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Abstract

The article describes a new kind of textile transmission line which might be widely used,
among others, in smart clothing. This line consists of a textile substrate in the form of fab-
ric, sewn with paths made from electrically conductive fabric. The arrangement of electri-
cally conductive paths in the line proposed makes it easy to obtain the possibility of imped-
ance changes in a wide range of its values (potentially giving the possibility to obtain an
impedance equal to 50 Q), regardless of the type of fabric used as a substrate. The paper
presents examples of measurement results of characteristic impedance of the line affecting
its transmission properties. It also presents an impact study of the type of stitches fasten-
ing electrically conductive paths and the inaccurate creation of the line on the value of
the characteristic impedance. The studies presented are based on real measurements and
computer simulation using CST Studio software.
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I Introduction

Recent years have seen the rapid devel-
opment of smart materials applicable for
the construction of intelligent clothing.
Possible applications of such garments
are enormous, ranging from, for exam-
ple, the implementation of an mp3 player
or GSM phone to a garment and monitor-
ing systems of physiological parameters
that are applied to personal protection
systems against various types of threats,
and finally to application in medical sys-
tems (Figure ).

Textiles equipped with various sensors of
physiological parameters and radio sys-
tem for sending measurement data can
also be used to continuously monitor the
health of patients, also enabling continu-
ous medical supervision for people when
they are out of hospital. Numerous stud-
ies of the systems described above have

been carried out by a number of insti-
tutions around the world [2 - 6]. These
systems require numerous connections
between electronic modules, which in fu-
ture solutions will be made from textile
materials. For connections (lines) which
transmit digital signals at high frequen-
cies, such as data buses for future textile
computers (wearable computer) and feed
lines for high-frequency signal textile
antennas, it is important to know some
parameters characterising the properties
of the transmission line. One of these is
the value of the characteristic impedance
of the line, which must be matched (ie.
equal) to the impedance of the transmit-
ters and receivers of the systems transmit-
ting the signal. Otherwise the lack of the
impedance’s match will cause reflections
and distortions of the transmitted signal.
In extreme cases, this may result in a lack
of proper reception of the signal trans-
mitted by the line. The value of charac-

Figure 1. Example of intelligent wear for medical applications [1].
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Figure 2. New kind of textile transmission line [9].
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Figure 3. Sewing of electrically conductive paths [9].

teristic impedance of the textile transmis-
sion line depends on many factors, the
most important of which are the electric
permittivity of the substrate, the width of
electro-conductive paths, the mutual po-
sition of the electro-conductive paths and
the distances between these paths and the
substrate. Works described so far in lit-
erature [7, 8] have not led to the develop-
ment of a textile transmission line with a
small value of characteristic impedance,
for example equal to 50 Q. Generally
most of the values of impedance obtained
significantly exceed a value of 50 ohms
and can be only slightly changed by the
designer of the line. Actual technologi-
cal capabilities in textronics causes that
conventional electronic circuits are often
used in it. The development of a textile
transmission line in which we can easily
obtain impedance values adopted from
standard transmission systems (eg. 50,
75 ohm, etc.) is a key factor in the proper
transmission of signals with a wide fre-
quency spectrum, using commercially
available conventional systems for trans-
mitting and receiving, without the need
for additional matching circuits. As a
result of this work, such a line was de-
veloped and is described in this article.
The value of the impedance of the line
taken in the work presented is 50 ohms.
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The choice of this value was dictated by
the desire to use the proposed line not
only in high-speed transmission systems
of digital signals but also as an antenna
feed line often used in smart clothes.
The impedance of most antennas used in
smart clothing is 50 ohms, which is also
a standard value for inputs and cables in
systems for measuring the parameters of
transmission systems. This choice, there-
fore, also facilitated accurate measure-
ment of transmission parameters of the
line. Naturally the structure of the line
allows to obtain different impedance val-
ues in an easy way, as is required.

New kind of textile
transmission line

A view of the textile transmission line
proposed is shown in Figure 2.

This line consists of a signal path, sub-
strate and two ground paths placed on the
opposite side of the substrate. An elec-
trical, transmitted signal flows through
these paths. Ground paths are arranged at
a distance from each other. By changing
this distance, the characteristic imped-
ance of the line can be varied over a wide
range. The signal path and ground paths
are made from electro-conductive fabric

with a width of 5 mm. This width is a
compromise between the ability to make
a line of strict size and the possibility of
correct transmission of high frequency
signals. The substrate of the line is made
from a flat, non-conductive textile prod-
uct, for example from conventional fab-
ric. Because the characteristic impedance
of'the line depends on the degree of adhe-
sion to the substrate of electrically con-
ductive paths of lines, the way they are
sewn has a significant effect on its value.
Figure 3 shows the method of sewing of
electrically conductive paths proposed.

