Education and
Consultancy Services

L ' EPSRC Centre for innovative
manufacturing in ultra precision

REPORT

ItM

on the

Roadmapping Workshop for the
EPSRC Centre for Innovative Manufacturing in
Ultra Precision

Reel-to-Reel Platform

The Workshop was sponsored by EPSRC

15 May 2014

Report drafted by Dr Nicky Athanassopoulou at IfM ECS

IfM Education and Consultancy Services Limited. Registration No: 3486934. Registered in England. The Old Schools, Trinity Lane, Cambridge, CB2 1TN

EPSRC

Pioneering research
and skills



waeg
Stamp

waeg
Stamp


Executive Summary

1. Executive Summary

The EPSRC Centre for Innovative Manufacturing in Ultra Precision organised a roadmapping
workshop for the Reel-to-Reel (R2R) technology platform with input from nine participants from
industry and academia in the UK. Its aim is to:

e Identify key industrial drivers and needs

e Identify which applications are emerging in ultra precision engineering that would
benefit from the technological advancements made in the R2R platform.

e Explore the best applications, their value for UK businesses and the best route for their
commercialisation.

e Develop a preliminary business plan for the selected applications.

This workshop followed on from a previous workshop that took place in October 2011 for the whole
EPSRC Centre in Innovative Manufacturing in Ultra Precision and explored in more detail the R2R
platform. The workshop took place on 15 May 2014 at Cranfield University.

The key market and industry drivers identified were the following:

1. Reducing manufacturing and operating product costs. Industry needs to respond to
continuous pressure for reducing manufacturing costs for both components and overall
systems, and reducing the operating costs for products.

2. Increasing range of consumer electronic devices. There is an on-going demand for
increasing the range and functionality of consumer electronic products and their sub-
components.

3. Increasing speed of manufacturing. There is pressure to increase the speed of
manufacturing, enable rapid volume scale up and have a faster turn-around of products.

4. Renewable energy generation and storage. There is a global driver for increasing the
generation and storage of renewable energy.

The priority future applications identified were predominantly around the development of
technology for machine control applicable to a variety of products and industries. These were:

1. Registration information on 3 axis (X, y, z) better than or equal to 1 ym to enable the
development of multi layer functional devices, e.g. TFT for logic or smart packaging on thin
glass, plastic or paper.

2. R2R handling of thin glass and plastics including tension and precision position for single
web. Lamination is included. This can facilitate the development of multiple printed and
aligned layers e.g. OLED!/lighting or photovoltaics as well as printed and/or flexible circuit
boards and large scale, programmable displays.

3. Small format R2R flexible tool to facilitate development of R2R processes and products.
The tool can be used for small sheet/width roll in a flow process to enable the transfer of
processes and products from lab to volume by offering a pre-production capability.

After exploring these applications in detail, applications 1 and 2 were considered to be addressing
similar issues and were summarised together.

The most important R&D priorities to deliver these applications were:

Modelling of materials and processes
Fiducial design especially in 3D
Incorporating in-process metrology
Demonstrate 1 uym control

Designing friction free spindles
Control system

Sensors and measurements
Substrate development

. Spray coat precision

10. Vacuum gate technology
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2. Methodology [IZENENNENE

2. Methodology

The methodology used to develop the roadmap consisted of three parts: a Design and Pre-work
part, the Workshop and the Analysis and Client Report.

1. The Design and Pre-work consisted of the following
activities:

(a) confirmed with the workshop sponsors the key aims and
desired outputs from the workshop;

(b) designed the appropriate roadmap architecture and group
templates;

(c) Designed suitable pre-work templates that resembled the
roadmap architecture to collect input from the participants. - ==
These were sent to 12 people from both industry and i-
academia in advance of the workshop to collect their input on

the future applications they considered the most important. Six !
people contributed content for the roadmap in advance of the
workshop and independently of others; all participants
contributed additional content during the workshop;

. puTomiER
Fneesaerr

o

(d) Circulated to the participants in advance of the workshop
pre-defined lists of Opportunity and Feasibility criteria that
could be used to assess each future application. Each person
was asked to independently select (vote on) the criteria they
considered key for assessing each application. All votes were
collected and consolidated. The criteria that received the most
votes were used during the workshop to prioritise the various
applications;

(e) received and clustered all input;

(f) designed the workshop process and required collateral
material for the workshop (facilitation slides, participant
handouts etc).

2. The one-day Workshop brought together 9 participants
from industry and academia. The workshop aims were to:

(a) present each participant’s input on the future applications
in ultra precision for R2R;

(b) prioritise the applications using the pre-defined selection
criteria;

(c) select the most suitable manufacturing applications to
explore further;

(d) explore the shortlist of manufacturing applications in
groups and determine the desired technology
development plans and collaboration opportunities and
identify the most important R&D priorities;

(e) determine the common research themes emerging from
the shortlisted laser-based manufacturing applications.

3. The final part consisted of the transcription of all output from
the workshop into an electronic format, content analysis and
the drafting of the Client Report.
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Background and Previous Work

The report can be used by the workshop sponsors for setting
research priorities and, if appropriate, communicating these
with academic, industrial or public sector stakeholders.

3. Background and Previous Work

The EPSRC Centre for Innovative Manufacturing in Ultra Precision undertakes early stage
production research to establish new processing technologies needed for the effective production of
emerging products, with global outreach. The Centre was established in 2011 and in October 2011
it conducted a workshop to roadmap the market and industry drivers and future applications in ultra
precision.

The Centre conducts research in three technology platforms; Nano-FIB, Meso and R2R. The initial
workshop mapped all three platforms in parallel, reviewed key trends and drivers and identified
future applications, which could result in novel Production Machines and Products and enabling
technologies to support these.

The original roadmap developed for the Centre is shown below:

The EPSRC Centre for Innovative 2011 2016 2021 026
Manufacturing in Ultra Precision Short-term (+ 5 years) Medium-term (+ 10 years) Long-term (+ 15 years)
Social Consumer Products & Electronics
o | Technological Healthcare
®© = | Economic . .
< 2| Envionmental Production Cost Reduction
SF| Pl Energy Cost Reduction
2 g | NanoFiBPlatiom
= 9
2R}
3.2 | vesoplatom LEDEverywhere  High LIDT OpticSli»
i=ya)
Roll-to-Roll Platform
[%2)
S | NenoFiBPlatform Sensors
£} Electronics
D O | MesoPlatform Lighting
22 Renewable Energy / Lighting
T <C | Roll-to-Roll Platform Displays
Electronic Com & Devices  Smart Windows __Production Processes
Production Machines High Resolution Patterning Speed
4] Lasers
= Use of Novel Materials
S Ability to Multi-process  Improved Dynamic Range & Stability Thermal Stability
i
% End Product Optics Optoelectronic Devices
2 Definition accuracy 3D Micro-, Nano-structures High Resolution Patterning Roll-to-Roll Electronic Products
<) F ze
a O ce conditioning Surface Engineering In-situ Metrology
Roll-to-Roll Lighting Products g Lighting
Ultra Precision Machines & | P oS M
Metrology
Energy Beam Techniaues - Newlases
Accretion Adoption Methods Process Cost Reduction -1
1% Imprint & Emboss Methods _
& | quality Control for Multifunction UpM — —
= Other Surface Engineering Surface Engineering
o . .
< Roll-to Roll Ultra Precision Machines
I —
(8] Ultra Precision Processes Multi Processes and Materials
—= Materials '
S ; 3D Nano / Micro structures
':.E) New Materials
) Scale High Resolution Machinin
~ ; , g 9 .
Configurabilityi.. digital Laser Pattering Processes )
Holographic Processes
EPSRC
© Copyright Institute for Manufacturing Roadmap Report for CIMUP Page 5 Author: Nicky Athanassopoulou, IfM  naal4@cam.ac.uk Program Sponsored by

