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This article is about smart textiles. It is a short  overview about this 
growing technology.  
After an introduction the key technologies of smart  textiles are 
described: the conductive fibres and interconnect t echnologies. 
Then the possibilities of smart textiles are shown by means of two 
examples. The whole paper is based on the article “ Integrated 
Microelectronics for Smart Textiles”  written by S. Jung and C. 
Lauterbach. 
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1. Introduction 
Textiles are used in everyday life, for example as garment to 
protect ourselves from heat or cold, fabrics coveri ng the surfaces 
of floors, or the upholstery of car seats. 
On the other hand electronic devices are spreading – but still 
some people do not have the knowledge to use them. Some 
have reservations about these devices. So the next step to spread 
these electronics is to improve the user interfaces . If an electronic 
device is integrated in things we already use it is  easier to accept. 
Smart textiles could offer improved interfaces and make it easier 
for the user to accept electronic devices in everyd ay life. 
The authors of this article think: “We believe that  today, the cost 
level of important microelectronic functions is low  enough and 
enabling key technologies are mature enough to expl oit this vision 
to the benefit of society.” 
 
Large area textiles  could be used outside for drainage and 
irrigation in agriculture, in buildings sensor syst ems within textile 
reinforced concrete could be used to detect cracks after 
earthquakes. Another possibility of use could be se nsors that 
control air conditioning or electronics that are us ed as guiding 
systems in case of emergency. Industrial textiles  with electronics 
may prevent breakdowns due to abrasion of conveyor bands. 
Another important category is wearable electronics , these could 
be used to survey workers in hazardous environments  (sensors 
could provide information about the surrounding). M edicine 
could utilize vests with integrated pulse meters fo r monitoring of 
patients. 

2. Technologies for Integrating Microelectronics in Te xtiles 
Due to the fact that textiles are used in everyday life smart textiles 
have to meet certain demands. On one hand normal te xtiles can 
not be used for the transmission of power or signal s, so other 
materials have to be integrated. This integration o f new materials 
leads to another problem, the price of the machines . The 
technique of integrating conductive fibres is still  rather new, but a 
weaving technology for implementing conductive fibr es into 
fabrics for textile shields against electromagnetic  radiation has 
already been developed. A goal of the research is t hat the new 
materials could be used with the old machines of th e textile 
industry. Most materials used as conductive fibres  are already 
used in normal wires (carbon, polymers, polymers wi th nickel, 
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copper and copper with silver coating). 
Which material is best has to be chosen according t o the 
intended usage of the textile, but the fabric shoul d be lightweight, 
durable, flexible and cost competitive. 
In the majority of cases copper is used for signal transmission and 
power. The copper wires are normally silver-plated for corrosion 
resistance. If these smart textiles are supposed to  be exposed to 
humidity the wires are insulated by an additional p olyester or 
polyamide coating. This applies to most use cases.  
Most smart textiles (especially wearable textiles) have to endure 
forces like sportive activities, rain, snow, the wa shing machine and 
many more. One possibility is removing the complex parts (e.g. 
the mp3 player in a jacket) before washing.  
 

 
 

Interconnect Technologies: 
Electrical contacts to the conductive fibres woven or 
embroidered to the surface of the textiles can be m ade by 
crimping, soldering or using conductive adhesives. 
The contact size of the silicon based microelectron ic 
integrated circuits (80 to 100 microns) differs fro m the size of the 
contact area of the conductive fibres (160 to 200 m icrons), 
therefore several techniques have been developed to  bridge 
the gap (normally used for comparatively small 
microelectronic systems). 
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The Plastic threaded chip carrier (PTCC) has long flexible 
conducting leads and is stitched into an embroidere d fabric 
circuit. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In the  wire bonding technology a polyester fabric with 
electrically isolated copper wires is used, the coa ting is 
removed by a laser and then the wires are soldered to 
contact plates and thin bonding wires. At last the whole 
contact area and the module are encapsulated using 
polyurethane adhesive for mechanical protection.  S imilar 
to the wire bonding technology the coating of the w ires is 
removed by a laser while using flexible printed circuit boards 
(PCB). Then the flexible board is soldered and as finishing 

Image [1] Internal Structure of a PTCC 
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step the contact area is encapsulated by silicone.  

