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The fi eld of printed intelligence continues 
to arouse great interest. Annual confer-
ences on the topic show 20%+ increases 
in attendance and numbers of exhibi-
tors. A number of the major consumer 
brands now have teams working on the 
application of printed intelligence – most 
operating well below the radar.

Yet the whole fi eld still consists of technol-
ogy in search of markets rather than markets 
pulling technology into play. Why should this 
be? Disinterested observers feel that the sup-
ply chain is offering components rather than 
integrated solutions that consumer-goods 
companies can readily apply to products. 
There is too little creation of demonstrators 
to excite the imagination of product mar-
keters. The good news is that the potential 
customers are excited about the possibili-
ties in the technologies, but one can feel the 
frustration of everyone that the ‘lift-off’ of 
printed intelligence is not more rapid. In turn, 
this is placing fi nancial stress on the small 
one-product or one-technology component 
companies who make up the great major-
ity of those participating in the ‘technology 
ecosystem’ that I described in Oulu earlier 
this year when the VTT participants met to 
discuss the prospects and strategy for com-
mercialisation of VTT’s expertise in printed 
intelligence. We may see some companies 
fail for lack of funding as the venture capital 
community is in a very conservative frame of 
mind when looking at potential investments, 
seeking companies with sound evidence 

Foreword

David Fyfe

of having identifi ed and engaged with their 
chosen market – in the form of revenues! 
However, companies with good technol-
ogy and ideas for its exploitation as well as 
sound business plans focused on identifying 
the required technology ecosystem for prod-
ucts incorporating the technology are getting 
funded.

From my previous two years of engagement 
with VTT, I see VTT spin-offs as having a 
number of distinct advantages over the tech-
nology start-ups that are so prevalent in this 
stage of the development of a new industry. 
Firstly, through its consulting and joint project 
activities with major companies and brand 
owners, VTT can identify more readily those 
potential ‘printed intelligence’-based prod-
ucts that are likely to catch the attention of 
marketers and product managers at these 
companies. Secondly, VTT has more of the 
essential elements of the technology ecosys-
tem available than do many companies, who 
have limited funds to invest in them. In partic-
ular, the printing capabilities of VTT constitute 
a large competitive advantage. Thirdly, VTT 
has a deep reservoir of scientists and engi-
neers to ‘fuel’ the technology-intensive early 
years of technology-based ventures. Finally, 
VTT Ventures provides a mechanism allow-
ing embryo companies to spend time in the 
‘nursery’ before seeking funding from tough 
minded outside investors.

VTT has some great ideas for commercialisa-
tion of printed intelligence technology. What 
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we may lack, and need to address, is the 
means of providing the human and monetary 
resources more swiftly than we do now, so 
that we can quickly take good ideas to the 
point where outside investors would be will-
ing to invest their money. Our business plans 
need to be well thought through, and those 
elements of the technology ecosystem that 
others are better positioned to supply should 
be identifi ed and the appropriate relationships 
quickly developed. We also need commer-
cially experienced leaders for our ventures. 
Technology alone is not a recipe for success. 
Commercial exploitation of that technology is 
the key!
 

David Fyfe believes that technology alone 
is not a recipe for success but needs 
commercial exploitation to succeed.

About Dr. David Fyfe:
Following a long international career in the chemical industry which included negotiating a 
number of joint ventures and acquisitions, David Fyfe was, from 2000 to 2010, chairman and 
CEO of Cambridge Display Technology, the leading developer and IP holder of polymer-based 
OLED materials and devices. He is a member of the OE-A Board of Directors and consults to a 
number of companies in the organic and printed electronics and materials fi elds including being 
Executive Vice-President of Liquid X Printed Metals, a start-up based in Pittsburgh. He is also 
a Director of IDTechEx and of Acal Energy, a UK-based developer of novel fuel cell technology.
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In last year’s publication, we talked exten-
sively about our goal of taking printed 
intelligence technologies ‘from roll-to-
roll to roll-to-product’. This captures 
the essence of our efforts to advance 
lab-based developments successfully 
pioneered in our pilot factory environment 
and introduce them in real production-line 
situations wherein actual products are 
made. While the industry still has much 
unfulfi lled promise and many opportu-
nities for real growth, we are pleased to 
be able to report signifi cant progress 
toward this goal. In fact, 2011 has been 
an active year in which our partnerships 
have strengthened and our contract activ-
ities have grown, and we are successfully 
nurturing new spin-off companies with 
products and services based on tech-
nologies developed within the VTT printed 
intelligence programme.

A different approach
When we speak of ‘printed intelligence’, we 
have very specifi c goals in mind. There are 
many organisations whose focus is purely 
on printed electronics applications; our 
work, however, focuses on bringing wider 
functionality to printed substrates, whether 
electronic, chemical, or biological in nature. 
While the range of technologies and applica-
tions is potentially broad, our ultimate focus 
is precise – namely, on products that can be 
created through high-speed roll-to-roll manu-
facturing processes. This understanding of 
how to design and optimise for roll-to-roll 

‘Roll-to-Product’ continues
Printed intelligence developments fi nd applications in new products and 
companies

Howard Rupprecht
Harri Kopola

printing techniques is one of our core com-
petencies. In addition, VTT’s multidisciplinary 
approach to applied scientifi c research allows 
us to access and combine diverse technolo-
gies. This leads to new innovations at the 
intersections of these disciplines, triggering 
the creation of novel application solutions 
that can utilise technology from sectors as 
seemingly unconnected as biotechnology, 
ICT, and electronics. These are key differen-
tiating factors for customers who choose to 
work with VTT.

Investment in infrastructure
One of the challenges within printed intelli-
gence is that the manufacturing techniques 
and subsequent products have the potential 
to disrupt existing value chains and markets. 
In many cases, the equipment required to 
implement the technologies simply does not 
exist within the current supplier base. This 
is certainly true of recently developed pro-
cesses such as hot embossing or electrical 
sintering. Commercial adoption depends on 
ability to prove and refi ne a technology and 
then have equipment or services readily avail-
able that potential users can adapt and install 
for their own use.

Recognising this need, VTT has been a 
pioneer in investment in manufacturing infra-
structure to support the adoption of printed 
intelligence as a whole. Previous years have 
seen us invest in equipment such as the 
ROKO pilot printing line, and this year we are 
proud to announce the installation of a new 
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R2R pilot printing line, representing a hall-
sized pilot infrastructure environment. This 
unique facility provides critical infrastructure 
for VTT’s partners’ use to develop manu-
facturing technologies and implement pilot 
production in a professional controlled envi-
ronment. This allows companies to reduce 
their technical and commercial risk before 
investing in commercial-scale production.