Figure 1 — Original Roadmap for the EPSRC Centre in Ultra Precision (Oct 2011).
The three technology platforms were also explored in more detail during that workshop to establish

required targets, technology developments and knowledge gaps, enablers and drivers. The
summary plan derived for the R2R platform is shown below.
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R2R Roadmap Summary I
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Figure 2 — Original exploration of R2R technology platform for the EPSRC Centre in Ultra Precision
(Oct 2011).

Considerable technological development has taken place since then. The Centre now wants to
develop innovation roadmaps for each of its technology platforms. The first one organised was for
the R2R platform.

4. R2R Roadmap Summary

The roadmap covers three time periods: the short term (+2 years i.e. up to 2016), the medium term
(+5 years i.e. up to 2019) and the long term (+7 years i.e. up to 2021). Nine people in total from both
industry and academia contributed with content for its creation.

The roadmap includes three broad layers; (1) Market and Industry Drivers, (2) Future Application
and (3) Technical Capabilities. The Market and Industry Drivers were further subdivided into the
following layers:

la. Macroeconomic drivers such as Social, Technological, Economic, Environmental and
Political;

1b. Industry Drivers;

1c. Other.

In total, 20 market and industry drivers were identified. These were distributed mainly in the short
and medium term. Most were relating to industry drivers.

The Future Applications were also subdivided into the following layers:
2a. Development of Technology for Machine Control;

2b. Platform Testing of New Processes;
2c. Machine and System Design Consultancy and/or Analysis;
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Market and Industry Drivers

2d. Event provision and Ultra Precision Community Collaboration;
2e. Industrial Training;
2f. Other

In total, 41 future applications were identified. Approximately 90% of those were in the short and
medium term. The applications were well distributed between the different layers.

The Technical Capabilities were subdivided into the following layers:

3a. Ultra Precision Machines and Metrology
3b. Ultra Precision Processes

In total, 21 technical capabilities were identified during the workshop. These were well distributed

from the short to the long term and between the two sub-layers.

A schematic of the roadmap is shown below.

: R2R Platform 2014 2016 2019 2021
i i ]
Stateof ! | - .
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Figure 3 — Roadmap for the ultra precision R2R platform.

5. Market and Industry Drivers

The list of Market and Industry drivers developed in the original workshop was collected and used
as input for the R2R platform. The participants were given the original list and asked during the
exploration of the three priority applications (group work) to assess which ones were relevant for the
particular application under consideration. The prioritised list of drivers that emerged is shown in the
table below. Four new industry drivers were added to the original list, namely: U.) Ease of UK
“shaking the bottle”; V.) Rapid Product Development; S.) Standards in Ultra-Precision R2R
Materials and T.) Processes that Extract Components from a Finished Product. The full list of

drivers is shown in Appendix 4.
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Market and Industry Drivers [|EX GG

Reducing manufacturing Pressure for reducing manufacturing costs for

B . both components and overall systems, and 3
and operating product costs reducing the operating costs for products
G Increasing range of Increasing range and functionality of consumer 3
consumer electronic devices electronic products and their sub-components
; Increasing speed of manufacturing, rapid
F lereasing §peed of volume scale up and faster turn-around of 2
manufacturing products
K Renewable energy Increase the generation and storage of 2
generation and storage renewable energy
. . Designing and producing eco-friendly products,
Increasing environmental systems and services; promoting low carbon
A awareness i.e. resource and energy production and transport; incorporating 1
energy consumption renewable energy production; reducing
resource utilisation
. Introducing new or improved methods for point-
Increasing need for of-care diagnostics and health monitoring;
C healthcare monitoring and reducing healthcare costs; increasing the 1
diagnostics speed of healthcare monitoring and diagnostic
methods
. . Information exchange between different
D Integration of devices and devices aided by the internet; better 1
communication systems integration of communication systems and a
better connected mobile world
. Better product designs; design freedom;
H  Better product design improved size, weight and cost 1
L  Luxury commodities Increase of demand for luxury commodities 1
Requirement for low roughness of specific
M  Low roughness surfaces 1
Ease of UK “shaking the
R " 1
bottle
Q Rapid product development 1

Table 1 — Prioritised market and industry drivers for the ultra precision R2R platform.

The top four market and industry drivers were:

1. B. Reducing manufacturing and operating product costs. Industry needs to respond to
continuous pressure for reducing manufacturing costs for both components and overall
systems, and for reducing the operating costs for products.

2. G.Increasing range of consumer electronic devices. There is an ongoing demand for
increasing the range and functionality of consumer electronic products and their sub-
components.

3. F.Increasing speed of manufacturing. There is pressure to increase the speed of
manufacturing, enable rapid volume scale up and have a faster turn-around of products.

4. K. Renewable energy generation and storage. There is a global driver for increasing the
generation and storage of renewable energy.

This is consistent with the market and industry drivers identified originally: Production Cost
Reduction, Energy Cost Reduction, Renewable Energy and Consumer Products & Electronics.
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Prioritisation of the Future Applications [N G

6. Prioritisation of the Future Applications

Each of the 41 applications put forward during the workshop was assessed using two different and
broadly separate considerations: Opportunity and Feasibility. Opportunity was defined as the
magnitude of the opportunity plausibly available to an organisation. Feasibility was defined as how
well-prepared the organisation is to grasp the opportunity.

For both Opportunity and Feasibility, a list of factors was provided to all participants in advance of
the workshop. Each participant independently selected the ones he/she considered to be the most
appropriate for assessing the applications. The factors are shown in the green and yellow tables
below.

Table 3 — Feasibility factors used to assess the various future applications.
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Prioritisation of the Future Applications

All the votes received were consolidated in advance of the workshop. The total number of votes
received for each factor is shown in the figures below.

