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ABSTRACT 

 

This article deals with the issue of assembling conventional SMD components on textile substrates using UV-curable 

non-conductive adhesives. This technology is easily applicable in the textile industry. It thus enables the easy and fast 

production of e-textiles that are equipped with conventional electronic components or even entire electronic modules. The 

article describes the principle of this innovative technology. Furthermore, comprehensive results of testing the effect of 

mechanical stress, chemical cleaning, and climatic changes on e-textiles with assembled SMD components on the change 

in contact resistance are presented here. The results show that this technology can be used for assembling and 

encapsulating SMD components on a textile substrate in the realization of e-textiles. 

 

INTRODUCTION 

 

Electronic textiles (e-textiles) consist of electronics and textile parts, where the textile is a supporting substrate for the 

connection or direct realization of electronic components, e.g. by means of conductive threads or by printing conductive 

layers. With the help of conductive hybrid threads, some passive components can be realized directly as an integral part 

of textiles. We can use standard technologies such as, embroidering or knitting to the creation of electronic circuits and 

components. Unfortunately, not all electronic components can be implemented in this way, and therefore, when 

implementing functional e-textiles, it is necessary to use conventional electronic components. The aim is, with regard to 

user comfort, to permanent assembly these electronic components or possibly entire electronic modules on a textile 

substrate and connect them to each other based on a suitable technology. Key properties and requirements of e-textile are 

good flexibility and stretchability, wearing comfort, washability and electrical properties and reliability. In this new part 

of electronics (it means e-textile) it is possible to find many problematic and unexplored fields of research dealing with a 

combination of textiles materials and technologies and conventional electronics. One of these fields is standard SMD 

components contacting the textiles. 

 

Nowadays, three basic options exist for assembling and contacting SMD components on PCBs. Standard technology such 

as soldering is not compatible with some flexible substrates for electronics and e-textiles. The reason is the high thermal 

load of not very heat-resistant substrates (PET film, paper, textiles, etc.) during the soldering process. Technology using 

electrically conductive adhesives do not reach the strength of soldered joints but allows a substantial reduction in thermal 

load. However, with a reduced curing temperature, the curing time increases significantly, up to several hours. These 

technologies are therefore completely unsuitable for fast and safe contacting of components on some flexible substrates. 

An alternative to the mentioned methods can be non-conductive adhesives, for which very low or even no thermal curing 

(UV curable polymers) and comparable electrical and mechanical properties of joints with electrically conductive 

adhesives are sufficient. This contacting technology, as shown by the realized experiments, is particularly suitable for the 

currently developing field of e-textiles. 

 

Creating an electrical join between an electronic component and conducted pattern based on non-conductive UV curable 

polymers has several fundamental advantages: 

 

• Almost no heat stress of the substrate.  

• Curing of the joint in a matter of seconds. 

• Properties of the connection better or comparable to the connections made with conductive adhesives. 

• Contacting also creates protection of the component from the external environment (encapsulation). 

• Available UV curable adhesives on the market. 

• Easy implementation of the technology in industrial production. 

 

The article presents the principle of contacting electronic components directly to conductive pattern realized using 

conductive hybrid threads on textile substrates. The non-conductive UV curable polymers were used to realize the 

conductive connection between components and conductive textile ribbons. This type of connection is very easy to realize 

and can be instantly cured by UV light. The testing of joints reliability is very important and thus testing of the effect of 

mechanical stress, chemical cleaning, and climatic changes on the contact resistance between the electronic component 

and the contact surface on the textile substrate was done. 
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MATERIALS AND METHODS 

 

Designed assembly technology consists in applying a UV-curable glue to a textile that contains conductive hybrid threads, 

then an electronic component is inserted, and under the action of pressure and UV radiation, the glue hardens and thus 

mechanical and electrical contact occurs between the conductive threads and the electronic elements. 

 

A non-conductive UV curable material is applied to the desired place on the textile, into which an SMD electronic 

component or flexible printed circuit is inserted under the action of a defined pressure. With this technology, it is possible 

to contact not only the electronic components themselves but also entire electronic modules. In addition, the encapsulation 

of an electronic component can be created with the help of UV-curable glue by applying the glue to the component and 

its surroundings and then curing it with UV radiation. This technology is therefore gentle on textile materials, as there is 

no contact at high temperatures, such as during the soldering process. Furthermore, this technology is compatible with 

technologies used in the textile industry. 

 

In order to verify the proposed technology and find possible limitations, a search was made for suitable UV-curable 

adhesives. The parameters for the search were: UV curable material, secondary curing by heat up to 120 °C, viscosity in 
the range of 3 – 100 Pa.s and low shrinkage. Based on the research, 3 UV curable adhesives were found and subsequently 

tested: Loctite AA3926 from Henkel, Vitralit 4732 VT and Vitralit VBB-1 GEL from Panacol. 

