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Abstract: In this paper, the authors describe the distribu-
tion of temperatures around electroconductive pathways
created by a physical vacuum deposition process on flex-
ible textile substrates used in elastic electronics and tex-
tronics. Cordura material was chosen as the substrate. Sil-
ver with 99.99% purity was used as the deposited metal.
This research was based on thermographic photographs
of the produced samples. Analysis of the temperature field
around the electroconductive layer was carried out using
Image ThermaBase EU software. The analysis of the tem-
perature distribution highlights the software’s usefulness
in determining the homogeneity of the createdmetal layer.
Higher local temperatures and non-uniform distributions
at the same time can negatively influence the work of the
textronic system.
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1 Introduction
Elastic electronics, or textronics, rely on even current
distribution to function effectively. The current must be
evenly distributed throughout the entire surface element
of the textronic system, as in the case of sensors [1, 2]. Tem-
perature and temperature differences can affect the way
the element works. Distortions to the current may result in
the formation of hot spots or a decrease in the efficiency of
the system [3, 4]. As in other areas of science,whendesign-
ing an electronic systems on flexible substrates, optimiza-
tion should be sought [5–7]. It is also important to take into
account construction solutions in which the formed pas-
sive components do not adversely affect other nearby sys-
tem components by their heating. It is important that the
elements should not change their electrophysical prop-
erties through their own heating beyond the acceptable
range.

The analysis of temperature distribution in circuits
where temperature has a key influence on their function-
ing [8, 9], as well as in the vicinity of electrical-conductive
paths, allows for proper selection of optimal working
conditions for created systems. Such analysis allows for
proper calculationof theheat balance of the electronic sys-
tem. High temperatures cause changes in electrophysical
properties of the systems by reducing the ampacity of con-
ductive materials and gradually deteriorating the proper-
ties of the insulating materials. Thermal tests allow eval-
uation of the effectiveness of the adopted construction so-
lutions. By using a temperature field analysis around the
textronics or elastic electronic components, critical points
of the electronic system may be indicated. They are spots
or areas susceptible to damage or potentially introducing
disturbances to the system.

Thermography as a non-invasive method of surface
quality evaluation can be used in different fields of en-
gineering i.e. for detecting surface cracks in welds [10,
11] or in concrete structures [12], identifying defects [13–
15], determining the quality of ceramics [16], and also in
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medicine [17]. From this point of view, the analysis of tem-
perature distribution is important for the application of
thin-layer electronic structures in medical applications.

2 Experimental set
The temperature distribution analysis was carried out tak-
ing into consideration the electroconductive paths created
on a flexible composite substrate, Cordura. Cordura is a
textile material made of nylon threads coated on one side
with polyurethane foil. The surfacemass of thismaterial is
195 g/m2. Due to its high resistance tomechanical damage,
Cordura is used to make products in which these qualities
are of great importance, for example in sports shoes ormil-
itary clothing.

The electroconductive path structures were produced
using a PVD vacuum deposition process; silver with
99.99% purity was used as the deposited metal and was
evaporated from tungsten boats. The thickness of the de-
posited layer measured in the indirect method was about
250 nm. Test samples of 50 mm in length and 3 mm in
width were prepared. The geometrical structure of the cre-
ated samples is shown in Figure 1. The current source
was connected to the external current electrodes. Inter-
nal voltage electrodes were used to measure the voltage
drop and finally to determine the resistance of the sample
with a four-probemethod [18]; in these cases the resistance
equaled less than 1 Ω.

Figure 1: Geometry and dimensions of the test structure created in
PVD process on textile substrates

The tested samples were connected to a DC source
with a set output value of 200mA. The ambient temper-
ature was 23∘C. After a set time of 10 minutes, when the
temperature of the sample was stabilized, images were
taken using a FLIR T650sc thermal camera. The analysis
of the thermographs wasmade on the basis of Image Ther-
maBaseEU software developedby authors for temperature
distribution analysis [19]. The program is used to acquire,
process and collect thermographs obtained during mea-
surements with thermal imaging cameras. The software
was based on Power Designer 7.5 CASE and RAD / Delphi

Figure 2: The thermograph of the electroconductive thin-film struc-
ture. (Temperatures measured in ∘C

from Borland Delphi 5. Sybase SQL Anywhere 6 was used
as a database engine.

3 Results of experiments
An exemplary thermograph of a thin-layer structure and
space around the electroconductive layer is shown in Fig-
ure 2.

Figure 3 shows the spatial temperature distribution
around the created silver layer connected to the current
source at the time of reaching the stable temperature of the
entire system.

The temperature distribution along the line through
the central part of the electroconductive element (shown
in Figure 2 as the cross section A-A) is shown in Figure 4a,
and along line B-B is shown in Figure 4b. The A-A line was
divided into 150 measurement points and the B-B line into
47 measurement points. The temperature of the structure
was determined at each of these points and the collected
data are presented in Figure 4. The analysis of the graphs
allows estimationof the linear temperature distributionon
the surface along and across the electroconductive path.