Opportunity Feasibility

Future potential ) N
) | | Technical capability
Industry/market readiness

Market size Technical challenge

Customer henefit Fit to manufacturing and/or supply chain

Increased margin, or benefit per unit
e, L Market knowledge

Synergy opportunities

. . . custainability of competitive advantage
Cur sales potential in a given time

Competitive intensity in Market Fraduct differentiation

Business cost reduction or simplification Fit to sales and/or distribution

Market growth
g Strategic fir

Impact on key customer relations
Finance

Learning potential Crganisational backing

Impact on Brand Image

0 0.5 1 15 2 2.5 3 0 05 1 15 @ 5 3 35 4 45

Figure 4a - Total votes received for all the Figure 4b - Total votes received for all the
Opportunity factors. Feasibility factors.

The factors that received most votes for both Opportunity and Feasibility are shown in the figures
below. These were used during the workshop to assess and prioritise all applications.

Opportunity Feasibility

| | Technical capability

Technical challenge

Future potential

Industry/market readiness . | |
Fit to manufacturing and/or

1 ‘ supply chain | |
Market size | Market knowledge
| I I
0 1 2 3 4 0 1 2 3 4
Figure 5a -Top three Opportunity factors selected Figure 5b - Top four Feasibility factors
and used in the workshop. selected and used in the workshop.

The assessment process had two parts. Firstly, each participant was asked to review the 41
applications and independently select four to eight of them, based on the three Opportunity factors.
Participants were discouraged to vote for the applications they had contributed unless they were
part of bigger group or cluster.

In the second step, participants were asked to consider only applications that had already been
selected using the opportunity factors. Each participant was then asked to independently select
four to eight applications of these based on the four Feasibility factors.

A shorter list of 20 applications was thus derived and considered further during the workshop. This
shorter list contained mainly applications for the Development of Technology for Machine
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Prioritisation of the Future Applications

Control or for the Platform Testing of New Processes layers of the roadmap. The shortlist of
applications is shown in the Table below.

Application Feasibility | Opportunity

26. Web-to-web electrical component transfer with high precision alignment / 3

23. Small Format R2R Pilot Line
18. Registration Roadmap

16. Substrate Distortion

40. Consultancy Pool

20. Inert/ Vacuum Transport system
8. Demonstration of R2R supercapacitors
13. Collate Specification of Roll2Roll process requirements

19. Defectivity

41, UK Training Development (R2R) as per TNO

5. Provide training in web technology
10. Flexible test R2R machine product

21. Develop Rapid Alignment of Micro-patterned substrates to Masks in a Roll to
Roll format

32. Membership Club
6. Equipment design service

9. Multilayer R2R PCB production with laser cut vias

17. Alternatives to Monolithic Processes

2. Develop R2R handling systems for laminating webs of Thin Flex Glass (TFG)
1. Develop R2R handling systems for single webs of Thin Flex Glass (TFG)

22. Nano-Imprint-to-Foil Process Platform

RPINININININININ [ WWWWwWwWw(d oo
AININEINIAIN O WIRLINWWWWIARO|W|OIO

Table 4. Shortlisted applications including the Feasibility and Opportunity votes received for each.

The shortlist was transferred onto a 2x2 matrix with Opportunity shown on the vertical axis and
Feasibility on the horizontal axis (see figure below). This was to facilitate decision making and the
selection of the most appropriate applications to explore during the workshop. Applications placed
on the top right quadrant (High Feasibility and High Opportunity) were of immediate interest.
Applications on the top left quadrant (Low Feasibility / High Opportunity) may represent possible
long-term opportunities. Applications placed on the bottom quadrants (Low / High Feasibility and
Low Opportunity) are not automatically dismissed as they might enable other applications or support
longer-term prospects.
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Prioritisation of the Future Applications

.=
21.Develop Rapid Alignment of Micro-
patterned substrates to Masks in a Roll to
Rollformat
Bt ‘ . 23:5mall Farmat Rolkta-Rall Pilat Linz
40 Consultancy Pool 1% Registration Road map

5 -
= & Equipment design service
el n
v— 4 ’ ‘ 0 20 Inert/ Vacuum Transport system
c
b= | 22, Nano-Imprint-to-Foil ProcessPlatform
t 26 Web-to-web alactrical component
o 10.Flexible test RZR machine product transferwith high precision alignment
o 19, Defectivity 16.5ubstrate Distortion
03 - 8.Demonstration of R2R supercapacitors . .

9. Multilayer RZR PCB production with 13. Collate Specification of Roll2Rell
laser cut vias processraquiremants
1.Develop R2R handling systems for single
2 4 websaf Thin Flex Glass (TFG) . 41.UK Training Development (RZR) as per
TNO
2.Develop R2R handling systems for
laminating wehs of Thin Flex Glass (TFG)
32.Membership Club
1 - ’ ‘ S Provide training inweb technology
17 Alternativesto Manolithic Processes
0 T T T T T T T |
0 X 2 3 4 5 6 ¢ 8

Figure 6 — Application prioritisation chart using Feasibility-Opportunity axis.

All participants were involved in choosing which of the applications were most appropriate to take
forward. Some applications were synergistic and were grouped together. These were:

e 1. Develop R2R handling systems for single webs of Thin Flex Glass (TFG) and 2. Develop
R2R handling systems for laminating webs of Thin Flex Glass (TFG)
e 10. Flexible test R2R machine product and 23. Small Format Roll-to-Roll Pilot Line

Three applications were selected using a consensus-based process that took into consideration the
following aspects to achieve a balanced selection:

e relative scores of each application and their position onto the 2x2 chart
e the timeline of the application (short, medium or long-term)
e the specific expertise of the workshop participants

The following three applications were selected for further exploration:

1. R2R handling of thin glass and plastics including tension and precision position for single
web. Lamination is included. This can facilitate the development of multiple printed and
aligned layers e.g. OLED/lighting or photovoltaics as well as printed and/or flexible circuit
boards and large scale, programmable displays. (Applications 1& 2)

2. Registration information on 3 axis (X, y, z) better than or equal to 1 ym to enable the
development of multi layer functional devices, e.g. TFT for logic or smart packaging on thin
glass, plastic or paper. (Application 18)

3. Small format R2R flexible tool to facilitate development of R2R processes and products.
The tool can be used for small sheet/width roll in a flow process to enable the transfer of
processes and products from lab to volume by offering a pre-production capability.
(Applications 10 & 23)
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Exploration of the Three Future Applications

A summary roadmap for the ultra precision R2R platform indicating priority
Drivers, Future Applications and Technical capabilities is shown below.

Market and Industry

) R2R Platform 2014 2016 2019 2021
i ] ]
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% Oth T ble on line Instrument film + : Metrology i Demonstration of
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£ G P Laser cutting Imprint . aidaia e
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Figure 7 — Roadmap showing the prioritised Market and Industry Drivers, Future Applications and
key Technical Capabilities for the ultra precision R2R platform.

7. Exploration of the Three Future Applications

Each application was explored in four steps. Initially, the scope and boundaries of the application
were considered as well its long-term goal and vision. Then its links to the market drivers and needs
were discussed. The technical feasibility was subsequently explored in detail especially in terms of
the required machines, metrology and processes, any success factors and knowledge gaps and the
milestones that need to be put in place to realise the final vision. Finally, the key R&D priorities were
summarised.

