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First patent on E-Textiles - US15011574; Filed in 1911 by Arthur L Carron

Historical Overview
Key Milestones of E – Textiles Development 

Electric-heated glove

“Electrically heated glove 
for drivers of aeroplanes, 
automobiles, motor boats 
and other conveyances 
which are guided by 
manually operated steering 
wheels”
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Electrically heated blanket filed by 
F Grisley in 1936; GB445195
Improvements in blankets, pads, 
quilts, clothing, fabric, or the like, 
embodying electrical conductors

Historical Overview
Key Milestones of E – Textiles Development 



Historical Overview; Key Milestones of 
E – Textiles Development 
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• VivoMetrics an be considered as 
the pioneer of garment based 
vital sign monitoring.

• LifeShirt consists of pockets and 
channels to accommodate 
sensors and cables.   

LifeShirt of VivoMetrics Inc. formed in 1999 



Historical Overview
Key Milestones of E – Textiles Development 
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First consumer garment to 
incorporate electrodes to 
monitor heart rate into the 
knitted structure of the garment.   

NuMetrex HR Sensing Sports Bra of 
Textronics Inc introduced in 2005 



Historical Overview
Key Milestones of E – Textiles Development 

ATRG_TD

Heating glove with knitted heaters from 
EXO Technologies, 2008

Knitted glove liner with heater 
elements and interconnects
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Mounting of devices on to textiles - Version 1.0

Electronic Textiles - Classification



Electronic Textiles - Classification
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Integration of conductive fibres with textiles - Version 2.0



Electrically Active Knitted Structures

Electro Conductive Area (ECA)

Concept of creating textiles with significant electrical properties:
Incorporate conductive elements into the structure

Knitted structure
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Current Challenges

• Poor consumer outlook
• Visibility of hardware in the textile
• Less (not) fashionable
• Not washable
• Reliability

• High initial price
• Cost of R&D
• High cost of conductive materials
• Difficulty of using existing textile production systems

• Power consumption and management

• Limitation of self powering devices



Electronic Textiles - Classification
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Integration of semiconductor devices 
within textile fibres

Version 3.0



Involves encapsulating micro-devices with a flexible hermetic 
seal for mechanical, thermal and electrical protection

Fibre Electronics
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Concept - 20052005
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Version 3.1

Fibre Electronic Technology

Semiconductor packaged die 
[500µm (W) x 200µm (H) x  900µm (L)]

Polymer micro pod

Interconnections
[Fine copper wires; 
150µm diameter]

Carrier fibres

Packing fibres

Covering fibres

2011
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Key steps – Creation of interconnects

Fibre Electronic Technology



ATRG_TD Fibre Electronic Technology

Key steps – encapsulation of micro-devices
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Key steps – electronic yarn formation



ATRG_TD Fibre Electronic Technology



ATRG_TD

Development of RFID yarn
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Development of temperature measuring yarn
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Example: 

• Packaged LED die :  0.90mm (L) x 0.50mm (W) x 0.40mm (H)

• Unpackaged bare LED die: 0.20mm (L) x 0.20mm (W) x 0.20mm (H);

• Our aim is to package an ultra thin silicon die of 0.200mm(L) x 0.025mm(W) x 
0.025mm(H) within the yarn fibres.

Volume reduction of 1440



Sensor Fibres

• Temperature measurement
• Strain measurement
• Fluid/gas measurement
• Radiation sensing
• Light measurement
• Acoustic measurement
• Motion detection
• Pressure measurement

• RFID
• Light emitting
• Vibration
• Magnetic
• Transmission
• Peltiers

Active Fibres

Potential of Fibre Electronic technology

• Micro-controllers
• Micro-processors

Intelligent Fibres

Truly 
Smart 

Textiles
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2013 – Light emitting yarn; TRL6

2014 – RFID yarn and magnetic yarn; TRL6

2016 – Vibration sensing yarn; TRL3

2015 – Temperature sensing yarn;  TRL4

2018 – Ver3.2 electronic yarn technology; TRL2

2019 – Microcontroller yarn and textile wearable computer  

Research road map – Electronically Functional Yarn

2017 – Light and acoustic sensor yarns; TRL2



ATRG_TD_07March17

Thank You

Contact details:
Professor Tilak Dias
Advanced Textiles Research Group
Tel.: 0115 848 6518
Email: tilak.dias@ntu.ac.uk
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