Product realisation – beyond 
components
Earlier research into printed intelligence 
focused on creating individual components 
that form the building blocks of new prod-
ucts. One of the key advantages of roll-to-roll 
work is the ability to develop a multi-stage 
process to create all product functionality by 
means of a single production line. For this 
reason, recent work has been directed more 
toward full-product realisation. An example of 

this approach is the successful production of 
a printed memory card demonstrator utilising 
VTT’s write-once, read many (WORM) mem-
ory, designed to record market feedback at a 
trade show. 

Collaboration
In an era of open innovation, meaningful tech-
nological development is not possible without 
collaboration. Although we have extensive 
research resources, we rely on strong part-
nerships to provide additional expertise in 
materials, equipment, applications, and mar-
ket needs. VTT continues to be a key player 
in the PrintoCent consortium, established in 
2009 with Oulu-based universities and other 
industrial partners. In addition to the private 
funding, these efforts are strongly backed by 
regional and national public funding sources, 
including the EU.

Products

Integration

Processes

Materials
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Proof of cash fl ow
The ultimate goal of VTT is to create ‘business 
from technology’. In an emerging industry 
such as printed intelligence, it has been a 
long road to create real cash fl ow from prod-
uct adoption within the marketplace. Despite 
this, we are now seeing tangible progress 
with many of our research partners who are 
using technologies pioneered at VTT, in the 
materials, products, and services that they 
provide. In addition, you will see from this 
publication that we have been successful in 
nurturing new spin-off companies such as 
Iscent, KeepLoop, FocalSpec, and TactoTek. 
With their roots in core technologies from 
within the programme, and partially funded 
by VTT Ventures, these companies continue 
to gain traction and fi nd new customers for 
their products.

We would like to offer sincere thanks to all 
of our industrial, research, and PrintoCent 
consortium partners for their continued sup-
port and collaboration in our activities. We 
hope that this report adequately captures the 
scope of the innovative achievement from the 
various teams. As we plan exciting new activ-
ities for the next two years, we recognise that 
none of this would be possible without the 
enthusiastic commitment and entrepreneurial 
spirit of our colleagues within the programme 
and at VTT as a whole.

March 2012

HOWARD RUPPRECHT
Vice President, New Business 
Development
+358 40 7360685
howard.rupprecht@vtt.fi 

HARRI KOPOLA
Vice President, Microtech-
nologies and Electronics
+358 40 557 4867 
harri.kopola@vtt.fi 



11

Introduction

The new member of the VTT Scientifi c 
Advisory Board, Doctor of Chemistry 
Andreas Hafner, Senior R&D Manager for 
Science and Innovation for BASF Switzer-
land, has been working closely with VTT 
for eight years. ‘We began co-operation 
in 2003 in the fi eld of printed electron-
ics. At that time, we focused on inks and 
processes. VTT is a globally well-known 
competence centre in roll-to-roll printing. 
In addition to pure, organic electronics, 
hybrid technologies are important to us. 
That is why we also collaborate with part-
ners excelling in silicon-based production 
techniques,’ says Hafner.

The Finnish innovation system has many 
similarities to the Swiss system, with which 
Hafner is highly familiar. According to him, 
this has made co-operation with VTT easier. 
‘Personal collaboration between research 
scientists can counterbalance the inertia 
of, for example, major EU projects and add 
momentum, and this has enabled us to oper-
ate effectively in small teams. It has also given 
us a good feel for what’s worth pressing for-
ward with in terms of research,’ he says.

Hafner has worked with industrial innovations 
for a quarter of a century, and he now serves as 
a scientifi c expert on VTT’s Scientifi c Advisory 
Board. Among other things, the board looks at 
the megatrends existing around the world and 
how VTT’s technology and innovations could 
help to solve problems arising from them. For 
instance, the ever-growing world population, 

BASF – New direction for the chemical 
industry

Antti J. Lagus

climate problems, and developing markets all 
have a certain impact on the requirements for 
technological tools. Hafner reminds us that 
without modern fertilisers, modern agriculture 
and feeding the world would not be possible.

The growing role of energy 
technology
Only a decade ago, public opinion consid-
ered the chemical industry to be a source of 
problems rather than a provider of solutions. 
Now, opinions have changed. Hafner takes 
his own company, BASF, as an example. The 
company’s production facilities are near cen-
tral Basel, where environmentally friendly and 
sustainable operations are the only choice. 
According to Hafner, this is evident in the 
case of the Rhine, which originates in Swit-
zerland, becoming cleaner.
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‘The chemical industry has put a lot of effort 
into cleaning its waste water, refi ning its pro-
cesses, and saving energy. This has been 
good not only for the environment but for 
business as well,’ Hafner says. According to 
him, energy technology will become increas-
ingly important for the chemical industry too. 
For example, for the environmentally friendly 
electric car to become commonplace, new 
ways of storing energy are needed. OLED 
displays and self-illuminating screens and 
lightboards are examples of the chemical 
industry’s contribution to the development of 
energy-saving OLED systems.

Focus on sustainability
BASF dedicates more than a third of its entire 
research budget to energy effi ciency, climate 
protection, conservation of resources, and 
renewable raw materials. In 2009, BASF 
acquired Ciba Specialty Chemicals, where 
Hafner was the research director at a strate-
gic research unit in charge of keeping track 
of emerging innovations. Great emphasis 
was laid on printed organic electronics, which 
Hafner considers a technology with consid-
erable impact potential. At BASF, Hafner 
is responsible for assessing the potential 
of emerging technologies for the chemical 
industry. When he began working with VTT, 
getting organic electronics on the market 
seemed to many to be a distant dream. Now, 
OLED displays have found their way into 
mobile devices and the fi rst organic solar cells 
are poised for their market launch. Special-
ity electronics solutions are familiar to BASF 
from many products. Hafner believes that the 
future will see these have a large impact – for 
example, in lighting development. His view is 
that in organic electronics it is important to 
be able to offer solutions instead of individual 
components. Mere components do not nec-
essarily work for the intended application, 
and investments made in them are diffi cult 
to recoup. Effective co-operation is required, 
which, for Hafner, means the entire value 
chain from research to end use.

 
Andreas Hafner says that today chemical 
companies have a growing role in energy 
effi cient technologies.