The participants were split into four groups, each exploring one application. The following people
participated in each group:
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Exploration of the Three Future Applications

R2R Handling thin

Registration glass and plastics

Small format R2R

Liam Blunt Dilwyn Jones
John Lampett Paul Shore
Paul Streatfield Nick Walker

Neil Davies
Cliff Joilliffe
Martin O’Hara

Table 5 — List of attendees patrticipating in the exploration of the three selected applications.

Each of these applications can potentially address many different markets from instrumentation to

healthcare, flexible electronics and sensors.

Collectively, the three applications can cover all the top four market and industry drivers and
adequately address the rest. The links of the three applications to the market and industry drivers

are shown below.

Registration

Reducing Manufacturing and
Operating Product Costs
Increasing range of consumer
electronic devices

Increasing speed of
manufacturing

Renewable Energy generation
and storage

Increasing environmental
awareness i.e. resource and
energy consumption
Increasing need for healthcare
monitoring and diagnostics
Integration of devices and
communication systems

> X T O W

I O O

Better product design
Luxury commodities
Large areas

Ease of UK “shaking the bottle”

DRIVERS AND INDUSTRY NEEDS
—

O X1 <

Rapid Product development

R2R Handlin
. 9 Small format
thin glass and
) R2R
plastics

Table 6 — Links of the most important market drivers and needs to the three selected future

applications.

The high-level roadmaps and summary mini-business cases derived for each of the applications are
shown below. These include a more detailed specification for the application defining the
boundaries, the long-term vision, the desired future performance characteristics, the milestones
necessary to achieve the vision, specific technical capabilities for each milestone and desired

research priorities.

The Registration and R2R handling thin glass and plastic shared the same business case as it

became clear that they are fundamentally very similar.
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Exploration of the Three Future Applications |G

VISION
Enabling multi layer functional
devices, eg TFT for logic or Smart

Registration
Including: Plastic films, Glass (flexi) Paper, Substrate material modelling
Excluding: Not Si, Fiducial manufacturing capability “smart”

packaging
Substrate positional
MILESTONE4 Infox, y, z
Betterthan or =1 um
MILESTONE 3 —10m/min !
29 Substrate distortion
2= 4L ) Glielr Prod capability Drive error, Tension control, Drive
i £€S$ accuracy
MILESTONE?2 iy <500mm web
worl_(mg . Complex feedback to drives from
1.Step & device multi Sensors
repeat @ layer TECHNICAL iducials: Design
~+1pm Machine AP :fg'\L,‘T‘ES Position  Density
2. @ builders functionality of —
MILESTONEL 0amimin ooy
2 layers pure Processes
RESEARCH 20-30 um demo goal ‘"‘z"";e: fe;fiback -
PRIORITIES Current R2R o omahanding
Si TECHNICAL Improved modeling
1. Modelling of —nm CAPABILITIES Fiducials for strain
materials and Components:
process a?;?gr;\lcvuscope
2. Fiducial design Traceable on line
3. Incorporating in measurement
process metrology Processes
4. Demonstrate 1 ‘Am‘lra(e drives with
ension control
pm control

Improved modelling

Figure 8 - Roadmap for the Registration application.

R2R Handling thin glass + plastics, tension + precision position single web + lamination
Including: STEP + REPEAT (fixed) vs continuous, Lateral positioning — measure + actuate — web steering - law — lens - 22?. Tilt control
Long positioning — how do you synchronise? Experimental test + modelling Need for control algosote

VISION

Excluding: Multiple printed and aligned layers
eg OLED ??/lighting
PV
MILESTONE 4 Printed circuit board
Completing Large scale, programmable displays
continuous processes Flexible circuit boards
with realignment
MILESTONE3 (how?) g <5 micon paceway in X, Y
Re-registering and ‘
MILESTONE 2 e Sell to end application companies
processing films hi
Make passive fim + Egslotdie x2 orslot (machines)
grating (sunched 72 6 a0y s Sell to machine builders (IP)
Surface) + measure processing Replace
1 e ther, ather side Better than current systems
Make large oven +2 processes on (now 30 p accuracy)
Passive film (on pads) same side
+on thin glass Registered lamination N
. ) Stop for re-alignment e
Light emitting film, for -
eg lighted wallpaper
Demonstrator
MILESTONE 1 Q42015
RESEARCH As0sop
PRIORITIES TECHNICAL TECHNICAL
1. Spindle CAPABILITIES CAPABILITIES
> Cpln IS Components: Metrology
- Control system Friction free spindles Laser atlation
3. Sensors and Sub micron error Inkjet printing
measurements motion Gravure printing
4. Substrates Gratings and
Heidenhen or Renishaw
Metrology
Ability to measure
stretch and compensate
Force + position
Processes
UV cast 777
Slot die coat

Figure 9 — Roadmap for the R2R handling of thin glass and plastics application.
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Mini-Business Plan

Exploration of the Three Future Applications |G

Opportunities

Opportunity: Active film business + R&D

Team:

* Customer Need
« Market Need

There is an opportunity for:

+ active films Packaging
Product/ service offering Passive film — active film — products Displays
— Adv. — [large scale mould fab] Branding
Machine building ca . .
geap + M/C builders «—supply chain
- [TSB]
Competitors TNO — VDL flow +CPI — partners
Fraunhofers busi
Samsung + new businesses
3M
Current technology and LAE — contacts — new device ideas This will be delivered by:
capability readiness MET — EU projects — contacts ] ]
ﬁ“‘eas”r.'"g solutions EPSRC Funding Metrology
Mend/fix awareness

UP — build positioning of stable ‘parts’

Large area electronic

Specify required outcomes
and timing

By 2016 — passive film — income
Cred
justification of renewal

Ultra precision

CPI/Catapult/New businesses

Key Actions

*Establish passive film fab capability

Market / Technology intelligence gaps

Key enablers

As per registration summary

Up positioning of films.
Films Awareness
Data

« Key barriers and risks
* Upside and downside
« Critical Gaps

International comp + speed of their development funding ‘stops’

Figure 10 — Mini-business plan for the Registration and R2R handling thin glass and plastic

applications.

