains of about 1.214 dB1 and read range 12.76 m for lower
band and 2.704 dB1 with 4.9 m read range for upper band. The effect of the thread radius, the characterization
of different textile material used as the substrate when nine textile materials are chosen for the compression and
also the various layer of textile has been studied in this research. Modeling and performance characteristics are
evaluated by using the commercially available EM simulator, the CST Microwave Studio.
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INTRODUCTION

Wearable textile antennas have become occupied a
considerable area of the research m the fields of RFID
applications because of the high flexibility offered by
Recent challenges have made the
designers of microwave antennas and passive circuits to

these antennas.

seek out design techniques to produce compact size
components with multiband responses. The various
fractal geometries have been successfully verified as an
attractive choice for the antenna (All 2009; Ali and
Ahmed, 2012; Alief al, 2012a, b; Abdulkarim ef af., 2013)
and bandpass filter design.

In this respect, fractal geometries are specified by
astonishing characteristics resulting that work has been
done on antenna design based on this geometry, so that,
one can obtain antennas have both features of fractal and
textile antennas (Sangeetha and Caroline, 2016). Many
research works have dealt with the application of fractal
geometry in the design of textile antennas. Jalil ez al.
(2012), Koch fractal of the first iteration has applied
to get a triple-band dipole antenna structure for wearable
applications. While by Poonkuzhali ef al. (2016), a second
iteration Koch geometry is employed to gam a size

miniaturization and bandwidth of 10%. Also, Koch
geometry with a little modification has been used as
reported by Talil ez al. (2013). Minkowski fractal geometry
and tuning holes have been utilized to achieve antenna
for WLAN applications (Syed et al., 2015). A wearable
textile patch antenna based on Sierpinski dragon fractal
curve is proposed by Hatem et af. (2014).

In this study, a fractal-based dual-band textile
antenna has been mtroduced. The proposed antenna was
designed based on a modified Wunderlich fractal curve of
the second iteration for different RFID applications.
Modification of the proposed antenna is accomplished
depending on the study of the distribution of current on
the surface of the antemma structure. The proposed
antenna has been tested with two modes of substrates;
the conventional and the textile.

MATERIALS AND METHODS

The proposed antenna modeling: The geometry of the
proposed second iteration printed fractal anterma 1s
depicted in Fig. 1 with respect to the coordinate
system. The antenna is supposed to be printed on
Roger Rt/Duroid 5880 substrate with dimensions of
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Fig. 1: The layout of the modeled 2nd iteration antenna
with top view coordinate system

Table 1: Summary of the modeled antenna dimensions

Symbols and their wvalues of the
proposed antenna (min)
w=116351=5546

Ws=102.96 , s =855, h =3.175

Antenna components
Radiator
Substrate

(WsxLs) with a relative dielectric constant = 2.2 and
substrate thickness h = 3.175 mm. The antenna is excited
using a 50-Ohm probe feed technique. After some
dimension scaling of the modeled antenna it seems to
have a multiband response. Table 1 summarizes the
dimensions of the modeled antenna.

RESULTS AND DISCUSSION

Performance evaluation of the modeled antenna: The
antenna with the layout depicted in Fig. 1 has been
modeled by with prescribed substrate. Simulation results
reveal that the antenna offers a triple-band resonance
within the sweep frequency of 0-3 GHz with resonant
frequencies at about 1.312, 2.00 and 2.277 GHz as shown
mFig. 2.

The antenna response does not prevent the
possibility of the existence of other resonances outside
this frequency range. Table 2 shows the bandwidth of the
proposed antenna for triple bands. From the results it was
found that the proposed antenna doesn’t satisfy RFID
range frequencies (Bernat and Mansfield, 2008). To make
the antenna match with RFID range, we fill the gaps
in the previous design according to the cwrent
distribution path. The corresponding current distribution
of triple bands has been shown i Fig. 3. The followmng
steps are to choose the best feeding location to match
with IC and the best chip impedance value.

After mmplementing these steps, the proposed
Wunderlich dipole antenna will be as shown in Fig. 4. A
parametric study of the effect of the capacitor value of the
IC on the antenna return loss response within the sweep
frequency of 0-3 GHz is shown in Fig. 5, corresponding
to a capacitor value variation of about 0.2 pF. The results
unply that the antenna satisfies the requirement of RFID
applications when C = 0.9 pF. The antenna offers a
dual-band resonance at 0.952 and 2.5 GHz.
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Fig. 2: Simulated return loss response of the resulting 2nd
iteration Wunderlich based dipole antenna
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Fig. 3: Simulated current distributions on the surface of
the resulting triple band antenna at: a) 1.321 GHz;
b) 2.00 GHz and ¢) 2.278 GHz

Table 2: Bandwidth of proposed antenna for triple bands
Resonant frequency (GHz) Bandwidth range (GHz)

1.321 1.2986-1.3274
2 1.9806-2.0283
2.278 2.2671-2.2866

Antenna modeling with textile substrate: In this
study, the proposed antenna 1s to be printed on material
in the form of textile as the substrate with the same
technique that was used by Hatem et al. (2015) with a
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relative dielectric constant = 1.8 and with thread
radius r = 0.8 mm. The antenna geometry is shown
m Fig. 6.