About Dr. Andreas Hafner:
• Doctor of Philosophy, University of Zurich, 

1986
• Winner of the Werner Prize of the Swiss 

Chemical Society, 1994
• ‘Technology Entrepreneur Diploma’, 

Executive School of Management, Uni-
versity of St Gallen, 2010

• Ciba Specialty Chemicals, Research 
Director, 2002–2008

• BASF Schweiz AG, Senior R&D Manager, 
Science and Innovation, Switzerland, 
2009–present
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VTT is a world-leading R&D centre in the 
fi eld of printed intelligence. Technical 
services include material formulation, roll-
to-roll processing of components, and pilot 
production. In addition, VTT can also offer 
expertise in product concept realisation 
and new business model development.

R&D services for industry
Customers of VTT Printed Intelligence ben-
efi t from our unique offering, which combines 
pilot-scale R&D services and supporting intel-
lectual property rights (IPR) to help exploit 
the exciting new business opportunities that 
our technologies help to create. Our offering 
makes use of VTT’s multi-technological know-
how and unique roll-to-roll (R2R) pilot-scale 
manufacturing capabilities. Our expertise 
covers a wide range of printed intelligence 
technologies, from material formulation and 
process development to pilot-scale roll-to-
roll production of individual components and 
integrated systems. Commercialisation of 
our technologies is supported by a patent 
portfolio and extensive know-how tailored 
for particular aspects of printed intelligence 
products.

Our R&D services offering:
• Contract research, development and lab-

oratory services 
• Pilot production trials
• IPR licensing and sales
• Foresight and roadmaps on printed intel-

ligence applications
• New concept development

VTT — The leading R&D centre in printed 
intelligence

• Access to a wide network of industry 
partners through joint research projects, 
joint development projects and applica-
tion-driven affi liate programmes.

Enabling technologies and 
capabilities
Our vision is to enable the creation of value-
adding, easy-to-use and cost-effective 
products based on sensing, light-emitting sur-
faces, energy producing foils, optical fi lms and 
electrical circuits, by using printing methods.

Printed OLED & Photovoltaics: Printed 
polymer-based light-emitting diodes and solar 
cells offer a high potential for creating new 
applications and expanding existing markets. 
VTT’s printed OLED technology enables the 
fabrication of custom-shaped and sized sig-
nage, display and illumination elements using 
roll-to-roll printing processes, whereas printed 
solar cells can be mass-produced to serve a 
wide range of end markets from small-scale 
indoor energy harvesting to large-scale energy 
production outdoors.

Roll-to-roll processing: VTT has unique 
roll-to-roll pilot processing facilities for printed 
intelligence applications. In addition to ver-
satile printing facilities, several supporting 
processes, such as roll-to-roll evaporation, 
laser, etching and integration, can be used 
and scaled up from sheet-level processing in 
the laboratory to roll-to-roll processing at pilot 
scale.

Antti Kemppainen
Riku Rikkola
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Diagnostics, indicators and active paper: 
The combination of printed colour-changing 
inks and fl uid control systems can be used to 
develop consumer products such as interac-
tive packaging, low-cost indicators and rapid 
diagnostic tests. All these applications can 
be fabricated using existing and high-volume 
manufacturing technologies such as roll-to-roll 
hot-embossing, as well as the printing of fl uid 
control structures and functional inks on paper 
and plastic substrates.

Printed electronic components: Printed 
electronic components such as thin fi lm tran-
sistors, memories, power sources and sensors 
are key building blocks for system integration. 
Our R&D focuses not only on components, 
but also on systems integration and produc-
tion scale-up for a wide range of products.

Foil integration for 3D devices: Multidis-
ciplinary experience in printing, packaging, 
plastic moulding, materials and electronics 
enables the creation of new three-dimensional 
products. These are based on low-cost fl ex-
ible substrates and components that are 
integrated into injection-moulded parts, cre-
ating new categories of intelligent 3D plastic 
products.

Potential application markets
Our generic platform of technologies can be 
used to create completely new products, or 
to enable disruptive improvement to existing 
products and processes. The applications of 
our technologies are wide, and the current 
market focus includes (but is not limited to) the 
following areas:
• Consumer packaged goods
• Consumer electronics
• Rapid diagnostics
• Autonomous energy systems
• Environmental sensing
• Materials and processes

Win with VTT
We offer our customers our unique experi-
ence, facilities, application know-how and 
partner networks in order to accelerate their 
product development and reduce the time to 
market. Backed by more than 100 experts in 
printed intelligence and unique roll-to-roll pro-
cessing facilities, VTT offers a fast track for 
companies looking to develop new products 
from printed intelligence technologies – ‘from 
roll to product’.

ANTTI KEMPPAINEN
Key Account Manager
+358 40 820 5076
antti.kemppainen@vtt.fi 

RIKU RIKKOLA
Business Development
+358 40 725 9091 
riku.rikkola@vtt.fi 
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Making volume production a reality
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Bio-based, biodegradable, and recyclable 
solutions are seeing increasing demand 
for packaging applications, because of 
concern about environmental issues.

VTT possesses world-class experience and 
facilities for development of paper and board 
all the way from the fi bre composition to the 
fi nal printed product, for multiple applications. 
This, together with excellent biomaterial modi-
fi cation know-how, provides an outstanding 
foundation for development of new sustaina-
ble substrates for novel applications (Figure 1).

Cost and environmental 
advantages
Synthetic plastics of various kinds have been 
the substrate of choice for printed electron-
ics development. Because of increasing 
concern about environmental issues, cou-
pled with uncertainty about the cost of oil, 
consumer-packaged-goods companies and 
the packaging industry are looking for new 
bio-based, biodegradable, or recyclable solu-
tions. Paper wrapping and packaging board 
are self-evident examples of such solutions.

Short-term application opportunities for VTT’s 
sustainable substrates developments may be 
found in the fi elds of interactive packaging, 
smart cards, and smart labels.

In the longer term, bio-based substrates 
could be developed to yield the same per-
formance with potentially higher barrier 
properties than offered by today’s synthetic 

Sustainable substrates
Bio-based materials for printed functional and electronics applications

Tomi Erho
Pia Qvintus

polymer substrates in any fi eld of application 
of printed intelligence.

Excellence in R&D for bio-based 
materials
VTT has extensive development experience 
as well as on-going activities in development 
of bio-based materials to replace synthetic 
materials or minerals in, for example, paper 
and packaging solutions. These activities 

 
Figure 1. Cardboard is an excellent base 
material for printed fuel cells.
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include development of surface treatment 
methods and materials such as thin-fi lm 
coatings and development of novel combina-
tions of materials.

