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Overview

« Brief overview of e-textiles

« Research driven e-textiles

« Industry driven e-textiles

« E-textile transition from research to industry
« Key areas of e-textile design

« Electrical interconnects and bonded joints

« Bending and washing effects

e Conclusion
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E-textiles what are they?

; LifeShirt

¥ Recorder
saves data to
compact flash
memory card

Ribcage band

forrespiratory

rate and sigh count
i i

Abdominal band
measures respiration
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LifeShirt by Vivometrics ICD+ suit by Levi and LED Jacket for singer Will.l.LAm Bioman+ heart rate monitoring
(2001) Phillips Electronics by Moritz Waldemeyer (2011) shirt by AiQ (2017)
2003
Bulky Components ( ) Inflexible circuitry added to Inflexible circuitry with integrated
added to outside Bulky Components jacket electrodes

added to outside 3
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Research driven e-textiles

« Based on conductive and functional inks

LED Flower

Display Capacitor

Electrode

Textile fibres Piezoelectric shoe insole, UoS [2]

25mm Monitoring Chip

0 pm* Mag= G03X  System Vacuum = 3860006 mbar  Signal A = SE1 Date 26 Feb 2021  Fm
i WD= 80mm  EHT= 600K  StagoaT= 00° Time :10:18:06

Planar-fashionable circuit board with capacitive
sensor, chip and LED display in 2010 based on
screen printed conductive films [4]

SEM image of textile and printed smoothing layer [1]

40mm

Printed Watch Display on Fabric (UoS) [3] 4
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Research driven e-textiles

« Based on conductive yarns and fabrics - weaving, knitting, embroidery etc

Embroidered ECG shirt
with silver yarns [5]

{ i F /s

Textile circuit with heat pressed : ' SE -~
Woven Carbon nanotube yarns

conductive fabric [6]

7]
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Research driven e-textiles

- Based on flexible filaments Dol Sl o el

| s ter
reen strip on the backside of swatch H ! Swatch

!

Wa Flexible plastic stripes  Contact
P p pe

Pocket outletfor fitament
data collection and power

Conductive yarns

Kapton filament ———

Erched copper interconnect
Flexible circuit board :
- e Soldering
Polyester fiber With LED and resistor }1 . Contact pad for power supply
.~ T Thin and flexible wite soldered to x
/ contact pad

Coin cell holder
and battery

Packaged with a coin cell

Woven flexible temperature sensors and LEDs
An functional array of LED plastic strips woven on textiles [9] UoS [10]
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Recent e-textile products from the industry

IVA 5

=
TECHNOLOGY

¥ Google

Google and Levi Jacquard Polar seal heated Vest

Loomia multifunctional patch
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Transition from research to consumers

« Market estimates are very high (Plethora of potential applications but transition is still slow

« A plethora of potential applications but transition to the consumer still slow

Number of e-textile
players that use...
(2021)

Conductive polymers
27%

All three
18%

Conductive inks
47%

Conductive yam,
textile, fabric, etc.
82%

Total number
e 287

Market survey by IDTechEx of 247 commercial
partners [2021]

Europe Smart And Interactive Textiles Market size, by application,

2013 - 2024 (USD Million)

I I I I | | | ‘ ‘ ‘ |

2013 2014 2015 2016 2017 2018 2018 2020 2021 2022 2023 2024

® |ndustrial = ilitary and defense = i edical and healthcare

m R etail and consumer = Transportation m Others

Market survey by Global Market Insight [2021] 8
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Various forms of textile handling

Treat with care : :
Washing machine

Abrasion / bending/ Stretching



Key areas in e-textile circuit design

Two important areas to consider in e-textiles

— Electrical interconnects

« Must be durable against mechanical stresses

— Bonded joints

UNIVERSITY OF

Southampton

« Regions linking the electrical interconnects with the required electronics, wires and

connectors

Wires for connecting to
power or peripherals

Solder or Adhesively
bonded joints for
components and

Glop-top
encapsulation

Soldered chip

Electrical
Interconnects

10
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Stretchable interconnects: Serpentine Conductors

« Enhances the stretching of interconnects

— Can survive up to 10,000 repeated tension and compression
cycles for up to 50 % strain

« Not durable against bending or washing stresses

— Up to 90 % failure rate after nine washes

Serpentine interconnects [11] Tensile testing of laminated serpentine[12] SEM images of crack along
interconnect [12]
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Stretchable interconnect: Elastic conductors

Combining conductive particles such as AgNw, CNTs with
elastomeric materials such as silicone and thermoplastic
polyurethane

Allow for more than 100 % strain in the conductor and more
20 cycles of washing without degrading performance

« Conductivity suitable for some sensing applications
(@) 1¢0° : :
5 ol |
=) :
£ ¢
z 10°} :
% r/- 1 Stretchable
- 05— . . . . — T
0 100 200 300 400 500 600 700

Strain [%] T T

Conductors based on microsized silver

Serpentine interconnects [13] flakes and polyurethane [13]

0% strain

100% strain

Conductors based on AgNW and TPU ink
[14]

12
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Bending performance of electrical interconnects

Smm radius rod

« Positioning the electrical interconnect at
lowest stress region

* Induced stress is dependent on the
bending direction

Meandered strain gauge Clip to hold gauge in position Qontact pad; to measure gauge
e E-textile desi gn must be tailored to during bending resistance during and after bending
application for optimal performance " = Negative Curvature

£25 m Positive Curvature
o
< 20
)

TPU Encapsulation Layer E 15

SO OFCOMBOINE §  Gauge Layer § 10

TPU Interface Layer *E 5
2 L 1
ne 0

Woven Fabric Substrate 1 i | |

-5 100 200 300 400 600

Encapsulation thickness, h (um)

Neutral axis positioning of electrical interconnects Resistance change of strain gauges for
[15]

positive and negative bending [15]
13
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Bending bonded joints

44— Glob-top

.
2 mm
2 mm

+“—>
Cracks at the interface of copper Cracks at the interface of glob-
tracks and bond pads of LED top and copper tracks

Failure modes on glob-topped components on electronic filament [10]

Failure due to stiffness gradient between components and tracks [16] 14

Failure at wire adhesive joints
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Failure modes due to washing e-textiles

« Lack of standard for e-textile &

« Washing in research are based
— Immersion in water Washed 28 tnies)
— Gentle washing

— ISO 6330 washing standard

Washed (25 times)

* Washability up to 50 washing cycles have Cracking of textile fibre coatings [17] Peeling encapsulation [18]
been achieved in literature using vacuum
encapsulated filament circuits

Torn Litz wires [19] Broken micropods and wires [20] 15



UNIVERSITY OF
Southampton
School of Electronics

Summary and CO“CIUSionS and Computer Science

« Definite progress in e-textile manufacturing but durability is still cause for concern

« More research on e-textile reliability is still required to enable transition to

consumers.

« Standards for e-textile use and handling are still required

@ aoklgl5@soton.ac.uk
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