 
 
 
 

 
 
 
 

Another topic of research is silicon wafers . They become 
flexible like foils when thinned below 50 microns, but the 
handling of these chips is still a challenge. 
 
The price of some techniques is still troublesome. Some are 
very expensive (like laser treatment) and it is the refore not 
possible to use them for large area textiles. In th is field the 
adoption of a manufacturing process known from RFID  tags 
is possible (chips are mounted on plastic foils). I n this case 
chips are connected by the use of conductive adhesi ve, 
anisotropic conductive adhesive or non-conductive 
adhesives.  
 
Ambient energy may be used as power supply for 
microchips. 
Flexible solar cells could be integrated into texti les to use the 
energy of the sun. Movement is used for generation of 
electricity in powerboots. Piezoelectric transmitte rs generate 
electricity under mechanical stress and thermo gene rators 
use body heat for power generation. 

Image [3] 
a)Contact area prepared by laser treatment. 
b)Contact area encapsulated by silicone 
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3. Smart Textile Applications 

Wearable Electronic 

Mp3 Jacket: 

An example of a smart textile application is the mp 3 jacket 
(Jung et al., 2002). Important for wearable electro nics 
(especially for a lifestyle object such as an mp3 j acket) is the 
design: in this case it has been made in cooperatio n with 
German Fashion School in Munich (Deutsche Meistersc hule 
für Mode in München). One solution is to use the co nductive 
ribbons as design element. Another important factor  for this 
jacket is the robustness of the material.  
The jacket consists of several modules. All these m odules are 
integrated in the jacket. 
 
One module is the audio module . It consists of an an 
Infineon audio processor chip (size 7x7 mm²), an 80 51 
microcontroller, a 16bit OAK DSP chip, program memo ry 
and a few auxiliary devices. 
The whole size of the module is 25x25x3 mm³.  
The Infineon chip has a programmable microchip (and  for 
this jacket it is used for the digital music player ), a power 
management function and several general-purpose 
input/output lines (GPIOs).  
The 8051 microcontroller is used for controlling al l functions, 
and the 16bit OAK DSP chip for signal processing. 
Input devices are the keypad and microphones. 
Microphones, earphones, storage media, keypads, dis plays 
and sensors are connected to this module. 
The built in software offers several possibilities:  the module 
can be used as speakerphone, for speech compression  and 
decompression, for music synthesis, for music decom pression 
(MP3), as a software-modem, for speaker independent  and 
speaker dependent recognition engines. 
This main module is designed especially for wearabl e 
electronics and smart clothes. (Speech recognition offers 
hand-free for interaction with the electronics). 
Another Module  contains the battery  and the Multimedia 
Card. 
The MMC stores 128mb and can be plugged into the 
computer (it’s recharged while being plugged into t he 
computer and new music can be exchanged with the mp 3 
player). This module is fixed to the clothes by a o ne piece 
connector. 
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The Keypad Module  consists of sensor chip module 
connected to metal foils. These sensors are activat ed if a 
finger is close to a specific pad. One of these but tons is used 
for the activation of speech recognition.  
The microphone and earphone modules  are narrow fabrics 
connecting the audio module and normal earpieces an d 
microphones. 
Some modules could be added in the future to increa se the 
usage of this jacket e.g Fingerprint sensors for 
authentication,  sensors for monitoring vital sings , wireless 
data receivers and many more.  
 
In this jacket the mp3 player is integrated –theref ore the 
jacket is very expensive. It would be better to pre pare the 
jacket to be used with an external mp3 player (inte gration 
of the keypad only). 
Some sportswear manufacturers such as Burton 1 sell jackets 
with integrated mp3 players. 

Large Area Applications 

Smart Carpet 

The Smart carpet is a grid of processing elements ( PEs). 
The PEs could be equipped with sensors or actuators . At 
cross-over points the PEs are connected to the 
conductive fibres. A PE is a 32bit microcontroller with four 
UARTs (Universal Asynchronous Receiver and Transmit ter) 
used for communication with its neighbours. 
These PEs are connected to the PC via a portal (usi ng 
the RS232 communication port). The software used fo r 
the smart carpet is written in Java (based on Java Swing 
technology) and is called Smart Carpet Monitor (SCM ). 
All algorithms are implemented as software simulato r 
ADNOS (Algorithmic Network Organization System) 
 

 
 
 
 
 
 
 
 