Examples of VTT’s successful developments 
include:
• Development of starch-based coating 

pigments
• Development of a smooth and stable 

nanocellulose–clay substrate
• Development of roll-to-roll production of 

extremely smooth transparent nanocel-
lulose fi lm

VTT has the capacity to perform all steps in 
piloting roll-to-roll trials of printed intelligence 
on a fi bre base, from pulping through web 
forming and to coating and printing of paper 
or board rolls. Also, actual packages can be 
formed, with VTT’s die-cutting and creasing 
equipment.

Acknowledgements
• The Finnish Funding Agency for 

Technology and Innovation (Tekes)
• Forestcluster Ltd
• The co-operating companies

TOMI ERHO
Principal Scientist
+358 50 563 4126
tomi.erho@vtt.fi 
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VTT is developing an aluminium-based 
low work function metal ink as a substi-
tute for printable silver inks and pastes in 
a wide range of printed electronics appli-
cations.

Substitute for silver
Silver is today the dominant material in the 
marketplace for printable metal conductor inks 
and pastes. Although silver and other metals 
have good conductivity, their work function is 
high, reducing overall effi ciency. In addition, 
high price and environmental concerns may 
also encourage the substitution of silver.

Novel conductor ink
Low work function aluminium-based ink for various printed electronics 
applications

Jukka Hast

The unique feature of VTT’s aluminium-based 
microparticle ink (Figure 1) is that the work 
function of this material can be tuned. The low 
work function of VTT’s novel conductor ink is 
formulated by adding powders consisting of 
aluminium and some low work function met-
als such as magnesium or calcium to a mixture 
that includes a binder and solvent. The recipe 
for the low work function ink is patented by VTT.
 
Lowering work function, cost and 
environmental footprint
The work function is usually defi ned as ‘the 
energy that is needed to free an electron from 

Figure 1. Roll-to-roll rotary screen printed aluminium-based ink on a PET foil.
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a solid material’. The high work function, which 
is in practice constant among commonly-used 
conductor metals such as silver, results in a 
low performance and effi ciency. This mani-
fests itself as high operational voltages and 
energy consumption in the electronic devices 
that have their operational voltage fed through 
conductors made of these materials [1].

When using VTT’s novel low work function ink, 
the electron transfer of the printable metal con-
ductor can be improved, and the operational 
voltage and high energy consumption can be 
reduced. The key competitive advantages 
of VTT’s low work function ink technology in 
comparison to conventional silver inks are:
• Tuneability of work function
• Reduced cost due to use of aluminium
• Reduced environmental footprint due to 

use of aluminium

High potential application markets
The low work function ink fi nds end uses in a 
wide range of applications. For example, in the 
case of printed optoelectronic components 
such as organic light-emitting diodes (OLED) 
and organic photovoltaics (OPV), the low work 

function is extremely important in order to 
obtain effi cient charge transfer between the 
metal electrode and light-emitting polymer or 
photoactive material layer of the component. 
In fact VTT has already proven that use of the 
low work function ink signifi cantly reduces the 
turn-on voltage of fully printed OLED devices 
in comparison to other available printed cath-
ode solutions.

In addition to OLED and OPV components, 
other potential areas of application for the ink 
comprise:
• Current collector grids for inorganic thin-

fi lm photovoltaics
• Organic fi eld-effect transistors (OFET)
• Radio frequency identifi cation (RFID) 

antennas
• Electromagnetic interference and radio 

frequency (RF) shielding applications
• Wide-area sensor applications

Research, development and 
commercialisation activities
VTT developed the low work function ink and 
used it for printed OLED applications in the EU-
funded FP7-ROLLED project. In the ROLLED 

Figure 2. Inert-atmosphere roll-to-roll line for printing of low work function ink.
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project, a roll-to-roll processed OLED fi lm 
including a cathode electrode, printed using 
the low work function ink was demonstrated. 
Currently, VTT focuses on optimising the low 
work function ink for other printed electronics 
applications such as OPV. This work is now 
being done in EU funded FP7-ROTROT pro-
ject together with major European players in 
OPV technology fi eld.

In addition research and development activi-
ties, VTT is also active in commercialisation 
of the technology. This means identifying 
and collaborating with manufacturers of oxy-
gen-sensitive metal powders and inks and 
up-scaling the production to an industrial 
scale.

VTT is also interested in co-operation with man-
ufacturers of different electronics components 
that are interested in testing the performance 
of the ink with their devices. During this pro-
cess VTT can provide material formulation 
and testing, roll-to-roll manufacturing process 
development and device characterisation ser-
vices. VTT has unique world-class research 
and development facilities to introduce labo-
ratory scale developments to pilot scale 
production trials utilising both inert (Figure 2) 
and in-air roll-to-roll printing processes.
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As part of the materials and process 
research performed in 2010, VTT devel-
oped novel processes for electrical 
sintering of conductor grids on a range 
of optoelectronic devices such as photo-
voltaic (PV) cells, solid-state lighting, and 
displays.

Non-contact electrical sintering offers 
much potential as a compact and effi -
cient process; the continuation of the 
project in 2011 focused on integration 
of the conceptually proven apparatus 
into a real roll-to-roll production line. 
In these efforts, VTT collaborated with 
Coatema GmbH to demonstrate practical 
application of the process. The goal is to 
develop, in the end, a commercially ben-
efi cial alternative to traditional thermal 
sintering techniques.

Introduction
Metallic nanoparticle inks and pastes are rec-
ognised as an enabling technology for printing 
high-quality conductors on low-cost, fl exible 
substrates. Conductor grids in optoelectronic 
devices are example applications in which a 
low metal fi ll factor and high conductivity are 
desired.

With traditional processing technology, high 
conductivity is obtained through thermal sin-
tering of the nanoparticles, which is typically 
accomplished through heating of the whole 
printed structure in an oven. Sintering by 
oven-curing is often rendered problematic by 

Enabling printed high-quality conductors

shrinking of the printed substrate and damage 
to previously deposited layers.

It is generally considered to be an inconven-
ient process stage, especially in the roll-to-roll 
(R2R) printing environment, in which the oven 
lengths required may exceed tens of metres 
and the equipment costs are high. Rising 
energy costs too are of increasing concern for 
manufacturers, and electrical sintering offers 
a signifi cantly more energy-effi cient alterna-
tive to heating the large mass of a traditional 
sintering oven.