Small format R2R

Including: Short-run sheet <5m, Modular , Inkjet, Imprint , Inspection cleaning, Spooling cartridge system, Laser patterning and cutting, Glass and =
plastic textiles, Registration method, Vacuum process, Lithograph, Feature size ~ 2mm, Spray coat, Lamination, Metallisation

Excluding: >150 mm + width greater than 10m, Scaleable, Licenced IP process technology?, 3@

MILESTONE3
Abbott medtronic
Metrology
Renishaw Fanuc
GSK, FFEI
MILESTONE 2 PPL, CDI
Motion and Plastic Logic
control Casio, Citizen,
Aerotech Swatch, 3M,
Bosch + recroth Varta, Duracell
MILESTONE 1 Spooling BiOCesS
: modules
No standard Timsons Application
design Basic machine s s il
“Create b Ilaym:t TECHNICAL
[y ELsiitigy CAPABILITIES
conventional customers Metrology
RESEARCH semi methods Metrology
PRIORITIES *Real to Real registration
1. Spray coat either lab or TECHNICAL Processes )
p_ _y very specific CAPABILITIES Spray or slot die
precision Components coat
apps , .
2. Vacuum gate Imprint
technology Proc Laser cutting
Other
Ability to measure Metalisation
stretch and Lamination
compensate
Force + position

-
VISION
Small sheet/width roll in a flow
process ~ 150mm
Lab — Proto/pre-prod — volume
MILESTONE 4 Sheet — to — roll
Batch — to — flow
SME launch SME Business making platform
machines for R&D
Sales to apps + suppliers
Ongoing module sales10-100 units /
\ perannum
TECHNICAL T
CAPABILITIES
Metrology
Vacuum

Figure 11 — Roadmap for the small format R2R application.
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Opportunity: Small format R2R

Team: Neil Davies Cliff Joliffe

Martin O'Hara

« Customer Need
« Market Need

Small scale flexible tool to facilitate development of R2R processes and
products

Mid step from lab scale to volume (ie prototype/pre production)

Prove of sheet-to-roll and batch-to-flow

There is an opportunity for:

Product/ service offering

Modular roll processing machine
Low consumable cost (low volume processes)

Competitors

Sheet based lab & custom built roll processing (all ‘one-off’)

Current technology and
capability readiness

Use current state-of-art roll-to-roll machine capabilities
Process modules can be adapted from existing 3" parties

Instrumentation, plastic electronics +
machine builders

Small volume applications to realise cost

benefits

New business creation without high
production costs

This will be delivered by:

Specify required outcomes
and timing

Identify potential customer + market size within 12 months
Have operating spool-to-spool within 12 months

Identify demonstrator + fabricate by 24 months

Determine vacuum feasibility by 24 months

SME launch 36 months

Key Actions

Build business case
Identify funding source

New UK SME
CIM in UP — technology

Existing paper/label equipment
manufacturers

Market / Technology intelligence gaps

Key enablers

TSB or Horizon 2020 funding
Industrial sponsor

+ Key barriers and risks
+ Upside and downside
« Critical Gaps

Wider industry not interested (lab — vol)
Could lessen move to large scale volume
Lowers barrier of entry for other companies
Vacuum processes + feasibility in-line?

Market size + understanding (is UK big
enough?)

Suitability of vacuum processes

Has it already been done overseas?

Figure 12 — Mini-business plan for the small format R2R application.

8. R&D priorities

©OoNorwWNE

Modelling of materials and processes
Fiducial design especially in 3D
Incorporating in-process metrology
Demonstrate 1 uym control

Designing friction free spindles
Control system

Sensors and measurements
Substrate development

. Spray coat precision

10. Vacuum gate technology

IfM Education and Consultancy Services Limited. Registration No: 3486934. Registered in England. The Old Schools, Trinity Lane, Cambridge, CB2 1TN

The following R&D activities were considered most important by the participants in delivering the
selected applications:




Knowledge Gaps and Enablers

R2R Handling Small format
Registration | thin glass and
) R2R
plastics

Modelling of materials and
processes

2 Fiducial design especially in 3D

3 Incorporating in-process
metrology

Demonstrate 1 ym control
Designing friction free spindles

Control system

R&D Priorities
~ o ()] SN

Sensors and measurements

Substrate development

© o

Spray coat precision

10 Vacuum gate technology

Table 7 — Link of R&D priorities to the three future applications.

9. Knowledge Gaps and Enablers

All of the knowledge gaps identified were technical and related to specific processes, metrology or
material understanding.

The enablers were predominantly centred around economic support or incentives, such as funding
through national or European projects, or commercial, such as understanding specific markets,
targeting large enough markets or accessing industrial partners to transfer technologies and know-

how.

The table below summarises the knowledge gaps and potential enablers identified.

Knowledge Gaps

Process effects

Accurate tension measurement

Understanding and modelling of processes and substrates
Substrate variability

Specifications

Vacuum processing

Enablers

Market understanding

Market size

TSB and H2020 Project

Good OK SME base in plastic electronics
Paper and label business looking to diversify

Table 8 — Knowledge gaps and enablers for the ultra precision in R2R platform.
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Conclusions

10. Conclusions

A roadmapping workshop organised and sponsored by the EPSRC Centre in Innovative
manufacturing in ultra precision for the R2R platform in May 2014. The Centre aims to create ultra
high precision manufacturing processes and tools that can make products with nanoscale precision.
Furthermore, it aims to be a knowledge ‘hub’ and link academia with UK industry and other leading
international organisations.

The workshop brought together 9 participants from industry and academia in the UK to understand
the market and industry needs, prioritise relevant applications and assist in developing appropriate
R&D priorities for the UK for the R2R platform.

Three future applications were selected as priorities due to their potentially widespread impact on a
range of different markets and their relevance to the Centre’s key objectives. These were:

1. Registration information on 3 axis (X, y, z) better than or equal to 1 ym
2. R2R handling of thin glass and plastics
3. Small format R2R flexible tool to facilitate development of R2R processes and products.

The key R&D activities necessary for delivering these applications were:

1. Modelling of materials and processes
2. Fiducial design especially in 3D

3. Incorporating in-process metrology
4. Demonstrate 1 ym control

5. Designing friction free spindles

6. Control system

7. Sensors and measurements

8. Substrate development

9. Spray coat precision

10. Vacuum gate technology
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Appendix 1 — Participants List

11. Appendix 1 - Participants List

NAME ORGANISATION
Liam Blunt Huddersfield University
Neil Davies Pragmatic Printing
Enza Giaracuni CIM - Facilitator
Cliff Joilliffe Aerotech

Dilwyn Jones Emral

John Lampett CPI

Martin O’Hara CIM - Facilitator
Paul Shore CIM

Paul Streatfield Bosch-Rexroth

Nick Walker iXscient

Nicky Athanassopoulou IfM ECS - Facilitator
Andi Jones IfM ECS - Facilitator

12. Appendix 2 — Participant Feedback

Feedback was received at the end of the workshop from 7 participants. 97% considered the
workshop to be Excellent, Very Good or Good as well as useful and stimulating. All considered their
participation worthwhile. The detailed feedback is shown below.

