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Abstract  This paper investigates the possibility to use flexib le thermal conductive materials for cooling tasks in 
electronics. Traditional circuit boards are stiff and therefore, they are not perfect solutions for utilization in wearable 
applications. We have tested 13 flexible heat sink materials for their heat conductivity and heat dissipation properties by 
heating them with a constant power and measuring the temperature the heating element reached. A Field Effect Transistor 
(FET) was utilised as a heating element and it was fed by a constant power from a laboratory power source. The FET was 
fastened onto the tested heat sink material with thermally conductive adhesive. Temperatures of the FET and the heat sink 
material were measured with a mult imeter and with a thermal imaging camera. According to the results, the heat conduction 
depended on the amount of metal in  the tested material. The materials containing a great deal of metal conducted heat well 
whereas conductive fabrics, in which the amount of metal is substantially less than with other tested materials, were not able 
to perform the effective heat transfer. The structure of the test sample as well as thermal conductivity of fastening materials 
also affects the results.  
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1. Introduction 
We carry different kinds of electronic devices with us 

embedded in pockets or integrated permanently into clothing 
or accessories. Due to the development of the electronics 
integration and min iaturization techniques it is also possible 
to add conductive yarns, fibres or routes as well as electronic 
components into the clothing so that added parts are almost 
unnoticeable by wearers. Textiles and clothing provide large 
surfaces for electronics p lacements and therefore clothes 
form a natural platfo rm for different electronic components. 
In addition, text iles are light-weight, flexib le, low-priced, 
and their manufacturing techniques are well known. 
Combination of text iles and electronics i.e. textile  electronics 
can be utilised e.g. in various healthcare applications to 
monitor patients in real time or during sport activities to 
measure performance of athletes. For these kinds of 
applications small size and lightweight of electronics as well 
as unobtrusiveness are evident requirements.   

The most typical components to be integrated to the 
clothing, accessories, or environments are obviously 
different kinds of sensors as well as user interface 
components[1],[2]. The integration to the textile or clothing 
can be done in a thread level[3], in a fabric level (e.g. textile  
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based buttons and keyboards[4]), or electronic components 
could be fastened to the surface of text iles (e.g. motion 
sensors[5] and biomonitoring[6]). Light Emitting Diodes 
(LEDs) are also generally utilised in electronics and in 
wearable applications to illustrate the functionality of the 
components or devices[7].  

Recently LED technology has rapidly developed and 
LED’s luminous efficiency has increased. Therefore, LEDs 
are also widely utilized for lightning purposes e.g. indoors, 
outdoors, in cars, d isplays and torches[8]. LEDs have 
replaced light bulbs due to their properties of small size, 
durability, and energy efficiency. These properties also make 
their utilization in wearable electronics beneficial. At the 
moment LED products are one of the fastest growing areas in 
electric and electronics components and devices. Therefore, 
in the near future we expect LEDs to be integrated in the 
clothing and accessories for lightning purposes for several 
working areas, such as electricians and miners. 

Even tough, wearab le applications have been researched 
for several years; there are still many  challenges to overcome. 
Firstly, combin ing of soft and flexible text iles and hard and 
stiff electronics in unobtrusive and comfortable ways is a 
demanding task. Secondly, water resistance and moisture 
proofing as well as washing properties of electronics need to 
be considered. Typically clothing, accessories, and textiles 
can be washed whereas electronics does not endure water or 
washing without additional treatments. Third ly, a significant 
challenge has become topical together with the utilisation of 
power LEDs. In general, all electronic components generate 
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heat and in a case of power LEDs this may affect the wearing 
comfort of the clothing or in the worst case the component 
itself may be destroyed.  