The graph analysis (Figure 4a) shows that the temper-
ature changes fromabout 30∘C to 41∘C along the layer, and
the local temperature increase is most likely due to inho-
mogeneity of the thin structure created in the vacuum de-
position process or the unevenness of the substrate. The
microscopic image of the composite material which was
used as the surface is shown in Figure 5. This image was
made with 1500x magnification using a SEM Hitachi S-
4200 electronic scanning microscope.
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Figure 3: The spatial temperature distribution in the area around the
formed thin layer structure

The features described above cause differences in the
recorded temperatures measured along one line (e.g. line
A-A in Figure 2), where the current density should be
nearly uniform. It is impossible to obtain exact informa-
tion about the temperature distribution only by analysing
the thermographs and observing differences in colours.
The Image ThermaBase EU software with temperature
field analysis is helpful during this kind of study.

Figure 4b shows the temperature distribution across
the analyzed structure (line B-B in Figure 2) taking into ac-
count the area in the nearest neighborhood of the exam-
ined layer. The graph shows that the area near the electro-
conductive layer is the most heated, and the temperature
there is up to 80∘C, while the average surface temperature
of the metallic layer does not exceed 40∘C.

This is the effect of heat dissipation from the top layer
of the heating structure. The differences in warming are
influenced by a number of factors, such as the flow of
air around the analyzed structure caused by both forced
and natural convection, and the phenomena of conduc-
tion and heat radiation. For a circuit with more complex
geometric arrangements, where a large number of elec-
tronic components are accumulated on a small area, simi-
lar temperature field analysis is recommended because of
the local overheating and additive character of the gener-
ated heat.

Image made with the scanning electron microscope
(magnification 1500x).

(a)

(b)

Figure 4: Graph of the temperature distributions a) along and b)
across the thin layer sample

Analysis of the temperature distribution over the
metal surface can help to determine the quality of the cre-
ated layer. Greater irregularity in the temperature distri-
bution indicates a greater number of structural defects in
themetallic coating. Due to introduced disturbances in the
transport of electrical charges, such defects have a signifi-
cant influence on the amount of heat generated and trans-
ported in the structure.

The temperature distribution, in the form of isotherms
and temperature gradients, is presented in Figure 6. These
graphs show the distribution of heat in the composite sub-
strate.

The temperature distribution, which is shown in the
form of isotherms in Figure 6, shows that the substrate is
heated evenly by heat dissipation from the metallic struc-
ture. This confirms the role of the substrate in the heat
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Figure 5: A microscope image of the Ag layer deposited on a Cordura
composite material substrate

(a)

(b)

Figure 6: Gradients of temperature and isotherms in the area
around a) the electroconductive path b) around the current elec-
trode

transfer process. Cordura, made of two polymeric layers,
has a thickness of about 500 µm, and its heat capacity is
much higher than that of the applied metal. This has an
effect on the uniform distribution of temperature around
the resulting metallic structure.

The electroconductive path formed on the polyamide-
polyurethane layer in the upper part of the Cordura is

cooled by passing heat to the surrounding air, while cool-
ing in the lower part occurs by transmission of heat
to the substrate. Because of the significant differences
in the thermal conductivity of silver (419 W/K·m) [20],
polyurethane (0.035W/K·m) and air (0.025W/K·m) [21, 22],
cooling of the metallic layer is much faster than the heat
transfer from the polyurethane substrate. Propagation of
heat occurs radically and evenly from the electroconduc-
tive path. No excessive heating of the current electrodes is
observed (Figure 6b). Analysis of thermographs can also
help in detection of structure defects.

4 Conclusion
The paper presents the results of an analysis of temper-
ature distribution around electroconductive metal paths
created by a PVD process on a composite textile substrate.
From surface analysis of temperature distribution, arming
occurs due to heat conduction from a thin metal layer as
the result of the different conductivity values of the sub-
strate, the applied metal and the air heat capacity.

In the observed thermographs, heterogeneities in
emissions and heat transfer can be observed. The differ-
ences in heat dissipation are the result of lots of microc-
racks in the metallic layer. Because of non-uniform heat-
ing, the structuremay be susceptible to damage as a result
of its local overheating, which can consequently cause ac-
celerated aging of components made on the basis of such
layers. For medical applications it is important to take into
account the fact that heterogeneity of heat emission can
lead to micro burns, so the maximum temperature values
on the surface of the layer should be considered. Because
the heat emission will have to be limited by the maximum
temperature values, the total efficiency will be lower than
would be expected from a more homogeneous structure.
Such structures create opportunities which are difficult to
achieve by other methods, but it is also advisable to con-
tinue work to improve the quality of structures because of
the need to improve homogeneous heating.

Due to the good heat dissipation from the substrate
causing a rapid drop in temperature, the structures made
on the Cordura substrate can be used in applications
where a precisely located heat source is required [23]. Tex-
tronics elements can be created close together on this type
of substrate, without heating each other. The presented
textronic structures can also be used in any application
requiring precise and complex heating structures such as
electronic components.
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