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Abstract: A band stop filter developed on a denim textile substrate is presented. The filter geometry is composed of interconnected half-wave-
length parallel coupled resonators, in a novel microstrip filter configuration. Simulated results were obtained through the wave concept iterative
method and Ansoft Designer software, for comparison purposes. In addition, prototypes were fabricated and measured for validating the simu-
lation results. Good agreement is reported between simulated and measured results.
Fig. 1 Layout of the band stop filter with interconnected parallel coupled
resonators
1 Introduction

Recently, remarkable interest has been observed in the development
of new filter configurations related to the increasing use of the elec-
tromagnetic spectrum by emerging telecommunication technologies.
Similarly, the use of flexible materials for the development of planar
circuits such as filters and antennas is one of the most desired and
studied topics. Specifically, the substrate flexibility offered by poly-
mers and textile materials provides new planar circuit applications,
including those on curved or irregular surface structures, which
were not allowed by typical microwave substrate materials.
Therefore, the development of ceramic and flexible materials and
applications has been investigated by many researchers [1–3].
The increasing interest in the development of flexible, compact,

low cost and low weight devices led to a new line of research of
great importance focused on the study and development of textile
material substrates, to be used in the development of microwave cir-
cuits. Specifically, flexible microwave circuits such as antennas,
filters and frequency selective surface are required for several appli-
cations in sensing, imaging, security, radar, biomedical and tele-
communication systems [3–5].
Thereafter, these textile circuit structures exhibit other advan-

tages besides the aforementioned compared with conventionally
used materials such as softness, high pressure resistance, high flexi-
bility without suffering fatigue, as well as ease of integration into
clothing for biomedical and military use to provide on-/off-body
communications.
Fabrics are planar fibrous materials whose properties are deter-

mined mainly by the properties of the fibres they contain and by
the arrangement of the wires. Fibres are constantly exchanging
water molecules with the environment, which affects their morph-
ology and properties. All these characteristics affect the performance
of microwave circuit on textile substrates and are in some way diffi-
cult to take into account in communication system applications.
Particularly, the characteristics of the fabric materials are essential

for the good performance of textile planar microwave transmission
lines and circuits. In fact, the relative permittivity and thickness of
the textile substrate essentially determine important microstrip
circuit performance parameters such as resonant frequency, band-
width (BW) and efficiency. Basically, the electromagnetic properties
of dielectric materials depend on their electric permittivity, ε, mag-
netic permeability, μ and loss tangent, tan δ [6, 7].
Usually, the electromagnetic characterisation of dielectric materials

is realised using coaxial probe, transmission line, free space, resonant
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cavity and parallel plates’measurements [8]. In each case, a sample of
the dielectric material must be prepared according to the specification
of the equipment to be used in the measurement setup.

In this study, the characterisation of the textile substrate was per-
formed through the transmission line method. Specifically, textile
dielectric constant and loss tangent were determined using a
vector network analyser (R&SZBV14), a rectangular waveguide
(WR90) feeder (where the sample is inserted) and the
MaterialSW software.

The filter analysis and design were realised using the wave
concept iterative method (WCIP) method following the steps
described in [5, 6]. Additionally, prototypes were fabricated and
measured and Ansoft Designer simulated results were obtained
for validation and comparison purposes. Consistency between
simulation and measurement results is observed.

2 Filter structure

A denim textile substrate was used in the analysis and development
of the filter structure composed of interconnected half-wavelength
parallel coupled resonators, unlike the traditional geometries of par-
allel coupled resonators [9, 10]. The denim textile substrate main
parameters (according to the performed characterisation) are sub-
strate thickness, h = 1.1 mm, relative permittivity, ɛr = 1.92 and
loss tangent, tan δ = 0.074. The filter was manufactured with pure
copper polyester taffeta fabric woven from pure copper, highly con-
ductive, flexible and lightweight, having a thickness of 0.08 mm
and a surface resistance of 0.05 Ω/sq. Measurements were carried
out using a vector network analyser R&SZBV14.

Fig. 1 shows the layout and dimensions of the band stop filter
with interconnected parallel coupled resonators. Fig. 2 shows the
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Table 1 Performance results for the band stop filter on textile substrate
with interconnected parallel coupled resonators

Filter parameters fl, GHz fh, GHz BW, GHz

Ansoft DesignerTM 2.88 4.27 1.39
WCIP 3.12 4.12 1
measured 2.96 4.31 1.35

Fig. 2 Front view (top) and back view (bottom) photographs of the band
stop filter prototype with interconnected parallel coupled resonators
front view (top) and back view (bottom) photographs of the filter
prototype.
3 Results

Fig. 3 shows simulated and measured transmission coefficient and
reflection coefficient results for the filter with interconnected paral-
lel coupled resonators. Simulated results were calculated using the
WCIP method [5]. In addition, measured and Ansoft Designer
results are presented for comparison purposes. A good agreement
is observed validating the analysis realised using the WCIP method.

Table 1 shows simulated and measured results for the band stop
filter lower frequency, fl, higher frequency, fh and BW, for both
−20 dB transmission coefficient (s21) and −3 dB reflection coeffi-
cient (s11) references levels. Particularly, an excellent filtering per-
formance was obtained for the frequency range from 3 to 4.1 GHz.
4 Conclusion

A microstrip filter composed of interconnected parallel coupled
half-wavelength resonators printed on a textile substrate was
designed and fabricated. Specifically, small microstrip line elements
were used to interconnect the parallel coupled resonators, unlike
traditional filter designs based on parallel coupled resonators.
Agreement and excellent simulated and measured results were
obtained. It was observed that the use of textile substrates allows
the development of flexible, compact, low weight, easily manufac-
tured and inexpensive band stop filters for the frequency range from
3 to 4.1 GHz. Future works will be focused on the development of
flexible filters using different textile materials on curved
geometries.
Fig. 3 Transmission coefficient and reflection coefficient frequency responses for
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