Joininginstructions and pre- Opening remarks and Facilitation of the 5 E)(cellent
workshop information introduction to the workshop workshop . )
0O4. Very Good
03. Good
O2. Satisfactory
1. Poor
Structure / process ofthe Opportunityto participate and Make-up of workshop
waorkshop contribute participants
0.967213115
Time keeping Catering Venue Excellent, VG or

Good (Overall)

OO
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Appendix 3 — Workshop agenda

| foundthe workshop | enjoyedthe workshop | found my participation
stimulating worthwhile
97%
| feell have contributedto the Theworkshop provides useful
warkshop insights Strongly agree or

O5&. Strongly Agree Agree
O4. Agree

0O3. No comment

O2. Disagree

[ 1. Strongly Disagree

OO

13. Appendix 3 -—Workshop agenda

09.45 Arrival

10.00 Welcome, Introductions and Overview Prof. P. Shore
10.20 Individual presentations on Applications All

11.40 Prioritisation of the most important applications All

12.30 Selection of top 3-5 Applications All

13.00 Lunch

13.45 Break-out Group Work: Explore the selected applications In Groups
15.30 Identify/Understand the technologies to be developed/integrated | In Groups
16.30 Feedback and Review All

17.30 Close

14. Appendix 4 — List of all Drivers and Industry
Needs

Designing and producing eco-friendly products,

Increasing environmental systems and services; promoting low carbon
A awareness i.e. resource and energy production and transport; incorporating 1
energy consumption renewable energy production; reducing
resource utilisation
Reducing manufacturing Pressure for reducing manufacturing costs for
B . both components and overall systems, and 3
and operating product costs reducing the operating costs for products
. Introducing new or improved methods for point-
Increasing need for of-care diagnostics and health monitoring;
C healthcare monitoring and reducing healthcare costs; increase the speed 1
diagnostics of healthcare monitoring and diagnostic
methods
. . Information exchange between different
D Integration of devices and devices aided by the internet; better 1
communication systems integration of communication systems and a

better connected mobile world

E Improving device portability  Designing and producing portable devices with
and energy consumption low energy consumption; Improving battery life
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Appendix 5 — Electronic transcription of Workshop Outputs

; Increasing speed of manufacturing, rapid
F Increa]lcsmg gpeed of volume scale up and faster turn around of 2
manufacturing products
G Increasing range of Increasing range and functionality of consumer 3

consumer electronic devices electronic products and their sub-components

Better product designs; design freedom; 1

H  Better product design improved size, weight and cost

Ease of use and better user  Better or new user experiences and ease of

experience use
Improving Product Improving product and service reliability and
J - performance; produce more rugged and
Reliability & performance stronger products
K Renewable energy Increase the generation and storage of >
generation and storage renewable energy
L  Luxury commodities Increase of demand for luxury commodities 1
M Large areas Requirement of processing large areas 1
. Ability to implement new solutions or products
N Retrofit into existing infrastructure
O High LIDT optics
p Automotive — engine Increasing requirement to improve engine
emissions performance and reduce automotive emissions
Q Rapid product development 1
r Ease of UK “shaking the 1
bottle”

s Standards in ultra precision
R2R materials
Processes that extract

T components from finished
product

15. Appendix 5 — Electronic transcription of
Workshop Outputs
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Appendix 5 — Electronic transcription of Workshop Outputs

) R2R Platform 2014 2016

Centre for innovative State of Art

wdacturing in

Short term (+2 years)

Social
Technological
Economic

Environmental
Political

Market &

Industry Drivers |

Industry Drivers
Other

w |
' [ Glass (TFG)
‘What: Software Modelling of substrate distortion due to web Gl

Development of Technology for Machine Control

= 1.
The: Eakiae Technology. Tite: Colate Specification of RollZRol process |  resits, targets, mask) are ao.

matches process requirements. ed, tensi ifac ditf i
: WontTo Her ol 05 Sccrscywidth tempersur How
Platform Testing of New Processes How: Consultation ‘Why:To specify technology requirements. ‘When:2-3years
When:Srterm Hows process matrix

Name:P Sueatiid WhentShortterm
Name: P Streatfield

2.

When: Medium/Lor
When: ng “Minimise cleaning

7 0.
Tite: Troubleshooing team Openstandg
What:Set up 3 small team that can go toa company
 equipped with
Knowledge, messurement and slgnment oo,

encoding.
“Enables competion etc

Machine and System Design Consultancy and / or
Analysis

. Ly % 2. 5
Tie: Inegrating Capabilies o Tie: oint events

jame: Jones D

Event provision and Ultra Precision Community
Collaboration

How: actviy/ousiness
l fAneret When: Medium HowJaint events.
a team willbe ble o provide guidance, matching needs 38 Name:

noductons. |e buiding  Til: Software based by

Fonthe itemet.For

Future Applications

perTNO.
w

Jargely funded b the users (consultany). nesafen|
s = = Why:Tesch essenils not widely b
A oaves When:short hy: Teach esentss not widelyknown,
Hows Fom  provider ordevelop coures n

hat:
“Plsticchemistey

Industrial Training i Nar
“recson abication

a5 needed.

a

Tike: Technology Review

What: Uterature review,investigaton of

currentrelevant projects woridvide (eg £C
dec)

3.
Tt Intellectal Property Survey
o . 3

o1

Other

2 besought. production process

YOO dapted. “Understand energy Why: To define “state of the art”, and 1

protect. b f  requirements 1 orovidea design basis for further work [

s sSeskto minimise How: Reading and visits o ke companies.
andinstitutons.

When:Shartterm but maintainshterwards
nes D

Ultra Precision Machines & Metrology
Web Control

Printing Techniques

Structured Surfaces

Lamination

Separation/Cutting

Mterology and Quality Control

Other

Name: Jones 0. s

Ultra Precision Processes
Materials

Precision

Throughput / Volume

osts.
Scale / Configurability i.e. digital
Other

15 May 2014 Supported by

) R2R Platform 2016 2019

wareative State of Art

EPSRC Centre.
manutacturing in ultra precsion

Medium-term (+5 years)

'
1

'

1

Social Environmental i
Technological Political |
'

1

'

1

1

Processes that extract components from fnshed product
+Forrecycling.

Economic

Market &
Industry

Drivera

Industry Drivers
Other

Development of Technology for l
Machine Control 2

B
Roll o Roll format o Tite: ultiayer RZR PCB production with aser cut vias

Platform Testing of New
Processes

2

" are needed, and thesewil || Why: Aduancement ontateof heart n fleble P35
[up new markers. metrology Srvessets

nersalref S
. Tite: Equipment design service

23barrer 4> Packaging
35speed

Machine and System Design = f RS incing iy e siarae e gt ord | | e
Consultancy and / or Analysis o6 cesgnprvens "

1. a0 provide xpertinput o desan =
Title: Forum for UK M/C Builders and End applications. hen E"’;‘I::z:““‘ short projects Title: Exhibition umbrela
Equipment suppliers Eventstoidentity end products ncifferent [0 1 ‘What: /s xhiitons for SMEs
‘What: Promote Pinted lecronics to UK S markets . Why: UK exposure
Machinebuilders =>hequirements for applcations 36.

