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Wearable Design Considerations
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Product Development Focus Areas: 

• Reduce system power 

• Reduce size of form factor

• Lower hassle and improve adoption 

• Increase number of available sensor 
modalities at low power

• Increase configurability

Wearables 5 
years ago…

5



6Ministry of Trade, Industry & Energy of Korea

Wearable Technology Roadmap
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Textile Electronics (or e-textiles)
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Wearable Product Platforms
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Sports & Fitness
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Entertainment
&

Virtual Reality

https://www.artefactgroup.com/work/vr-2020-inclusive-vision-virtual-reality/
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Machina MIDI: 
Synthesizer Jacket

https://www.machina.cc/pages/midi-jacket

Music and Sound
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Nike HyperAdapt

Teardown at: http://mindtribe.com/2017/02/nike-hyperadapt-teardown/

http://mindtribe.com/2017/02/nike-hyperadapt-teardown/
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Teardown at: http://mindtribe.com/2017/02/nike-hyperadapt-teardown/

http://mindtribe.com/2017/02/nike-hyperadapt-teardown/
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Textile Electronic System Design
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Market Challenges
Conflicting Industry Goals Supply Chain Timing

Standards Manufacturing



Research/Education Structure
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Technology Innovation Through Engineering Design

Materials Innovation Textile Electronic Systems Project-based Education
Materials Design for ‘Today’ Technologies

Next-Gen Materials for ‘Tomorrow’

Wearable Systems

Non-Wearable Systems E-Textile Systems (Graduate Education)

Industry-Inspired Projects (Undergraduate)

Wearables for Animals (K-12 Curriculum)System Standards & Human Scenario Testing
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next (nano-extended textiles) research group 
…Expanding the Influence of Nanotechnology in Textiles



E-Textiles

Textiles

Printed 
Electronics

• Rapidly developing industry
• Driving force for price 

reduction
• Materials development
• Roll-to-roll a necessity
• US, Japan, Korea growing 

leaders

• Well established industry
• Already LOW price
• Inexpensive materials
• High throughput processing
• Resurgence in Local-for-Local
• Everyone wears them

Industry Cross-Over
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Materials
Conductive Yarns 
good availability; textile-like; 
complacent in materials 
innovation (no market need); 
challenging retrofit  application

Conductive Pastes
high materials & process 
innovation (flexible electronic 
markets); polyurethane & PVA 
growth; Retro-fit application

Conductive Inks (ink-jet)
Improved materials/performance 
cost vs. screen print; back to 
fiber-level integration; multi-
layer device design capable

Vapor Phase Processing
Broad materials scope; 
patterning techniques well 
established in flex circuitry and 
semiconductor industry.   

Polypropylene/Al2O3/ZnO

20 nm 
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Evolution of Materials: Textile Electronics
Conductive Pastes
high materials & process 
innovation (flexible electronic 
markets); polyurethane & PVA 
growth; Retro-fit application

Conductive Inks (ink-jet)
Improved materials/performance 
cost vs. screen print; back to 
fiber-level integration; multi-
layer device design capable

Vapor Phase Processing
Broad materials scope; 
patterning techniques well 
established in flex circuitry and 
semiconductor industry.   
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Conductive yarns: 
good availability; textile-like; 
complacent in materials 
innovation (no market need); 
challenging retrofit  application
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Screen-Printing

Challenges
• Ink waste 

• Post-process cleanup

• Sample-to-sample variability

• Rapid customization of designs

• Batch-style processing

Phillips et al Coatings 2014 

Benefits
• Low cost (material and process)

• Industry scalable

• Less process complexity

• Level of integration
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Direct-Write Printing
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Benefits: 
• Dispense velocity is 80x what’s in literature

• Minimal ink waste and minimal post-process 
cleanup

• One-step materials deposition process
• 4x lower resistivity than screen printed 

interconnects

• Interconnects cost < $1 (for 12cm) 
• Integrate hard electronics -> resistors, LEDs, 

etc. using pick and place

Challenges:   
• Equipment costs

• Line resolution
• Penetration into textile



Ink-Jet Printing
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Hard Component Integration
Resistor

LED
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a) b) 

Electrodes*

Stretchable*
interconnects*

Biometric Monitoring Garments

M. Yokus, R. Foote and J. S. Jur IEEE Sensors (2016)
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Barrier: Manufacturing
u Needs to be less expensive & customizable! 
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u ‘3D Printing’ of garments

u Knit entire garment in one 
operation, including finishing

u Yarn (including conductive 
yarns) can be selectively 
added/designed. 

u Localized compression can be 
added based on knit structure.

Customization via Whole Garment Knitting