Experimental work on photovoltaic 
cells
The present process development activities 
focus on production of conductor gridlines 
or ‘fi ngers’ on thin-fi lm PV cells. This technol-
ogy was chosen because some PV cells are 
typically produced in a roll-to-roll production 
environment and the previously deposited 
active layers are sensitive to high-tempera-
ture processing after deposition. In addition 
to the obvious cost savings from elimination 
of thermal sintering ovens, there is scope for 
improving the electrical properties of the fi n-
gers; this has the potential to drive overall 
effi ciency improvements in the cell by facili-
tating the production of narrower conductor 
gridlines, reducing shadowing.

Approach
With the electrical sintering approach, the sin-
tering oven is replaced with a highly compact 
non-contact electrical sintering head. Figure 1 

Integration of non-contact electrical sintering into roll-to-roll production

Howard Rupprecht
Mark Allen
Ari Alastalo
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illustrates the basic principle whereby the 
head can be easily integrated into a roll-to-roll 
production line in which the previously printed 
electrical structures are then sintered in-line.

Live demonstration with a roll-to-
roll production line
In earlier proof-of-concept trials, the process 
was simulated by means of an XY table. 
Although these trials were successful, there 
was limited opportunity to refi ne the process 
in a fully representative environment. A core 
goal of the project has been to demonstrate 
the process in the roll-to-roll context. In this, 
Coatema GmbH provided signifi cant support 
and the opportunity for us to integrate the sin-
tering process into one of their systems.

The set-up comprised an inkjet printing sta-
tion, a dryer, and a single electrical sintering 
head (Figure 2). Lines of ‘Bayink TPS LT’ sil-
ver nanoparticle ink were printed onto both 
PET and photo-paper substrates. On PET, the 

Figure 1. Conceptual drawing of roll-to-roll integration of the sintering process.

Figure 2. Sintering head integrated into 
Coatema roll-to-roll production equip-
ment.
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Figure 3. Infrared camera footage show-
ing the thermal signature of tracks being 
sintered.

Figure 4. Sintered conductor line on PET 
substrate.

ink was initially dried via convection heating 
and was then sintered, making it electrically 
conductive; in contrast, no pre-drying was 
required before electrical sintering on photo 
paper. The sintering process is very selective, 
heating only the area where the ink has been 
printed. This effect was visible from process 
footage shot with an infrared camera that 
clearly shows the overall thermal impact as 
the track is sintered (Figure 3).

Initial results 
Figure 4 shows a successfully sintered gridline 
on a PET substrate. The optimal parameters 
for the sintering head and the closed-loop 
control mechanism were greatly enhanced 
through the various trials. Production speeds 
of approximately 1–3 m/min were routinely 
achieved, which approaches the desired pro-
duction throughput rate for PV cells.

Our calculations estimate, for example, that 
the electrical sintering process uses only 15% 
of the power of a traditional sintering oven for 
sintering a honeycomb grid structure with a 
fi ll factor of 5%, providing a compelling eco-
nomic reason to adopt the process.

Analysis of the sintered tracks indicates that 
well-formed gridlines were produced with an 

electrical conductivity that was approximately 
20% of the bulk conductivity of silver. The 
resulting gridline resistance is comparable 
to that achieved with other methods of cre-
ating gridlines but was reached with a very 
low layer thickness. This offers a signifi cant 
benefi t where gridlines are required between 
active layers – the inkjet process also facili-
tates the printing of narrower tracks, which 
would reduce shadowing in a solar cell. 

Stress tests were performed also for glass-
based PV cells, and the results showed no 
damage to the active layers from the sintering 
process.

Further development and 
integration into production
Development is continuing for determination 
of the optimal process settings and the suita-
bility of the process as a replacement for oven 
sintering in PV and other manufacturing appli-
cations. Beyond the initial focus, the process 
has generated signifi cant customer interest in 
a diverse range of printed electronics applica-
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tions, from optoelectronic components such 
as OLEDs and organic PV cells to touchscreen 
displays and even medical applications. The 
encouraging results demonstrate that the pro-
cess has real potential as an integrated roll 
to roll production technique that could soon 
replace traditional oven-based sintering in 
some applications.
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Through VTT, industrial companies and 
our R&D partners can gain access to the 
world’s leading roll-to-roll pilot production 
facilities. The production infrastructure can 
be used to develop and produce a wide 
variety of printed components, integrated 
systems, and complete end products.

Enabling products and business 
from printed intelligence
The facilities consist of several unique produc-
tion lines that have been specifi ed and modifi ed 
by VTT’s R2R printing, monitoring, and pro-
duction automation specialists. The lines 
serve versatile customers’ needs in the fi eld of 
printed intelligence materials, processes, and 
products. The VTT research scientists and 
machine operators have extensive hands-on 
experience and a huge amount of production 
know-how in bringing developments in the 
laboratory to roll-to-roll pilot production scale. 
This unique capability enables VTT to serve its 
customers in experimenting with and refi ning 
a host of material and process combinations 
while working toward precise specifi cations 
for industrial-scale production lines suitable 
for the specifi c printed components and end 
products in question.
 
Our unique pilot production infrastructure 
offers our customers and R&D partners 
access to:
• Skilled and experienced personnel
• Possibilities and ability to modify lines on 

the basis of specifi c customer needs
• Availability of diverse printing techniques

• Versatile laboratory facilities
• In-air roll-to-roll printing lines (Figure 1)
• An inert-atmosphere roll-to-roll printing 

line (Figure 2)
• An roll-to-roll evaporator
• A production control system
• A testing environment for printed com-

ponents

Combining versatile laboratory and pilot pro-
duction facilities with skilled research and 
production personnel enables VTT to develop 
new material formulations, device structures, 
and integrated systems – from the fi rst proof-
of-concept demonstrator in the laboratory to a 
roll-to-roll-producible end product. Knowledge 
of printed intelligence technologies and good 
relations with industrial partners in the fi eld 
puts VTT in the unique position of being able 
to serve and consult its customers by means 
of the best materials, tools, and manufacturing 
equipment suppliers in the industry.