Why: Ensure UK mjc manfacturers are m Tile: Representation at event PE2014 example
awareof the opportunities

Event provision and Ultra
Precision Community
Collaboration

Future Applications

Inegrated bulding product
demonstrator

Industrial Training

‘What: Building on whih technologies can be o
shown and added |

How: Eas access to bulding servie.
tediumtor

1 . When:
Tl Compexsecuntyprodost Tite: High precison active backplane. L3

Other

Ultra Precision Machines &
Metrology

Web Control

Printing Techniques
Structured Surfaces
Lamination

Separation/Cutting

Mterology and Quality Control
Other

‘When:medum
Name: NSW

Ultra Precision Processes
Materials

Precision

Throughput / Volume

Technical Capabilities

Costs
Scale / Configurabily ie. digital
Other

EPSRC

15 May 2014 Supported by
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!
R2R Platform ; 2019 2021
i
State of Art ! Long-term (+ 7 years)
an ]
Social Environmental , B e e
N o : RenewableEnegy generation
B > Technological Political 1
- s 2 Economic || What increase the renewable encrgy
o o 1| eenerationand storage.
£352 i .
g I=¥=} Industry Drivers !
i
Other 1
i
]
Development of Technology for Machine Control |
i
|
i
]
Platform Testing of New Processes }
» ]
=3 ]
2 !
= Machine and System Design Consultancy and / or ]
K] Analysis .
= ]
2 |
Py Event provision and Ultra Precision Community }
5 Collaboration |
E ]
> 1
L 1
§ ]
Industrial Training 1
]
]
i
]
Other |
]
]
Ultra Precision Machines & Metrology 1
]
]
] Bigdana
' Soversubstate/eg
i methodalogy
]
S ]
3 ]
< ]
o 1
= ]
S i
s Ultra Precision Processes |
=
S Materials ]
D ¢ ]
@ Precision !
]
]
w EPSRC
H 15 May 2014 Supported by
" Pt
eto permitindustrial user to
simulate roll-based flex production on small areas.
oLt
resists, targets, masks) are too expensive 1o trial at scale
o | How: With industrial customers, establish a specification
Title: Develop Rapid Alignment of Micro-patterned substrates I 8 i E
Larage e e S e e T T
‘What: Enables fabrication of complex, multiayer, high-density When: 23 years
patterns on thin flexible foil 2. Name: Neil Davies
systems for F:6
laminating webs of Thin Flex Glass (TFG) €O
markets. tension in TFG T\lie: Title: Flexible test R2R machine product
e robust TFG R2R . What: Produce a deliverable design for a lab based
i logy pr process tool sets by M-Solv flexible test production equipment
industrial support. jow: Use i & Title: Consultaney Pool oo | i P quip o
When: 3.5 years 1. | fromUP project : i e Lo tialling
Name: Neil Davies Tt When: 24 months e ey skl sets AN | How: Design required for smaller unit (7), flexible work
F:2 weli - Name: Phil Rumsby e stations rather like Coatema
06 4 F2|  When:short When: Medium/Long
Teg| oz| W Name: NSW F3
& Name: : 2
process ool sets by M-Solv
Ho 18
fro 8. Title: Registration Road map.
- R D 10 R W Title: Demonstration of R2R supercapacitors. What: Improvements to registration
- Nano-Imprint.to-Foil G i
What: Provides a UV-NIL R2R materials development platform for ‘What: Develop a set of guidelines for machin B h
2 i " laver onlayer (overlay) registration 1um
process nvestigation mironment desig, inclding sfety,deanii Why: Low cost energy storage How: Digital dynamic patterning/ Diect write
. on 3 /el strates, e with e.g. Cambridge, fast When: 2.3 year
u 2laver n
NiL are needed, and - o LEApt
e o . i Te vt b OO | o cotoespctcion ol pacess || Ttls et Ve Timport e
, " : at: Abilty
photo-curable polymer research and adhesion physics, plus industrial jwj  When: Medium term requliments o3
) RS Name: Jones D P e e o suace e o e e B o
e e, conditions, accuracy, width, temperature. cuum gates / Inert pass-through
= Why: To specify technology requirements When:3 years
57 How: process matrix Name: John L
: 16.
Iy 19. Title: Substrate Distortion
9. Title: Defectivity
o LR PG e ; wha:Low/ handing tenslon, temperature and common processes
: g i . " .
o 32 g post \:;er processing Why: Defectively will kill functional devices B
Whats Companies pay fee tojoin  |ow: Need to work with flexible PCB company, printc{ 4, >
R e Title: UK Training Development (R2R) as per TNO. | Name: John Lampett
When: Medium {ihen: Medium U= ls =
N W] +Plastc chemistry
F2 | “precisionfabrication
55 -printne ‘collese’

5.
17 Title: Provide training in web technology
Title: Alternatives to Monolithic Processes ‘What: Set up courses to attend in person (open or

private] or complete on the Internet. For
differing speeds on the same line. techniciansand graduates.

the flexibiity of Why: Teach essentials not widely known.
How: C2C / Accumulators 2 Hows From a provider or develop courses in house,
When: 2-3 years by knowledgeable individual
Name: John Lampett When: set up 6 months, deliver as needed.