All electrically conductive paths are
sewn with a straight and zig-zag stitch.
It is important here that the needle while
sewing is not passed by both through
the signal and ground paths, which is
to ensure the avoidance of short circuits
caused by electro-conductive fibres torn
by the needle and dragged to the other
side of the substrate.

Measurements of new textile
transmission lines

In studies of transmission properties of
the line proposed, measurements of the
impedance profile were made. For imped-
ance profile measurement, a DSA8200
Digital Serial Analyser with Iconnect
software from Tektronix (USA) was
used. This software allows to obtain a so-
called true impedance profile, i.e. taking
into account the effect of multiple reflec-
tions in the line of the signal transmitted.
The profile impedance represents the
value of characteristic impedance of the
line as a function of the distance from the
beginning of the line. More information
about the measurement of the character-
istic impedance of the line can be found
in[10-12].

In order to make measurements, textile
transmission lines with a substrate from
different fabrics were made. Param-
eters of the exemplary fabric used as a
substrate are shown in Table 1. Electro-
conductive paths were made from fabric
named Ponge, from the firm Soliani (Ita-
ly). Basic characteristics of that fabric are
shown in Table 2. For more information
on electro-conductive textile materials,
see, for example, [13].

The appearance of the exemplary trans-
mission line analysed is shown in Fig-
ure 4, while its profile impedance is in
Figure 5.
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As can be seen from Figure 5, the val-
ue of characteristic impedance obtained
for a substantial part of the line reaches
50 Q. For the remaining sections of the
line, deviation from a value of 50 Q is
not significant, caused by the quality of
workmanship of the line. Similar results
of the characteristic impedance of the
line were obtained in the case of a line
on a substrate made from other fabrics
tested.

Investigation of the effect of
the build quality of the line on
the value of its characteristic
impedance

The implementation of textile transmis-
sion lines due to the flexibility of textile
materials used to make them poses many
difficulties. Lines intended to carry sig-
nals with a wide spectrum of frequency
or high frequency must be made with
great precision. Inaccuracies appearing
in the reproduction of the line geometry
can cause a significant deterioration in
its transmission properties. Therefore an
attempt was made to split possible inac-
curacies in the reproduction of the line
geometry and to assess their impact on
the transmission properties of the textile
transmission line.

Inaccuracies in the reproduction of the

line geometry can be divided into:
those caused by poor adhesion of elec-
tro-conductive paths to the substrate of
the line (a # 0, Figure 6 (see page 54),
ground paths position errors relative
to each other (error of the distance be-
tween them, ¢ # const., Figure 6),
position errors of the upper signal path
relative to ground paths (b # by, Fig-
ure 6).

To show the effects of poor adhesion of
the tracks on the value of characteristic
impedance of the line, measurements
were made for a line where the electrical-
ly conductive paths were sewn exclusive-
ly with a straight stitch. Then paths were
additionally sewn with a zig-zag stitch,
as shown in Figure 3. Impedance meas-
urement results are shown in Figure 7
(see page 54). As shown in this draw-
ing, appropriate sewing of paths ensures
their proper adhesion to the substrate and
decreases the line’s characteristic imped-
ance and unevenness of impedance.

This shows that errors caused by the poor
adhesion of electro-conductive paths to

FIBRES & TEXTILES in Eastern Europe 2015, Vol. 23, 2(110)

Table 1. Parameters of selected, exemplary fabric used as a substrate of the line.

Thickness, | Aerial mass, Density, thread/cm Rel?tl_vc_e Tangent of
Stuff | Weave 2 permittivity loss angle
mm g/m warp | weft | f=2MHz,- | f=2MHz,-

cotton | twill 0.62 287 30 19 1.825 0,049

Table 2. Parameters of electro-conductive fabric used to construct paths of the line

Thickness, mm
0.15

Weave, -
Plain

Conductivity, S/m
221100

Stuff, -
nickel metallised polyester

Figure 4. Example of the new kind of textile transmission line (top and bottom view).
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Figure 5. Example of a characteristic impedance profile of the new kind of textile transmis-

sion line.

the substrate are closely related to the
method of sewing, which means the type
of stitch used, its pitch, position etc. In-
sufficient fixing of paths to the substrate
results in the formation of air gaps be-
tween them and the substrate. Due to the
difficulty in measuring the differences
between the electro-conductive paths and
the substrate, in order to quantitively test
the effect of such errors, additional simu-

lations of the line were performed in CST
Studio software. CST Studio is software
for simulation of electromagnetic proper-
ties of any 3D model of electric circuits
and components including transmission
lines.Results of the simulation are shown
in Table 3 (see page 54).