The pilot factory can manufacture a wide 
selection of solidly functional components and 
products on different substrates by any of the 
following production methods:
• Reverse and forward gravure printing
• Flexographic printing
• Rotary screen printing
• Slot die coating
• Rotary die cutting
• Lamination
• Hot embossing
• Evaporation
• Etching

Ramping up roll-to-roll production
State-of-the-art pilot factory for printed components and products

Mikko Paakkolanvaara
Antti Kemppainen
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Measurements and testing in roll-
to-roll environment
In high throughput roll-to-roll processing, 
web speeds can reach levels of tens of 
metres per minute. This leads to kilometres 
of production delivering tens of thousands 
of units per hour. This factor, combined with 
the valuable materials being used, creates a 
high demand for online measurement, test-
ing and quality control, even in research and 
pilot-phase manufacturing. This need further 
increases when moving to commercial pro-
duction.

Optical measurements
VTT has an impressive track record in 
the development of optical measurement 
technologies (Figure 3) for continuous man-
ufacturing processes. Previously, VTT has 
developed real-time quality monitoring and 
control systems for the pulp and paper, steel, 
and pharmaceutical industries. These online 
measurements were mainly based on spec-
troscopy and machine vision technologies. 
For printed intelligence, some of these tech-
nologies can be directly applied, but there 
are also some new requirements not needed 
in other industries. These new challenges 
include very high accuracy registration, 
sometimes with layers of very high transpar-
ency. Additionally, thin fi lm components like 
OLEDs and OPV require printed layers of very 
high homogeneity, without ‘pinholes’ that 

create short circuits. Layer thickness meas-
urements for these sub-100 nm layers push 
the boundaries of online optical measuring 
techniques. Furthermore, the printing quality 
demands exceed those of graphical printing, 
so micro-scale online inspection is typically 
required after each printing unit.

VTT has previously developed and applied 
various online measurement technologies for 
these mentioned challenges.  As a next step, 
during 2012, a signifi cant investment will be 
made to scale up these measurement systems 
for the new Pilot Factory line. This means the 
installation of equipment in all printing units, in 
total more than 10 instruments. This equips 
the pilot factory as a unique test platform for 
the online measurements required in printed 
electronics production.

Functional testing
Even on a short pilot run, thousands of func-
tional devices are typically produced. Manually 
testing all of these is extremely time-con-
suming, meaning that full batch testing is not 
possible. VTT has clarifi ed the testing needs 
from its wide-ranging layers and components 
produced within different application areas. 
According to this information, a new roll-to-roll 
testing device has been designed and will be 
installed during 2012. The testing equipment 
is capable of testing the electrical characteris-
tics of a printed roll, such as conductivity and 

Figure 1. In-air roll-to-roll printing line for 
R&D and pilot production.

Figure 2. Inert-atmosphere roll-to-roll 
printing line for R&D and pilot production.
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resistivity. It can accommodate and test a 300 
mm wide and 200 m long roll within two hours, 
generating a comprehensive logbook of test 
data and statistical analysis, such as average 
values and deviations. 

Further developments are also scheduled 
for upgrading the equipment with additional 
optical inspection and functional testing 
capabilities for testing OPVs, OLEDs and 
ECDs.
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printed intelligence applications.
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From roll-to-roll to roll-to-product
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VTT has outstanding expertise in the devel-
opment of low-cost indicators and sensors 
for consumer and environmental applica-
tions. These indicators and sensors are 
based on chemical and biochemical reac-
tions, which are expressed in functional 
inks. Depending on the application, dif-
ferent reactive chemistries are printed on 
paper- or plastic-based substrates via con-
ventional printing methods such as inkjet, 
fl exographic, and screen printing.

Low-cost platform for novel 
sensing and service concepts
The reaction between a target analyte and a 
reactive ink can be utilised in visual (colour-
forming) indicators and in sensors with a 
quantitative output. Lab-on-chip concepts 
including more complex features such as 
sample pre-treatment and concentration can 
be realised through utilisation of the same low-
cost technology platform. Moreover, indicators 
can be read with mobile phones. The coupling 
of mobile phones’ photography, messaging, 
and Internet capabilities with the printed indi-
cators and sensors brings new opportunities 
for mobile-software-based applications and 
service concepts.

Rapid detection and visual 
indication
VTT has especially strong experience in the 
development of visual indicators (Figure 1) 
sensitive to the presence of volatile sub-
stances and oxygen. Indicator concepts have 
been developed for non-volatile target ana-

lytes too. Also, various printed and embossed 
concepts for humidity indication have been 
proposed, and VTT has considerable experi-
ence with several concepts based on printed 
enzymes. Conductive polymers have also 
been harnessed for the detection of volatiles 
and particles.

The competitiveness of VTT in the develop-
ment of printed indicators and sensors is 
rooted in our multidisciplinary expertise and 
capability of handling several stages in the 
concept development process.
• Understanding of diagnostic needs in 

several application areas (food, environ-
ment, processes, indoor air, and health)

• Development of detection chemistry 
based on know-how in chemistry and 
biochemistry

• Formulation of the reaction chemistries 
in inks, and optimisation of ink composi-
tions

• Development and optimisation of printing 
methods on laboratory scale

• Understanding and characterisation of 
ink–substrate interactions

• Product concept development
• Pilot-scale trials and manufacturing

Vast market area for low-cost 
indicators and sensors
Several market sectors can be foreseen for 
low-cost indicators and sensors. Areas of 
application can be roughly divided between 
those related to everyday life of different 
consumer groups and those connected to 

Printed intelligence for everyday products
Printed low-cost indicators and sensors for consumer and 
environmental applications

Maria Smolander
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natural and built environment. Beyond these, 
a vast application area is naturally found in 
medical diagnostics.

Food quality indication – in particular, related 
to packaged foods – was the fi rst example of 
the application of low-cost printed indicators. 
However, in addition to quality indications 
for consumer-use packaged food, several 
other applications have been identifi ed. 
Among these are verifi cation of authenticity 
and success in sealing or a gas fl ushing pro-
cess. Consumer groups such as infants and 
elderly people require special attention. Indi-
cators could be used as, for example, part of 
a food home-delivery system for the elderly, 
to ensure an unbroken temperature chain in 
the meal transportation and proper disposal 
of meals that have been stored too long and 
therefore are not safe for consumption. In 
addition, indicators could offer an additional 
tool to verify water quality and food safety in 
developing countries.

In well-being, cosmetics, sports, and health-
related applications, the indicators could be 
used to facilitate correct timing and dosage of 
medicine or supplement uptake, help to verify 
the authenticity of a package and product, 
improve brand protection and indicate pos-
sible tampering/opening or deterioration of a 
product. Particularly in cosmetics, also tests 
for skin type and treatment effi ciency could 
be foreseen as potential applications. Indica-
tors could even be developed for disposable 
tests for urine and sweat, in monitoring of diet 
optimisation and suffi cient nutrient intake.