Small w2 || Nies

[

L . High
o Feasibility “
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Application: Registration | Participants: Paul, John, Liam SUMMARY
) 1. What is the
hat Plastic films Substrate <500mm Timson Euromat y
What's | Gass (flexi material e M-Solv | Quadtec s
IN: ; Edal IBSPE VA
: Paper modelling - ae \ Enabling multi
STEP1: Renishaw RRSolv layer functional
\S/f:o_pe and Future Fiducial :;’as _— Substrate positional H?ildeburg devices, eg TFT
ision What's manufacturi S‘[ " en Infox, y, z _ Stiss «Logic
ouT: ng capability 1 Better than or = ium +Smart packaging
: “smart” Complex l
feedback to ST
STEP 2 - - Inline: - drives from Substrate distortion Nippon screen
Linkto Key Indust R2R Exp§nd!ng Environmental metrology/ Sensars Drive error Applied materials
Drivers N)t/ae s Y — reduced Application -Manufacture vision Fiducials Tension control ey
cost || range Ll *Recycle L systems H PDefngn B Drive accuracy
e Position i i
Stateof At Shortter yp! b 2. What is the first
Demonstrator?
Actions?
20-30 pm 1 +1 pm error =>10 m/min
a. Demonstrators chain / stepping stones / Current Step & _
Steps towards opportunity R2R repeat @ im/min
Si ~+1lpm working device -
—nm multi layer Prod capability
> £€$
@ 0.1 m/min Machine
2 layers pure builders
STEP 3 demo goal
Roadmap for the Expand functionality 3. Key Technologies
Application b. Required of metrology Required
T.ecsgiucgle Traceable on line measurent i) (il —
Capabilities Accurate drives with tension o il
control Improved modelling
Improved modelling Fiducials 4 strain
Accurate
c. Success Factors / Knowledge Gaps tension
measurement
STEP 4: 1 2 3 4 4. Key R&D priorities
Key R&D priorities . . . .
Modelling Materials and Fiducial design Incorporating in Demonstrate 1 pm
- process process metrology control
I R2R Handling thin glass + plastics, tension + precision -
: - : L ! : SUMMARY
Application position single web + lamination Participants
<5 micon aceway in X, Y Over? Preview print to current print
STEP + REPEAT (fixed) vs continuous L. What I.S “Le
What's Lateral positioning — measure + actuate — web steering — law — lens - 222, Tilt control Sellto end application Application?
IN: Long positioning — how do you synchronise? + continuous speed up drum or mini accumulator companies (machines) Multiple printed and aligned
. Experimental test + modelling Need print drum set-off METROLOGY \ayers o4 OLED 22/ightin
STEP 1: Need for control algosote yers e gning
5 Material properties Sellto machine builders PV
Scope and Future Stretch, tension, thermal expansion, shrinkage (IP) E‘:’m:f; Cc;r;ml’b;'u:gmmable
Vision Specific procates except where they materially affect integrate d\ss\a " pred
What's Replace Flexible circuit boards
ouT: Specific activities Better than currefit systems (now
CPI (Peter) accuracy
Large non electronics CIM (Cambridge) DefectSdetect and repair From spin-out “‘”‘“9"7
H:Flexible m
N Need short Is there a supply
STEP 2: fst:;‘:i"“xfrﬁzs' [“::“'ﬁ‘l’e’:;‘::s toms(2?) and long L Renishaw ‘RKC ‘;M'k"’:Agz Dupont,  chain for EXIT?
. i erk,
Link to Key Industry F: R2R manufacturing D: Integrated products el Timson REtly
i speed K: Large area/low cost
Drivers / Needs GiNeedforfledble A M-Solv (foreign)
process integration 30 L: Some, large area eg i i
packaging, wallpaper, 22 Shortterm Medium-term Long-term 2 What is the first
1-2.(2015) 2-3(2018) >5 (2020) Demonstrator?
Re-registering and p—— Actions?
) ) 2?2 At 30-50 Make passive film + rocessofins) continuous 2 target passue??
a. Demonstrators chain / stepping stones / " grating (sunched 72 Enelicla A erekis processes with Films for
Steps towards opportunity Surface) + measure L) ¢+ L= sy realignment companies (PV)
2
1side then other (how?) 2015
Make large oven side
Passue film (on pads) + +2 processes on Light emitting film,
on thin glass same side for eg lighted
wallpaper
Friction free Demonstrator
spindles. Registered Stop for re- Q42015
STEP3: Sub micron erar lamination alignment
3 motion
Roadmap for the Gratings and Laser atlation 3. Key Technologies
icati Heidenhen or Inkjet printing Required
Application b. Required Renishaw Grawure printing Ny i
. Insty it
Technical UV cast 722 Ability to measure Dstument i » sensors
Capabi”ties Slot die coat stretch and Slot die
compensate Low friction + high
Force + position accuracy rotary motions
Master drums
Choice of aligned
Understanding and Substrate variability processes
modellingis a Process effects Film motion control @
¢. Success Factors / Knowledge Gaps (A Specifications submicron level
STEP4: sondes S
Key R&D priorities Control system
Sensors and
measurements
Substrates
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Opportunity: Active film business + R&D
Opportunities

« Customer Need
« Market Need

Team:

There is an opportunity for:

+active films Packaging
Product/ service offering Passive film — active film — products Displays
— Adv. — [large scale mould fab] Branding
Machine building caj . .
gcap + M/C builders —supply chain
[TSB]
Competitors TNO — VDL flow +CPI — partners
Fraunhofers busi
Samsung +new businesses
3M
Current technology and LAE — contacts — new device ideas This will be delivered by:
capability readiness MET — EU projects — contacts -
. . EPSRC Funding Metrology
———> Measuring solutions .
UP — build positioningof-stallle (rattstix awareness Large area electronic
Specify required outcomes | By 2016 — passive film — income Ultra precision
and timing Cred

justification of renewal

Key Actions

*Establish passive film fab capability

CPI/Catapult/New businesses

Market / Technology intelligence gaps

Key enablers

As per registration summary

« Key barriers and risks
« Upside and downside
+ Critical Gaps

International comp + speed of their development funding ‘stops’

Up positioning of films.
Films Awareness
Data

Application: | Participants:
What's
IN:
STEP 1:
Scopeand Future ‘Small sheetwidth rollin a flow
Vision process ~ 150mm
What's Lab — Proto/pre-prod — volume
. Sheet — to — roll
OouT: Batch — to — flow
STEP 2:
Link to Key Industry
Drivers / Needs
2. What is the first
Demonstrator?
Actions?
a. Demonstrators chain / stepping stones /
Steps towards opportunity
Casio,
Citizen, s
Swatch, 3M, aunc!
Varta,
Duracell
STEP 3: -
Drives .
Roadmap for the Spools 3. Key Technologies
Application ; conrol | Metrology Required
Technical
Capabilities
Vacuum
processing
Edward:
c. Success Factors / Knowledge Gaps p—— Good OK ] RK print Mn‘:ve:re ;
H2020 SME base label R2R Oxford
Project in plastic business solutions
electronics || looking to Timsons
STEP 4: Gasly M:Solo 4. Key R&D priorities
Key R&D priorities
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Opportunity: Small format R2R

Team: Neil Davies Cliff Joliffe

Martin O’Hara

« Customer Need
+ Market Need

Small scale flexible tool to facilitate development of R2R processes and
products

Mid step from lab scale to volume (ie prototype/pre production)

Prove of sheet-to-roll and batch-to-flow

There is an opportunity for:

Product / service offering

Modular roll processing machine
Low consumable cost (low volume processes)

Competitors

Sheet based lab & custom built roll processing (all ‘one-off’)

Current technology and
capability readiness

Use current state-of-art roll-to-roll machine capabilities
Process modules can be adapted from existing 3" parties

Instrumentation, plastic electronics +
machine builders

Small volume applications to realise cost
benefits

New business creation without high
production costs

This will be delivered by:

Specify required outcomes
and timing

Identify potential customer + market size within 12 months
Have operating spool-to-spool within 12 months

Identify demonstrator + fabricate by 24 months

Determine vacuum feasibility by 24 months

SME launch 36 months

Key Actions

Build business case
Identify funding source

New UK SME
CIM in UP — technology

Existing paper/label equipment
manufacturers

Key enablers

TSB or Horizon 2020 funding
Industrial sponsor

Market / Technology intelligence gaps

« Key barriers and risks
* Upside and downside
« Critical Gaps

Wider industry not interested (lab — vol)
Could lessen move to large scale volume
Lowers barrier of entry for other companies
Vacuum processes + feasibility in-line?
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Market size + understanding (is UK big
enough?)

Suitability of vacuum processes

Has it already been done overseas?
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