Heat transfer also in clothing environment can happen in a 
three different ways, which are conduction, radiation and 
convection[8]. In a case of LEDs, the most of heat conducts 
through the base of the LED to the surrounding material and 
only a small amount of heat radiates directly to the 
environment. In traditional electronics different kinds of heat 
sink materials and methods can be utilised when the heat 
transfer away from the electronics is not efficient enough. 
Copper and pass throughs in circuit boards, aluminium 
cooling profiles, and different  kinds of cooling fans are 
examples of these. If the temperature difference is high 
between the component or the material and the environment 
the more efficient cooling will be needed. High temperatures 
can e.g. raise power consumption and material or interface 
faults may increase[9]. To effect ively conduct heat away 
from LEDs the heat sink material should be placed directly 
below the component. The conduction of heat across the 
interface depends on the various factors such as the geometry 
of the surface, the coefficient of thermal expansion, and the 
thermal conductivity of the interface material[9].  

In this work, different kinds of thermally  conductive 
materials, which could  be potentially  utilised for electronics 
heat sinks, were selected and their suitability for cooling 
tasks were tested. In addition, we paid attention to ways to 
enable the effect ive heat transfer. The requirements for heat 
sink materials were thinness, flexibility, and good thermal 
conductivity. Thin and flexible materials enable their use in 
garments and like garments. Therefore, these are the evident 
requirements for wearable applications. Traditional heat sink 
elements utilised in electronics are not suitable due their 
large size and stiffness. Thermal conductivity tells how well 
materials can conduct heat in W/mK. Typically, metals have 
good thermal conductivity properties whereas for tradit ional 
text iles thermal conductivity is quite poor. Thermal 
conductivities for common materials utilized  in  electronics 
and textiles are presented in Table 1. The reason for the 
research came up from the power LED applicat ions. 
However, for cost reasons we replaced LEDs with FETs. 

Table 1.  Thermal Conductivities of Materials.[9][10] 

Material Thermal conductivity (W/mK) 

Copper 395 

Aluminum 156 

Water 0,59 

FR4 0,30 

Nylon 0,24 

Wool 0,07 

Air 0,024 

The paper is organized as follows. Tested materials and 
test methods are introduced in Sect ion II. In Section III 

analysed results are presented and finally, in Section IV main 
conclusions are drawn. 

2. Methods 
Samples of different materials were tested for their heat 

conductivity and heat dissipation properties by heating them 
with constant power and measuring the temperature the 
heating element reached.  

2.1. Tested Materials 

The tested materials are div ided in four d ifferent 
categories: planar samples, a  cable, tinned copper wires, 
and electrically conductive fabrics.  

2.1.1. Planar Samples 

Tested planar samples, their thermal conductivities and 
the thickness of samples are illustrated in Table 2. Thermal 
conductivity between materials varies a lot as can be seen 
from Table 2. The thickness of samples varies between 
0,10mm to  0,30mm. Silver and gold, which are also utilised 
in various textile electronics applications and in advanced 
connection technologies would also have good thermal 
properties, but they are expensive.  

2.1.2. Cab le 

The cable material; sample G; is tinned copper wires. 
The properties of this material sample are illustrated in 
Table 3. The material was chosen, due to its flexibility and 
stretchability. These cables are typically used e.g. for cars 
grounding[11]. 

2.1.3. Tinned Copper Yarn 

The material samples H to K in Table 4 are made of 
copper filaments, which have been removed from electric 
wires[12]. In  these samples the material is the same for all 
cases, and only the structure of the sample varies, e.g. the 
thickness is depending on the manufacturing process. 
Shapes of these samples can be modified for the purpose of 
use. Therefore, they are good choices for the text ile 
electronics applications.  In addition of flexibility, these 
structures can also be made stretchable. The thermal 
conductivity of these materials has been estimated 
according to different sources. 