In the natural and built environment, several 
applications for disposable sensors can be 
identifi ed in water quality analysis, industrial 
monitoring, agriculture and farming, security 
applications, and indoor air monitoring. For 
instance, in indoor air applications, indica-
tion of residuals from building materials or 
cleaning substances could be carried out via 
indicators and sensors for volatiles. Printed 

 
Figure 1. Visual indicators reacting to the presence of aldehydes and ketones as volatiles 
or in solution.
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sensors based on conductive polymers could 
be used for the indication of particles and 
gases such as NH3. Indication of humidity 
and moisture as enabling factors for microbial 
growth are also of major importance in indoor 
applications.

For printed indicators, VTT’s offering cov-
ers all phases in product development from 
application needs through feasibility testing 
to roll-to-roll manufacturing process develop-
ment and concept characterisation services.
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Microfluidic lab-on-a-chip technolo-
gies represent a revolution in laboratory 
experimentation, bringing the benefi ts of 
miniaturisation, integration, and automa-
tion to many research-based industries.

Fast and effi cient solutions
Microfl uidics (Figure 1) has been clearly identi-
fi ed as an enabling technology to support the 
development of the point-of-care and molecu-
lar biology markets [1]. The attractiveness of 
microfluidic chips stems from several inherent 

Your lab on a chip
Roll-to-roll hot-embossed microfl uidics for life sciences applications

Leena Hakalahti
Ralph Liedert

advantages, among them minute sample con-
sumption, signifi cantly reduced analysis times, 
and the on chip integration of sample prepara-
tion and analysis steps.

Currently, the majority of microfl uidic lab-
on-a-chip devices are produced with glass/
silicon-based materials, elastomers, or micro-
machined polymer chips. The expensive and 
time-consuming fabrication of such devices 
limits the use of this technology to a small 
number of research laboratories and insti-

Figure 1. Roll-to-roll hot-embossed microfl uidics.
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tutes, mainly in the academic fi eld. With VTT’s 
pilot roll-to-roll printing facilities and proven 
technological competencies, the use of this 
technology is brought to an industrially appli-
cable level. As a practical example, VTT has 
demonstrated a clinical application for the 
detection of antibiotic-resistance in bacteria 
based on a roll-to-roll hot embossed, dispos-
able capillary electrophoresis chip [2].

The main benefi ts of roll-to-roll printed micro-
fl uidic platforms include:
• Foil-based, low-cost polymer materials
• Low tooling cost
• Disposability
• Rapid prototyping and a fi nal product with 

the same tools and materials
• High process repeatability
• Integrated functionality
• Multilayer and multiplexed assays
• Large printing area, enabling fabrication of 

multiple chips simultaneously

There are many ways of combining VTT’s 
technological competencies in the print-

ing and bioanalysis fi elds. Fully integrated 
chips can be produced with various types 
of functions (Figure 2). These include fl uidic 
structures for liquid handling, biomolecules for 
analyte capture on sensor surfaces, electron-
ics and optics for detection, communication, 
and power supply.

Potential areas of application for VTT’s printed 
microfl uidic platforms include:
• Point-of-care or point-of-use diagnostics/

analytics
• Personalised medicine
• Preventive medicine
• Environmental testing
• Food diagnostics
• Industrial process monitoring
• Bioterrorism detection
• Drug discovery

R&D and service offering in 
microfl uidics
VTT has developed a rapid prototyping pro-
cess for fabrication of microfl uidic structures 
on economical polymers and paper sub-

Figure 2. Printed functionalities on a foil-based microfl uidic chip.
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strates. VTT’s multidisciplinary teams have 
developed competencies in integration of 
functional elements and in the development of 
bioassays on microfl uidic chips. Other areas 
of focus in our research include integrated 
sample processing, optimised surface modi-
fi cations, and immobilisation of biologically 
active components.

VTT’s core offering for the printed microfl u-
idic polymer platforms includes research and 
development of functional fl uidic structures on 
foil and sheet materials from prototyping to 
mass manufacturing. One key asset of the VTT 
development chain is the prototyping capa-
bility: the same foil materials and embossing 
tools can be used both for prototyping of a 
device concept and for mass manufacturing 
of the desired end product. With VTT’s strong 
knowledge of antibody discovery and engi-
neering as well as assay development, we are 
able to provide solutions for novel diagnostic 
platforms. We also are able to assist custom-
ers in switching from their existing diagnostic 
platform to all-printed, low-cost devices. VTT’s 
additional offering includes reader device and 
readout software development.
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VTT has extensive experience in develop-
ing polymeric photonic devices to meet 
challenges in several fi elds of application, 
ranging from consumer products such as 
decorative coatings to high-performance 
systems such as sensors and optical inter-
connections.

An integrated opto-fl uidic platform
The development of photonics has been 
accompanied by extensive research into 
polymeric micro-fl uidics. Combining photon-
ics with fl uidics provides a unique approach 
to bringing about new technological solutions 
for mass-produced sensor platforms (Figure 
1). For example, usage of a low-cost inte-
grated opto-fl uidic platform at the same time 
allows for the detection of several analytes 
even in low concentrations, which is highly 
desirable in point-of-care diagnostic and 
environment monitoring.
 
Multi-technology approach
The competitiveness of VTT’s opto-fl uid-
ics technology relies strongly on bringing 
together different fi elds of science and tech-
nologies in-house, covering:
• Photonics
• Fluidics
• Electronics
• Antibody chemistry and engineering
• Low-cost polymer fabrication techniques

Sensor chips consist of photonics and fl uid-
ics layers coupled as a monolithic platform as 
illustrated in Figure 2. Their operation is based 

Combining optics and fl uidics
Imprint-fabricated opto-fl uidic platforms for sensor applications

Jussi Hiltunen

on the monitoring of an optical signal trans-
mitted through the sensor platform. The light 
is guided by the optical waveguides to spe-
cifi c spots, where the chemical interactions 
occur. The optical probing of these surface 
interactions allows for the detection of various 
analytes in very low concentrations, ultimately 
with portable reader devices. Also, a generic 
opto-fl uidic platform can be tailored case-
specifi cally to detect specifi c chemicals and 
molecules.

