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Scope

Printed Electronics (Background)
Energy Sources & Printing
Energy Sources & Weaving
Applications Design - Opto-Physiological Wearable Sensor
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Printing Processes

The Offset Lithographic printing process Flexographic (Flexo) printing
Ink Rollers Printing  Plate cylinder ,_—— Frinting substrate
Substrate (pslg:te) Impression cylinder (hard)

Elastic printing plate with
raised image elements

Moistening Roller Blanket Cylinder
Impression Cylinder ———
Printing Plate Cylinder
Ink supply

The Lithographic Printing Process Lﬁgﬁ?g%ﬁgﬁ{m Cells of the anilox roller Inked up
filled with ink image element

Anilox roller

Screen printing

Heidelberg GTO46 DEK 1202
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Printed transducers (temperature, humidity and strain) (2000s)
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Offset Lithography: We had joy, we had fun......................

ARJOWIGGINS

~ DuPont Teijin Films- _HM qﬁﬂrlﬂl

EURODOPE

Integration of Printed Power Sources with

Electronic Systems
(Grant no. 774611MM-CONWAY 10/2006 to 05/2008 )

Powered a greeting card for a month....
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and process capability on
production equipment

‘Commercialisation )
and capability
validated over
|Sustained periods |

Printed Electronics
. Extended operation of
Technology Readiness Level [product.on funs
(TRL) Scale
Prototype demonstration |

Proof of concept
validation (e.qg.
Laboratory)

Demonstration of pre-
production capability
validated on economic
runs

Concept
developed

Prototype demonstration
and process validation on
production equipment

xperlmental proof
of concept

Basic |dea] York, N, Southee, DJ, Evans, MA:
PRINTED ELECTRONICS, PRODUCT DESIGN AND THE EDUCATION OF FUTURE INDUSTRIAL DESIGNERS?

, Great Expectations: Design Teaching, Research & Enterprise , ISBN: 978-1-904670-62-9
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Integration of Rechargeable Printed Power Sources with
Electronic Systems(Grant: SP/05/02/14 08/14 to 12/14)

. w.

The aim of the EPSRC/IeMRC funded project:
« Explore the design and manufacture of rechargeable energy storage devices
using mass produced printed electrodes

What we did;:

« Characterised the original offset litho electrodes and the new flexo electrodes
(Gwent inks)

« Construct a range of supercapacitors using various electrolytes
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Offset Litho Electrodes in 6 M KOH — filter paper separator supercapacitor testing
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. lDevice _JPercm?
0.0137F 0.000453 F/cm?
Resistance

Energy 0.00438 J 0.000145 J/cm?
Power 0.0584 W 0.00193 W/cm?
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Flexo Electrode Testing in 6 M KOH, filter paper
separator
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0.0500 F 0.00165 F/cm?
140 :
Energy 0.016 J 0.000529 J/cm?

Power 0.114 W 0.00377 W/cm?
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Solid state PVA-KOH supercapacitor

* PVAgel

* Electrodes coated in the gel
* Two electrodes assembled

* No separator is required

0.500x10

0.400x10 ]
i s i

—— [
0. 107 Ll :
N =
0.200x10"* | —
0.100x10"

Reproducibility of 4 electrodes
from batch 1
At500 mV/s
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Comparison of the solid state supercapacitors:
Litho vs. Flexo
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P — Lithography
—— Flexography
—— Lithography 0.8
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Developments

* Activated carbon layer/ionic liquids used as the electrolyte to give a larger voltage.
» Two of these supercapacitors were connected in series.

» With this combination, the supercapacitors can be charged to 6 V, and give a capacitance of
around 0.5F.

0.050x10°:
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cyclic voltammetry at 100 mV/s

Demonstrator 2
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» Useful rechargeable power sources made from printed electrodes.
» Liquid electrolytes provide challenges.

» Solid-state supercapacitors incorporating printed electrodes have been fabricated, and
characterised. There is evidence of commercial interest

« CONFERENCE
Invited to present at the IeMRC 9th Annual and Final Conference, held at Sir Denis
Rooke, Holywell Park, Loughborough University on 17th February 2015
http://www.Iboro.ac.uk/microsites/research/iemrc/conference9.html

«  JOURNAL

Jagdeep S. Sagu, Nicola York, Darren Southee, K. G. Upul Wijayantha, Printed
Electrodes for Flexible, Light-weight Solid-state Supercapacitors — A Feasibility Study,
Circuit World, 2015, 42, 80-86. (DOI: http://dx.doi.org/10.1108/CW-01-2015-0004).

« ENTERPRISE
Patent filed
Project undertaken with industrial partner
so TRL 3/4 can just about be claimed with some elements of 5


http://www.lboro.ac.uk/microsites/research/iemrc/conference9.html
http://dx.doi.org/10.1108/CW-01-2015-0004
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Market survey is complete and suggests there is an appetite for the product(s).