2.1.4. Electrically Conductive Fabrics 

Electrically conductive fabric material samples L and M 
are presented in Table 5. The sample L is weaved and 
industrially produced (thin and planar) and the sample M is 
knitted utilising a conductive soft yarn. Thickness varies 
between 0,10 - 0,50 mm. These materials were chosen due to 
their thinness, fabric-likeliness, and the unlimited shape of 
the material. The samples included metals and they could 
also be utilised for ESD protection 
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Table 2.  Planar Samples 

Material Thermal conductivity Thickness 

 
A (copper) 

395 W/mK 
 0,15 mm 

 
B (copper tape) 

395 W/mK (*) 
 0,10 mm 

 
C (aluminium) 

237 W/mK 0,30 mm 

 
D (brass) 

100 W/mK (*) 
 0,20 mm 

 
E (flexible printed 

board) 

0,5 W/mK(*) 
 0,10 mm 

 
F (tape 3M) 

0,8 W/mK 
 0,10 mm 

Table 3.  Cable 

Material Thermal conductivity Thickness 

 
G (tinned copper wire) 

67 W/mK (*) 
 1,75 mm 

Table 4.  Tinned Copper Yarn 

Material Thermal conductivity Thickness 

 
H(weaved structure) 

67 W/mK (*) 
 1,40 mm 

 
I (crochet structure) 

67 W/mK (*) 
 1,90 mm 

 
J (fibres) 

67 W/mK (*) 
 0,50 mm 

 
K (strands) 

67 W/mK (*) 
 0,60 mm 

Table 5.  Conductive Fabrics 

Material Thermal conductivity Thickness 

 
L (conductive fabric, 
Nylon ripstop fabric 
coated with copper 

over silver)[13] 

- 0,10 mm 

 
M (conductive knitted 

fabric, silver plated 
nylon)[14] 

- 0,50 mm 

(*) thermal conductivity is estimated. 

2.2. Test Samples Heating  

Test samples were 5 cm * 7 cm in size and the utilised 
heating element was the FET model IRF620. The FET was 
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attached to the test material samples in a same way in every 
case utilising thermally conductive oxime cure (RTV), 
which thermal conductivity is 1,8 W/mK and the operating 
temperature range is form -50°C to +230°C[15]. Contacts 
were ready in 20 hours. The utilised RTV was flexib le also 
after drying. Test sample I is presented in Figure 1.  

 
Figure 1.  Test sample (I) and thermal imaging camera picture 

The material samples were two at a time connected to an 
operating amplifier circuit  that regulated the current through 
the FETs. The voltage over the FETs was set to a constant 
value from the laboratory power supply feeding the circuit. 
Therefore, constant power was driven to the FETs and 
dissipated as heat in them. The two outputs of the operational 
amplifier circuit were measured to ensure that they gave 
equal currents i.e. the offset voltages of the amplifiers were 
not causing significant difference to the heating power of the 
individual outputs. In all measurements the power output 
was the same: 0,85 W. W ith this power the surface 
temperature of the FETs rose to about 80°C when there was 
no heating element attached. The samples were placed 
horizontally on a styrofoam plate and the tests were 
performed in normal indoor conditions (still air, temperature 
around 22°C). Stabilization time was 15 minutes in every 
temperature measurement. Measurement setup is illustrated 
in Figure 2. 

 
Figure 2.  Measurement with thermal imaging camera 

Temperature measurements were taken with a PT100 
thermocouple attached to a multimeter and with a thermal 
imaging camera. Temperature read ings were taken with the 
multimeter by touching the tip of a PT100 thermocouple 
wire on top of the FET and several points around it on the 
heat dissipating material. Reference measurement was made 
without any material, only the FET component was heated.  

The first measurements were made with a thermal imaging 
camera, since we were interested to see how the heat is 
distributed on the fabric. However, almost all tested 
materials are metallic and they reflected thermal radiation 
from the surroundings. Therefore, pictures did not give 
reliable results. Due to th is we made measurements with a 
multimeter and with a thermal imaging camera. These two 
measurement systems are d issimilar. The multimeter 
measure temperature from the surface of the material and the 
thermal imaging camera measures temperature radiation 
from the surface. For comparison we used the numerical 
values of the thermal imaging camera. 