To verify the functionality and reliability of the contacts realized using UV curable glue, flexible ribbons containing tracks 

of conductive hybrid threads were used. Each conductive path consists of 5 conductive hybrid threads. Each hybrid thread 

then contains wires based on Cu/Ag. SMD resistors with a value of 0 Ω and a size of 0603 were glued to these tracks 
(Fig. 1). 

 

Fig. 1. The principle of SMD resistor electrical connection onto the textile ribbon by non-conductive adhesive 

technology. 

 

The procedure for contacting SMD components using UV-curable adhesives is shown in Figure 2. In step “S1”, the 
adhesive was applied on the substrate by pin transfer. In step “S2”, the SMD chip resistors were mounted into the adhesive.  
In step “S3”, the mechanical pressure was applied onto the chip resistor. In step “S4”, the adhesive was cured by UV light 
(still with the application of pressure). In step “S5” the resistors were encapsulated by the same adhesive. The electrical 
resistance was measured by the four-point probe method (step “T1”). 
 

 
Fig. 2. The procedure of the realized experiment.                              

 

 



Since 0 Ω resistors were used, the result is the measured contact resistance values between the resistor and the conductive 

path. The practical implementation of flexible ribbon samples with SMD resistors is shown in Figure 3A, and Figure 3B 

shows a detail of the contacted resistor on the flexible ribbon. The resistors were subsequently encapsulated (dipped) with 

UV-curable glue to increase the resistance and reliability of the connection. 

 

  

Fig. 3. (A) Flexible ribbon with conductive tracks on which electronic components are contacted using UV curable 

adhesive, (B) detail of 0 Ω resistor contacted to the flexible conductive ribbon using UV curable adhesive. 

 

To compare the functionality of this technology, samples of flexible ribbons were realized, where SMD resistors were 

soldered using remelting technology. Bismuth solder paste was applied to the conductive paths of the flexible ribbons 

using a dispenser, into which an SMD resistor was placed, and then the samples were placed in a remelting furnace for 

soldering (Fig. 4). 
 

     

Fig. 4. (A) Dispensing of tin bismuth solder paste onto the conductive ribbon. (B) Example of SMD resistor soldering 

onto the conductive ribbon by hot air. (C) Soldered SMD resistor onto the conductive ribbon without encapsulation. 

 

EXPERIMENTS AND RESULTS 

 

Realized test samples were stressed in various ways, such as cyclical stretching, washing and increased temperature when 

their accelerated ageing occurred. From the obtained results, it can be concluded whether the contacts realized in this way 

are functional and reliable. For all samples, the electrical resistance between the contacted SMD resistor and the 

conductive path realized by the conductive hybrid threads was measured continuously. The following graphs show the 

measured median resistance values for the tested samples. Samples where contacting was done by UV curable bonding 

are marked as Gxx and samples realized by soldering are marked as Sxx. The second letter in the sample designation 

indicates whether the SMD resistors were contacted to a ribbon that was in the stretched state (S) or in the unstretched 

state (N). 

 

Damp heat testing 

 
Flexible ribbon samples were tested with moist heat according to IEC 60068-2-2, where this test is intended to simulate 

accelerated ageing. The samples were tested in the unstretched state and were exposed to a temperature of 85 °C and a 
humidity of 85% for 1000 hours. 

Figure 5 shows the medians of the measured contact resistance values, where it can be seen that already at 150 hours, 

there is an increase in the contact resistance of the samples made with UV-curable glue. For soldered samples, there is a 

slight increase at about 500 hours. It is evident from the measured values that the joints made with UV-curable glue are 

less resistant to increased temperature and humidity. But on the other hand, this test is very "drastic" and it is not expected, 
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taking into account the resistance of textiles, that clothes with integrated electronic elements will be exposed to these 

increased environmental parameters for a long time. 

, 

 

Fig. 5. Median contact resistance values for different joint types as a function of the number of hours the samples were 

exposed to moist heat (85 °C, 85 % RH). 

 
Washing cycles 

 

Another very important test that was carried out was washing testing. Individual samples were alternately washed and 

dried according to EN ISO 6330:2012. The entire process consisted of washing at 40 °C, followed by centrifugation at 
400 rpm, and finally, the samples were dried at 60 °C or in a hanger. The total number of cycles was 90. After certain 
washing cycles, the electrical resistance of the contacts was always measured. 

The resulting medians of the measured values are shown in Figure 6, where an increase in the contact resistance of the 

samples realized by glueing after approximately 10 washing cycles is evident. There was no change in the contact 

resistance of the samples that were realized by soldering. 

 

 

Fig. 6. Median values of contact resistance for different types of connections depending on the number of washing 

cycles. 

 

It is clear from the measured contact resistance values that the biggest changes occur during the first 30-40 cycles. 

Subsequently, the contact resistance remains approximately constant. Figure 7 shows the graph of the dependence of the 

contact resistance (average values, standard deviation, variance) on the number of washing cycles (up to 30 cycles). 
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Fig. 7. Contact resistance values for the first 30 wash cycles for the different adhesives tested. 