Technology Strategy Board

Driving Innovation

Funding Sources vs
Technology Readiness Level

COMPANY
BASED GWENT GROUP
ADVANCED MATERIAL SYSTEMS
TRL 1 2 3 4 5 6 7 8 9
MAIN | RESEARCH COUNCI TSB BUSINESS
FUNDER

Basic ldea Concept Experinfent Process Process Process Capability Capability Capability
Developed al Proofof Validated Validated Capability /alidated Validated Validated

MFG Concelpt in on on on over Range on Full

3 Laboratory Production Production Economic of Parts Range of
Readiness Equipment | Equipment Runs Parts over

Long
Or Demonstrator Periods

TSB Scope

TRL aspiration
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Development of Textiles for Electrical Energy Generation —
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NMP-2011-SME-5 : SME-targeted Collaborative Projects
NMP.2011.4.0-3 : Advanced textiles for the energy and Powerweave

environmental protection markets

Loughborough
7 University

Grant: €4.0M

Timescale: 1 June 2012 — 30 Nov 2015 (42 Months)

Coordinator: TWI Limited (UK)

R&D Partners: EPFL (CH), Centexbel (BE), s L B3 Sl

Brunel University(UK), CeNTI (Portugal),
Cetemmsa (Spain)

Industry: Ohmatex (DK), Bonar Technical Fabrics (BE),
VdS Weaving (BE), Lindstrand Technologies (UK),
Sefar (CH), Cyanine Technologies (IT),
Peerless Plastic Coatings (UK)



http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=cMr32kolVKqYnM&tbnid=eFMbd6n9-IszUM:&ved=0CAUQjRw&url=http://www.euwb.eu/&ei=15ReUebUK4jYtAba9oF4&bvm=bv.44770516,d.Yms&psig=AFQjCNF6jsFc2uwHT8GlKWpPfDFW7xEmPA&ust=1365239380950956
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=cMr32kolVKqYnM&tbnid=eFMbd6n9-IszUM:&ved=0CAUQjRw&url=http://www.euwb.eu/&ei=15ReUebUK4jYtAba9oF4&bvm=bv.44770516,d.Yms&psig=AFQjCNF6jsFc2uwHT8GlKWpPfDFW7xEmPA&ust=1365239380950956
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Powerweave

www.powerweave.eu

T I .00 C E|N
ndsranaid g U st

Peerless, Brunel voswcc ohmatex WeiCETEMMSA s E F A R
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Airship — Lindstrand Technologies

A small scale mobile airship with electric
propellers powered from the

Powerweave gas envelope.

Agricultural fabric — Bonar Technical Fabrics

Greenhouse shading for southern
European climates providing power for
ventilation, pumping water and lighting in
remote location.

Loughborough

7 University
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Develop a knitted or woven fabric that will generate power from sunlight or
ambient lighting and store the energy within itself. Aim to generate
10W/m? peak and to store 10Wh/m?.

Develop photovoltaic fibres, diameter 150um. Generating 1.5mW/m.

Develop rechargeable energy storage fibres, diameter 150um. Storing
2mWh/m.

Design and develop reliable interface and interconnection methods combined
In a fabric structure of the photovoltaic and the energy storage fibres.

Connect the fabric and demonstrate operation in large area PV/storage
applications.

Powerweave project...
objectives
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Initial concept...

« Protective Layer

PV Layer
Conducting Core
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Choice between thin film Li-ion cells and supercapacitors:

Supercapacitors were chosen due to high power density, high lifetime
and low internal resistance

Supercapacitors can be constructed from commonly available, low cost

materials

Brunel University (and I) developed chemical structures suited to fibre
format supercapacitors

1000

° Fuel cells
E 100 Conventional
2 balteries 1 hour 1 second
> 10
& 10 hours -
@ l e
o
% 0.03 second
E 0.1 | C ional
0] nal
L C rs
0.01
10 100 1000 10000

Power density (W/kg)
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Silver paint

Active Carbon

Gel electrolyte

Chinese ink
stainless steel J J \/

Fibre Supercapacitor Cu wire current collector

An energy storage device — a coaxial single fibre supercapacitor — was developed
using a dip coating method and characterised using electrochemical methods.
The specific capacitance per unit area and length were calculated to

be 3.18 mF cm™ and 0.1 mF cm™', respectively, for a 2.6 cm supercapacitor.