3. Results and Analysis 
3.1. Component Temperatures with two Different 

Methods  

Figure 3 presents the results of the tested materials (A-M). 
The left column (of the pair) is the temperature of the FET 
component with the thermal imaging camera and the right 
column is the temperature of the FET component with the 
multimeter. The last measurement is the reference (ref) 
measurement and it has been made without any heat sink 
materials, only the component on the surface of the 
styrofoam plate has been heated. Separate material groups 
are shown with different colours. 
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Figure 3.  Thermal imaging camera (left  bar) and multimeter (right bar) 

Differences between material samples A-K are small. 
However, the values are clearly lower than in the reference 
measurement, which indicates that heat sink materials have 
worked. In thermal imaging camera measurements, the 
highest result was 56,7°C (material G), the lowest results 
was 43,3°C (H) and the reference was 79°C. The 
measurement results with the multimeter are lower than with 
the thermal imaging camera and the highest result was 
43,1°C (J), the lowest result was 34,7°C (H), and the 
reference measurement result was 57,2°C. Figure 4 shows 
the standard deviation of measurements. The standard 
deviation is smaller in multimeter measurements than with 
thermal imaging camera measurements varying between 
0,3-1,9°C (samples A-K). Samples L and M have quite high 
standard deviation.   

 
Figure 4.  Thermal imaging camera (left  bar) and multimeter (right bar) 

To be able to analyse the results with the same scale the 
correction coefficient was utilized according to Equation 1. 
The correction coefficient is defined as the average of the 
temperature measurement relat ions between multimeter 
measurements and thermal imaging camera measurements. 

                 (1) 

Tmm = temperature of multimeter 

Ttc = temperature of thermal imaging camera 
n = number of samples 

 
Figure 5.  Thermal imaging camera (left  bar) and multimeter (right bar) 

Generally the trend in results is the same kind with and 
without the utilisation of the correction coefficient. The 
results of the samples A-F are qu ite similar, even though 
thermal conductivities of the utilized samples vary. Samples 
H-K are made with the same material and only their 
structures are dissimilar. According  to Figure 5 temperature 
values vary and therefore, the structure clearly affects the 
results. The best result i.e. the lowest temperature of the 
component was when utilized the test sample H. The highest 
temperature was in the sample J, in  which conductive fibres 
are utilised without any weaving  or knitt ing technique and 
fibres are just put close to each other. In this case the 
temperature of the component is high and the heat is not 
transferred effectively between the fibres. The lowest 
temperature was in sample H. Heat is conducted well along 
the yarns and actually, the temperature values are lower than 
in samples A-G. Due to these we can conclude that a yarn 
conducts heat better than a fibre. Yarns have more metallic  in 
them and therefore, they have better thermal conduction 
properties than fibres have. The yarn structure in the sample 
H was loose and there are holes between separate yarns. 
These holes provide space for heat convection. 

Our hypothesis was that conductive fabrics (materials L 
and M) are very potential choices for thermal conductive 
materials. They are thin and flexible and due to the added 
metal fibres they should have a better thermal conductivity 
than the plain text ile . In addition, they can be made to almost 
any desired shapes. However, the results show that the heat 
of components is almost as high as without conductive 
material heat sink. Therefore, we can conclude that 
conductive fabrics can be used in cases like electric wires, 
but for cooling purposes those materials include insufficient 
amount of metals.  

Based on these results, heat transfers to the heat sink 
material, when the material contains metal. Conductive 
fabrics included metal parts, but these materials have 
insufficient contact and dissipation area. Differences 
between the thermal imaging camera and the multimeter 
results depend on different ways to measure temperatures. 
The multimeter measures the surface temperature while the 
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thermal imaging camera measures thermal rad iation of the 
surface.  

Inconsistency of the thermal coupling between the tip and 
the material being measured may have caused significant 
variations in the recorded results. It was tried to minimize by 
repeating the each measurement three times. The absolute 
values of the measurements with the thermal imaging camera 
may not be reliable either. However, they should be 
consistent with each other because the same kind of heat 
dissipating component was used on each measured sample 
and the recorded temperature was taken on top of it. The 
material of the FETs’ case is p lastic which should not cause 
significant reflections on infrared wavelengths to distort the 
results. For comparing the properties of heat dissipating 
samples, however, the thermal images were not very useful 
since most of the materials were metallic and reflected 
thermal radiat ion from the surroundings rather than showed 
the temperature gradients on their surface. 