 
Cyclic stretching test 

 

Samples of flexible ribbons with SMD resistors were cyclically stretched to 125 % of their length in the unstretched state, 

where one stretching cycle lasted 2 s (Fig. 8). A total of 50 000 stretching cycles were performed for flexible ribbons with 

glued resistors, 28 000 stretching cycles were performed for flexible ribbons with soldered resistors. The contact 

resistance of the contacts was measured every time after a certain number of stretches. It can be seen from Figure 9 that 

during cyclic stretching there is no change in the resistance of the contacts for glued but also for soldered resistors. 

 

Fig. 8: Realization of the stretching test of a textile elastic ribbon with integrated electronic components. 

 

 
Fig. 9: Median values of contact resistance for different types of joints depending on the number of stretching cycles. 

 

Figure 10 shows a comparison of contact resistances (average values, standard deviation, variance) for samples made 

with different types of UV-curable adhesives. From the measured values, it can be seen that the best results (smallest 

change in contact resistance) are achieved with Loctite AA3926 adhesive. 
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Fig. 10: Contact resistance values for different types of UV curable adhesives depending on the number of stretching 

cycles. 

 
Chemical dry and wet cleaning 

 

Samples of contacted SMD resistors on conductive ribbons using UV-curable adhesives were subjected to industrial 

chemical dry and wet cleaning. The parameters of these cleaning processes are shown in Table 1 and they are standard 

cleaning processes used in dry cleaners. The contact resistance was measured after one and then after three cleaning 

processes. It is clear from the measured contact resistance values that both chemical and wet cleaning result in a rapid 

increase in the contact resistance value for all tested adhesives. However, for Loctite AA3926 adhesive, the contact 

resistance value stabilized around 1 Ω during wet cleaning, see Fig. 11. This value is comparable to the contact resistance 
value after normal washing cycles. However, with chemical cleaning, there was a significant increase in the contact 

resistance value of this adhesive. With Vitralit adhesives, there is a significant increase in contact resistance for both 

chemical and wet cleaning. It is therefore evident from the results that industrial chemical cleaning is definitely not 

suitable to be applied to contacts made using UV curable adhesives. 

Tab. 1. Parameters of chemical and wet cleaning process. 

Type of 

cleaning 

Cleaning process 

temperature 

Drying process 

temperature 
Chemical used 

Time of 

cleaning 

process 

Time of drying 

process 

Chemical dry 

cleaning 
30 °C 60 °C Tetrachlorethylene 8 – 15 minutes 50 minutes 

Wet cleaning 25 – 30 °C 40 °C 

Nonionic 

surfactants; 

phosphonates, 

polycarboxylates 

5 – 10 minutes 30 – 40 minutes 
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Fig. 11. Contact resistance values for different types of adhesives and for different methods of industrial cleaning. 

 

Effect of sweat 

 

As contact between electronic elements and human skin is assumed, the effect of sweat on the contact resistance of the 

samples was verified. Since sweat can be acidic or alkaline in nature, the samples were exposed to artificial sweat with 

the appropriate pH. The tests were carried out in parts, where in the first part the samples were immersed for 30 minutes 

in sweat (acidic/alkaline), then the samples were dried, measured and rinsed for 30 minutes in demineralized water, then 

they have dried again and measured. Testing was performed in alkaline sweat (pH 8.0) and acidic sweat (pH 5.5) for 

Loctite AA3926 adhesive. Vitralit adhesives were tested in extra acidic sweat (pH 4.4). Contact resistance values are 

shown in Figure 12. 
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Fig. 12. Contact resistance values for different types of adhesives under the action of alkaline or acidic sweat. 

 



    

Fig. 13. Samples of SMD components contacted with UV curable adhesive Vitralit 4732 VT - (A) after 1 week exposure 

to extra acidic sweat (4.4 pH), (B) after 6 weeks exposure to extra acidic sweat (4.4 pH). 

 

SUMMARY AND CONCLUSIONS 

 

From the measured values of the contact resistance of individual joints, depending on the method of stressing, it can be 

seen that in some cases, especially for joints glued using UV-curable adhesives, the contact resistance increases. A 

significant increase in contact resistance occurs especially during temperature stress. The temperature during these tests 

was 85°C for up to 1000 hours. In fact, textiles with integrated ribbons and electronic elements will not be exposed to 

such a high temperature for a long time. It can therefore be assumed that there will only be a slight increase in contact 

resistance, as is the case, for example, with washing cycles. There is a slight increase in contact resistance here, but in the 

context of the entire electronic system, these values should not affect the resulting function. However, a significant 

increase in contact resistance was noted in the industrial chemical and wet cleaning tests. Textiles that will contain 

electronic elements contacted with a UV-curable adhesive are not recommended for this maintenance method. When 

comparing individual types of conductive adhesives, Loctite AA3926 has the best properties. In cyclic stretching, which 

is one of the most important from a practical point of view, there is no change in contact resistance. Based on the results 

achieved, it can be concluded that the technology of contacting electronic elements using UV-curable textile adhesives is 

functional and reliable.  
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