N
(o2
=3
o
5
o

0

N =
(=2]
=2
o

-

Iversity

Un

LOUGHBOROUGH

h

gy

searc
= | aboratory

Ener
Re

_—

-_—
=
o
=7

__
i

I

Sy

RSN 3

TeE D=




Loughborough

| LU AL AT IH |ol||0||4|!!|]|6|(!|\|||| IR AL
a9 United States U n ive rsity

a2 Patent Application Publication (.0 Pub. No.: US 2015/0340169 A1

QIU et al. (43) Pub. Date: Nov. 26, 2015
(54) SUPERCAPACITOR Publication Classification
(71) Appleant: BRUNEL UNIVERSITY, Uxbridge (517 Int.ChL
Middlesex (GB) HOIG 11/04 {2006.01)
5 H0IG 11786 (2006.01)
(72)  Ioventors: Fulian QIU, Uxbrdge, Maddlesex (GB): HOIG 11/44 (2006.01
David Jonathan HARRISON, HNG 11734 (2006.01)
Uxbridge, Middlesex (GB); John HIG 11710 (2006.01)
Richard FYSON, Uxbridge, Middlesex HOIG 11738 (2006.01)
(GB): |)Il1'(‘l! John SOUTHEE. (52) US.CL
Shepshed, Leicester (GB) CPC oo HOIG T1/04 (201301, HOIG 11/10
(73)  Assignee: Brunel University, Uxbridge. Middlesex (2013.01). HOIG 11/38 (2013.01); HOIG 11744
(GB) (2013.01): HOIG 11734 (2013.01), HOIG 11/86
(2013.01)
(21)  Appl. No: 14/761,480

(57) ABSTRACT
(22) PCT Filed: Mar, 6, 2014

A supercapacitor comprises a single core (preferably an elec-

(86) PCT No.: PCT/GB2014/050657 wically conducting fibre core) laving sequential coaxial lay-
§371 ()1, ers of: (1) @ fisst electrode, (i) a gelled electrolyte which

2) Date: Jul. 16, 2015 lunctions s a separator for the supercapacitor, (111) a second

' electrode, and (iv) a conductor for collecting current, A tur-

(30) Foreign Application Priority Data ther supercapacitor layer can be provided, The supercapacitor
fibre can be incorporated into fabric to form articles of cloth-

Mar. 6.2013  (GB} et 1304033.2 ing.
60

1\2 3\ /

\
)
)

I
__\‘I/

e ENTERPRISE
70 “Powerweave” Patent(s) published [PCT]:

700 metres of Energy Storage thread has
been woven into a functional structure
using industrial (production) machinery
(Nov 2015) so TRL7 can be claimed?
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Harrison, D, Qiu, F, Fyson, J, Xu, Y, Evans, P, Southee, D (2013) A coaxial single fibre
supercapacitor for energy storage, Phys. Chem. Chem. Phys, 15, pp.12215-12219, Full
text: http://pubs.rsc.org/en/Content/ArticleLanding/2013/CP/C3CP52036F. DOI:
10.1039/C3CP52036F.

* ENTERPRISE
“Powerweave” Patent(s) published [PCT] :

700 metres of Energy Storage thread has been woven into a functional structure using
industrial (production) machinery .


https://dspace.lboro.ac.uk/2134/13008
http://pubs.rsc.org/en/Content/ArticleLanding/2013/CP/C3CP52036F
http://dx.doi.org/10.1039/C3CP52036F
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Wearable Opto-physiological

Monitoring Sensor
Research, technologies and commercialisation

Sijung Hu
Wolfson School of Mechanical, Manufacturing and Electrical
Engineering
Loughborough University
S.Hu@Ilboro.ac.uk
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Opto-Physiological Monitoring

Binary Heart

Focuses on 3 aspects:

« Optimisation & characterisation of
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tissue illumination,
« light interaction in biological tissue,

Illuminating tissue.

and
« effective capture of light trans-

Opto-physiology and

Photoplethysmography (PPG) are

consolidated into Opto-physiological

monitoring.



LOUGHBOROUGH

ENergy e :a M Loughborough
% T ﬁ&ﬁ?a_"’h '%? University

Opto-Physiological Monitoring - Issues

= The use of oversimplified PPG models to describe
and implement the technology has limited its
applicability

= The principles of current PPG is typically described as
a blood filled cuvette, based on the Beer-Lambert law

= No scattering effects (l, g) and the light sources are
assumed to be monochromatic
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. E . /,/-- Tri-.accelerometer
. . (in the back)
Novel Sensor deSIgn III Ill:— Multi-wavelength illumination sources
Redundant illumination sources at multiple = —— Photodetector
wavelengths H =R

Layout key IP feature, manage motion artefacts

Additional sensor options e.g. accelerometer,
temperature

Multiple versions built in house
Tested on colleagues v's commercial product

Moving to bespoke electronics

Gain full sensor control for performance
optimisation
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Wearable Sensor — Technology

PPG signals of heart rate monitored at different illumination wavelengths

d | J
" 5f e A, e e )

Pulsatile waveforms gained from three measurement sites (e. g. finger, palm

and forehead) under three wavelength illumination sources (e.g. green, red
and IR).
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Demonstrated equivalence with existing medical products

Vs. Nellcor IR forehead sensor Vs. Viamed O2sat finger clip
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Alzahrani, A., Hu, S*., Azorin-Peris, V., “A Comparison Study of Physiological Monitoring with a Wearable Opto-
Electronic Patch Sensor (OEPS) for Motion Reduction”, Biosensors, 5, 288-307 (2015);
doi:10.3390/bios5020288
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Link to movie

Ready to go?TRL 5/67?


Carelight_Loughborough University.mp4
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Dr Darren Southee, LDS2.06
Email: d.j.southee@lboro.ac.uk, Telephone: +441509 222662

Thank You
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