                                                 
1  http://www.burton.com/ProductDetail.aspx?pid=229 

Image: Embedded network of processing elements 

Supply voltage  
and data lines Processing Element 

Portals 
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For this grid of PEs a certain algorithm is needed for  
if a smart carpet is produced at a factory, there i s no 
knowledge where it will be used, therefore it shoul d be 
self organizing. Self organizing means that for exa mple 
the portal has some information, based upon this 
information and with communication between the 
nodes each PE is able to determine for example its own 
position, orientation and distance to the portal. 
A smart carpet may be used at a room with no 
rectangular layout, therefore it might be cut. If i t is cut 
several wires will be disconnected, maybe a PE is 
destroyed. So the algorithm has to detect these reg ions. 
 
 
The following description of the algorithm is based  on the 
assumption that the PEs are placed in a grid, in a 
symmetrical way and that the portal has information  
about its position and orientation. Otherwise the 
coherence and positioning phases are more difficult  
(one possible solution is finding coordinates based  upon 
e.g. triangulation). 
 
The smart carpet has two main phases: the organizat ion 
phase, and afterwards the operation phase. 
The organization phase consists of 8 sub-phases. Th e first 
phase is the power routing phase . Like nearly all phases it 
starts from the portal. Each PE checks its neighbou rs for 
leakages. (it can have a maximum number of 4 
neighbours). Defective PEs are disabled and if a 
neighbour is working, power is lead through them. T his 
workflow is used through the whole network until al l PEs 
have power. During the coherence phase  messages are 

exchanged .  
Starting from the portal (the portal knows the righ t 
direction) the first neighbour receives one directi on. Due 
to the fact that there are only 4 communication lin es, 
the PE knows the direction of the other 3 nodes. It  sends 

Messages: PE 

PE 

PE 

PE PE 
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the appropriate directions to its neighbours. After  this 
phase all PEs know its orientation. Afterwards each  PE 
calculates its own temporary position (set to (0,0)  at the 
beginning) in the positioning phase . The portal starts 
giving the direct neighbours their absolute positio n 
value. Then all neighbouring PE check if they have to 
update their own position. (i,j) is the own calcula ted 
position. (r,c) the communicated position. If i>r I  is 
replaced by r, and if j>c j is replaced by c. The n ew 
position is send to the neighbours.  
The distance to the portal is also needed. It is ca lculated 
the following way: starting form the portal each PE  sends 
its own distance to its neighbours. When receiving a 
message, the PE selects the neighbour with the smal lest 
distance d, and sets its own distance d+1. The new 
distance is transmitted to its neighbours. This is also 
referred to as the the distance phase . Based upon the 
calculations made before, routes  are generated . While 
using a regular backward organization algorithm, ro utes 
with minimal distance to the portal are generated. Then 
the the throughput calculated. The throughput  is the 
number of routes leading through the grid. Afterwar ds 
each PE receives a unique id from the portal. These  id is 
based on the established routes . Using these route s 
data can be transferred through the carpet, and so the 
carpet is working. 
 
This smart carpet described above can be used in 
several ways: if the PEs have sensors that react on  
pressure the smart carpet can be used as an alarm 
system. If a persons steps on a sensor, the PE send s its 
number to the PC. The software on the PC may then 
check whether the person is allowed to step on this  
place. Otherwise the software may set off an alarm.  
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Another use case may be the detection of emergency 
cases. If smart carpets are used in homes of elderl y 
people, they may detect when a person falls down an d 
does not move any more. Then the software may call 
the ambulance. 

Conclusion: 
The smart textiles applications described above are  only a small 
selection of the possibilities smart textiles could  offer. In the future 
nearly all of our clothes or carpets we use could b e made with 
integrated microelectronics. These microelectronics  could 
improve our everyday life (and offer a new way of i nteracting 
with microchips). 
But obstacles have to be overcome before smart text iles can 
begin their triumphant success: The biggest one the y have to get 
cheaper. Textile industry will not be interested in  integrated 
microelectronics, if it is too expensive to integra te.  
If smart textiles are affordable I think they will be accepted by the 
user (as mentioned in the introduction, textiles ar e part of our 
everyday life).

(2/0) (3/1) (2/4) (2/5) (4/5) (4/6) (4/7)  transmitted to the PC 

Image[4]: Smart carpet monitoring system 
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