3.2. Temperatures of Components and Materials 

These measurements were made with a multimeter. 
Temperatures are measured from the topside of the FET and 
from the surface of the test material (on d ifferent part). 
Results are presented in Figure 6. The left  column (of the pair) 
shows the temperature o f the component and the right 
column shows the temperature of the material. 

The highest measured temperature in the component 
measurement was 43,1°C (material J) and the lowest 
temperature was 34,8°C (material H). In the material 
temperature the highest results was 50,5°C (material J) and 
the lowest temperature was 35,1°C (material F).  

Materials A-F has quite small temperature differences 
between the component and the material temperatures. In 
samples G and J temperatures are quite similar and the 
material temperature is h igh when compared to the 
component temperature. In both cases there is a large surface 
area between the component and the sample. The results of 
the materials L and M shows that these heat sink materials do 
not conduct heat effectively.  

The best heat emission is on the material sample, which 
have the lowest component and the material temperatures. 
Thermal conductivity even in  these results seem to be 
irrelevant. Based on the results the material H has the best 
heat conduction properties. This is due to the facts that yarns 
have good thermal conductivities and the structure is 
reticulate and straight. In addition, a yarn is consisted of 
filaments, which  have large surface areas to enable heat 
emission and to provide a good contact between the 
component and the material. 

 
Figure 6.  Temperatures of component (Left bar) and material (Right bar) 

3.3. Conductive Glue vs Thermally Conductive Oxime 
Cure 

All previous measurements have been made ut ilising 
conductive mass RTV to fasten the component to the 
material. In this measurement RTV mass and conductive 
glue (thermally conductive adhesive Thermopox) has been 
compared. Thermal conductivity for the glue is 7 W/mK and 
the connection is ready in 24 hours[16].  

On the left side of bars in Figure 7 are illustrated 
temperatures utilising glue and on the right side are 
temperatures utilising RTV. The measurement has been 
made by measuring the temperature of the FET with thermal 
imaging camera.   

According, to the results in Figure 7 thermal conductive 
glue is better connection material than RTV mass when 
thermal properties are considered. The results were as 
expected because the glue had better reported thermal 
conductivity than RTV mass had (thermal conductivity 1.8 
W/mK) and thermal conductivity of fastening medium affect 
the results. If the values of thermal conductivity of fastening 
materials are low, heat will not transfer effectively across the 
interface. Also, the air bubbles in the interface material 
prevent the heat transfer to the other material.  

We have been looking for a flexib le fastening material, 
which have a good thermal conductivity. Thermal 
conductive glue has better measurement results, but it  is rig id 
after drying. Whereas RTV mass is flexib le, but temperature 
is higher in the measurements. The interface between the 
material and the component has the remarkable role since 
bad heat transfer can even break the component. This 
interface area and its durability against washing and other 
stresses should be researched further. 
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Figure 7.  Conductive glue (left  bar), conductive mass (right bar) 

4. Conclusions 
Textile electronics is a continuously growing topic and 

will be more prevalent in the future. The increasing amount 
of electronics being permanently integrated to the clothing, 
however, may  cause other side effects such as heat 
dissipation of electronics components.  

In this research, different kinds of thermal conductivity 
materials were tested utilising the FET as a heating element. 
All tested materials were publicly availab le and generally 
used in electronics industry. The different thermal 
conductivity values of the tested materials did not affect 
much the results. Instead, the thermal conductivity values in 
fastening material affected more. The interface between the 
material and the heating element is very important part of the 
heat transfer. The best material was sample H (tinned copper 
yarns, weaved), because it had the lowest temperature values. 
The worst materials were in  the samples L and M 
(electrically conductive fabrics), because these contained too 
small amounts of metals.   

All tested materials are thin and flexible and can be easily 
placed to the clothing. If these test materials are integrated in 
clothing, attention should also be paid to durability issues 
such as washing endurance.  

In the future some of these materials (e.g. material H) will 
be tested with power LEDs. The LED will also be integrated 
to clothing and durability tests against washings will be 
made. 
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