Asymmetric sewing of the top central
signal path relative to ground paths de-
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Figure 6. Inaccuracies in the reproduction of line geometry (transverse cross-section).
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Figure 7. Impedance profile of the line with electro-conductive paths sewn with a straight
stitch only (without zig-zag stitch) and that of the line with paths sewn with straight and

zig-zag stitches (with zig-zag stitch)

creases the value of characteristic imped-
ance of the line (Table 3), while the poor
adhesion of electrically conductive paths
(the presence of an air gap between the
tracks and the ground) causes its increase
(Table 3).

Table 3. Effect of inaccuracies in the repro-
duction of the line geometry on its imped-
ance.

Line geometry Impg:;nce,
Asymmetry by — by, 0mm 50.4
(Figure 6) 1 mm 44.1
Air gap a, (Figure 6) 0 mm 504

0.2 mm 65.5

@ Conclusions

The new kind of textile transmission line
presented in the article allows to obtain
different values (including a value of 50
ohms or less) of characteristic imped-
ance, regardless of the type of fabric used
as the substrate of the line. This allows
to build a textile transmission line which
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can work correctly with a number of
conventional transmitting and receiving
devices or conventional radio antennas.
From the analysis of the impact of the
quality of implementation on the char-
acteristic impedance of the transmission
line, it can be seen that the relative po-
sition of the top signal path and ground
paths and their adhesion properties sig-
nificantly affect the value of characteris-
tic impedance. Therefore the speed of the
top and bottom feeds in the sewing ma-
chine during the sewing process should
be strictly controlled to avoid stretching
of sewn parts and to ensure good adhe-
sion between electro-conductive paths
and the substrate. The studies described
showed the possibility of implementation
of a textile line with characteristic imped-
ance, enabling a proper match of the line
with conventional transmission devices.

o

References

1.

10.

1.

12.

13.

Li L. et all, Design of Intelligent Garment
with Transcutaneous Electrical Nerve
Stimulation Function Based on the Intar-
sia Knitting Technique. Textile Research
Journal 2010; 80, 3: 279-286.

. Locher |, Kirstein T, Troster G. Routing

Methods Adapted to e-Textiles. In: 37th
Int. Symp. Microelectron., 2004.

. Chedid M, et. al. Experimental analysis

and modeling of textile transmission line
for wearable applications. International
Journal of Clothing Science and Tech-
nology 2007; 19, 1: 59-71.

. Karaguzel B, et. al. Flexible, durable

printed electrical circuits. The Journal of
The Textile Institute 2009; 100, 1: 1-9.

. PostE, et. al. E-boidery: Design and fab-

rication of textile-based computing. IBM
Systems Journal 2000; 39: 840+860.

. Jayoung Cho, et. al. Design and Evalu-

ation of Textile-Based Signal Transmis-
sion Lines and Keypads for Smart Wear.
Human-Computer Interaction 2007; Part
I, HCII, LNCS 4551: 1078+1085.

. Cottet D, et. al. Electrical Characteriza-

tion of Textile Transmission Lines. IEEE
Transactions on Advanced Packaging
2003; 26, 2: 182-190.

. Tokarska M, Lesnikowski J. Modelling of

selected properties of textile transmis-
sion lines using neural networks. Textile
Research Journal 2014; 84, 3: 290-302.

. Lesnikowski J. Textile signal line de-

signed to transmit electrical signals es-
pecially in textiles. Patent Application
20.11.2012, no. P.401679.

Les$nikowski J. Research of properties
of the sewn textile signal line. Przeglad
Elektrotechniczny 2013; 03a/2013.
Les$nikowski J. The stand for measur-
ing of the selected electrical param-
eters of the transmission line. Pomi-
ary Automatyka Kontrola 2010; 56, 9:
1085-1088.
Lesnikowski J. Textile Transmission
Lines in the Modern Textronic Clothes.
Fibres & Textiles in Eastern Europe
2011; 19, 6 (89): 89-93.

Zigba J, Frydrysiak M, Tokarska M. Re-
search of Textile Electrodes for Electro-
theraphy. Fibres & Textiles in Eastern
Europe 2011; 19, 5 (88): 70-74.

Received 05.07.2014 Reviewed 03.09.2014

FIBRES & TEXTILES in Eastern Europe 2015, Vol. 23, 2(110)