The proposed antenma depicted in Fig. 6 has
been modeled with the prescribed substrate and its

Ws
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Fig. 4: The layout of the modified modeled 2nd iteration
antenna with top view coordinate system matching

performance has been evaluated within the sweep
frequency range (0-3) GHz. Simulation results reveal that
the antenna offers a dual resonant behavior at the
operating frequency of about 0.952 and 2.7 GHz as shown
in Fig. 7. The effect of thread density on the performance
of the proposed antenna is investigated by sweep
thread radius (r) mm variation from 0.5-0.9 mm. The
density of the threads within the substrate antenna area
decreased as the thread radius was decreased. The
antenna with r = 0.9 mm has the highest density and
the antenna with r = 0.5 has the lowest density. When
the radius decreases, the frequency shifted to upper
frequency as shown in Fig. 8. The more suitable result has
occurred when the value of the radius is high. When the
gap between threads has been mcreased, the tag antenna
performance 1s deteriorated. The deterioration 1s because
the added air in the textile substrate increased its
permittivity then detuning the antenna and decreases the

with IC matching.
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Fig. 5: Simulated return loss responses of the resulting 2nd iteration Wunderlich curve antenna with different capacitor

values
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Fig. 6: The layout of the modeled 2nd iteration Wunderlich based textile antenna
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Fig. 7: The simulated return loss for the proposed antenna with the textile substrate
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Fig. 8: Simulated return loss response for different values of thread radius
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Fig. 9: Simulated return loss responses of the modeled antenna for different textile material

The effect of using different textile materials as the
substrate on the antenna performance is studied by
examining nine textile materials. Figure 9 shows the
simulated return loss responses of the modeled antenna
for different textile material.

The results show that the lower band has been no
apparent change while for the upper band the resonant

frequencies have been shifted to the right. The best
results when satisfied for PET, denim and polyester.
The surface current distributions generated m the
antenna have been simulated at 0.952 and 2.5 GHz
as shown m Fig. 10 to get more msight into the EM
characteristics of the proposed antenna. As the
results of Fig. 10a implies, the resonance at 0.952 GHz
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Fig. 10: Simulated current distributions on the surface of the resulting dual-band antenna at; a) 0.952 GHz and b) 2.5 GHz
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Fig. 11: Sumulated far-field radiation patterns for the total electric field of the antenna shown n Fig. 5 at; a) 0.952 GHz and
b) 2.5 GHz

is attributed to the more extended surface current densities contained in the antenna structure with
path as compared with that at 2.5 GHz as shown in  relatively low current {lowing on their surfaces have a
Fig. 10b. slight effect on its performance. Figure 11 shows the

However, at both resonant frequencies at the edges,  simulated far-field radiation patterns for the total electric
small isolated conducting substructures with low current field in the X-Y plane, the X-Z plane and the Y-Z plane at
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Fig. 12: Simulated 3D directivity of the resulting dual-band antenna at; a) 0.952 GHz and b) 2.5 GHz

Table 3: Read range for Wunderlich curve antenna

Substrate type/Gain (AB)  Operating frequency (GHz)  Read range (m)
Conventional

1.274 0.952 12.780
2448 2.500 5217
Textile

1.214 0.952 12.760
2.704 2.700 4.900

the center frequencies of the two resonant bands of the
modeled antenna. As far as the radiation properties are
concerned, Fig. 12 shows the simulated three-dimensional
directivity radiation patterns of the resulting antenna. The
directivity at 0.952 GHz, the center frequency of the lower
band is 2.202 dBi as shown in Fig. 12a whereas the
directivity at 2.5 GHz the center frequency of the
upper band is 2.113 dBi as shown in Fig. 12b.

The calculated read ranges of the antenna printed on
a conventional and textile substrate are summarized in
Table 3. The reader’s output power 1s set to 4.0 W EIRP
and the threshold power required to turn on the NXP chip
(-17.5 dBm).

CONCLUSION

A new textile Wunderlich fractal dipole antenna 1s
constructed with the second iteration. This antenna is
modified utilizing the distribution of surface currents to
make this antenna operate in RFID frequencies at
0.952 and 2.5 GHz The proposed antenna 1s tested with
two forms of substrate materials; conventional and textile.
The performance of the proposed antenna is investigated
by considering the effect of thread density by sweeping
thread radius mm variation from 0.5-0.9 mm. Tt is found
that the density of the threads withun the substrate
antenna area decreased as the thread radius has been
reduced.
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