Monitoring tools for health and 
environment
The main short- and medium-term applica-
tion opportunities for VTT’s integrated sensor 
platforms are found in:
• Health and well-being
• Environmental monitoring 

Figure 1. Opto-fl uidic sensor with inte-
grated fl uorescent light source. VTT logo 
produces orange emission for sensing, 
when excited with green light.
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In the short term, these sensor platforms are 
expected to become a tool in professional-
level sensing solutions. The medium-term 
vision for application of VTT’s polymeric opto-
fl uidic technology involves enabling usage of 
the platforms in consumer applications. This 
entails requirements for high-performance, 
low-cost processing, including also portable 
reader equipment and its easy usage.

The photonics and fl uidics R&D 
service offering
A key factor in the development work has 
been the aim to produce high performance 
chips while keeping fabrication costs low. 
This has been enabled by recent advances 
in optical polymeric materials and develop-
ment of low-cost micro- and nano-fabrication 
technologies. Nanoimprint UV-moulding has 
shown particular potential to become such 
a method making possible large-scale, low-
cost, high-throughput, and simple patterning 
of micro- and nano-structures.

VTT’s fabrication and characterisation facili-
ties can all be found in-house, making VTT 
especially strong in the multidisciplinary sen-
sor fi eld. This expertise covers photonics, 
fl uidics, biochemistry, and fabrication technol-
ogies. Therefore, VTT can provide customers 

Figure 2. A fabricated polymeric opto-fl u-
idic chip consisting of fl uidic channel with 
a single-mode waveguide array probing 
chemical interactions.

with a good overview of the required tech-
nologies and the platform specifi cations can 
be tailored for each customer. Furthermore, 
production volumes can be matched to cus-
tomer needs. For example, sheet-level test 
production with a short turnaround time might 
be the optimal choice when small series of 
test samples are to enter the market-launch 
phase. When higher production volumes are 
required, a transfer to roll-to-roll production 
might be preferable, to achieve reduced unit 
production costs.
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Active paper can make graphics appear 
on a seemingly blank page. These printed 
hidden features can be used as interac-
tive elements in combination with printed 
graphics and/or as diagnostic sensors 
and indicators.

Active paper is a platform for a range of novel 
paper-based products, such as diagnostic 
or promotional devices. This enables brand-
owners to differentiate their offering from the 
competition and engage consumers with an 
affordable new kind of interactive product.

Active paper enables:
• Novel design possibilities and new func-

tionality in consumer packaging
• Changing graphics without electronics
• A new kind of interaction between con-

sumers and products
• Ecologically sustainable, biodegradable 

products
• Very low cost in cases of large produc-

tion volumes

The core technology is already available for 
adoption in promotional products. The tech-
nology has also been demonstrated with 
bioindicators, which offer sensing and moni-
toring capabilities that can be utilised in a 
variety of future applications.

Active paper products can include:
• Promotional products (Figure 1), such as 

hidden messages on beverage coasters

Active paper platform for novel interactive 
paper-based products
Inexpensive and biodegradable diagnostic tools for all

Tomi Erho

• Easy and fun monitoring of personal and 
environmental well-being

• Point-of-care diagnostic products

The promotional products also open an 
opportunity to introduce a diagnostic test as 
an integrated element in consumer packaged 
goods.

Several years of research into 
active paper at VTT
VTT has a long track record of research in the 
area of active paper. This work has included 
collaboration with universities and key cus-
tomers and has generated a strong IPR 
portfolio in this area.

In these projects, VTT has demonstrated the 
following applications, among others:
• Flexographic printing of fl uid-guiding 

structures on paper
• Printing of biomolecules with industrial-

scale equipment
• A printed lateral-fl ow immunoassay on 

paper
• Changing graphics and text in promo-

tional products and packaging, activated 
by liquid

Combining disciplines to bring 
active paper closer to end 
markets

VTT’s offering includes material and process 
development in paper manufacture, biotech-
nology, and process engineering. For bringing 
active paper products to market, all of these 
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disciplines are required. VTT’s unique mul-
tidisciplinary environment and world-class 
expertise can help companies to develop 
new products rapidly.

VTT’s additional offering in the fi eld of active 
paper technology includes product and busi-
ness innovation services to support customer 
companies in identifying new product ideas 
and novel business concepts for early market 
trials and commercial adoption.
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Printed electronics with an integrated 
power source have remarkable market 
potential in several mass-market consumer 
product areas. Enzyme-catalysed fuel cells 
are power sources capable of transforming 
the chemical energy of the fuel directly into 
electrical energy via electrochemical reac-
tions.

Fuelled by renewable chemicals
These reactions are catalysed by enzymes 
instead of precious-metal catalysts. Various 
oxidising and reducing enzymes – i.e., oxidore-
ductases – can be applied in these biobatteries 
as biocatalysts for the anodic or cathodic half-
cell reactions. The introduction of enzymes 
enables the operation of the cell under mild 
conditions and the utilisation of various renew-
able chemicals as fuels. These biobatteries can 
be utilised in a broad range of applications, 
including miniaturised electronic devices, self-
powered sensors, and portable electronics.

Environment-friendly and 
biodegradable solutions
For many applications, the power source should 
be biodegradable or able to be incinerated with 
normal household waste. Also, production 
costs should be reasonable. As an alternative 
power source, the miniaturised biological fuel 
cell has the potential to be developed to meet 
these demands. The competitiveness of VTT in 
the development of printed biobatteries is fruit 
of a multidisciplinary combination of expertise in 
printed intelligence and power sources as well 
as of strong collaboration with partners. VTT 

Biobatteries convert sugar to electricity
Amazing ecological solutions for mass-marketed consumer products 
with an integrated power source

Maria Smolander

has a strong background with several types of 
printing processes and has been concentrat-
ing on the design and manufacture of printable 
electrodes and bio-based power sources. 
Printing-based techniques enable mass pro-
ducible products at a low price. The possibility 
of using biodegradable materials in the printing 
process allows the power source to be fully 
disposable and environment-friendly. We have 
carried out several years of collaboration with 
the Process Chemistry Centre of Åbo Akademi, 
which has a strong background in development 
and analysis of materials for power sources as 
well as in research into combustion of various 
waste products, including household waste.
 
Roll-to-roll-compatible production
Prior to use, the electrodes of our biobattery 
can be stored in a dry state for weeks or even 
months; then, after activation with moisture, 
the battery is able to generate power for sev-
eral days. We have demonstrated the R2R 
processability (including drying) of the biologi-
cally active materials and the manufacturing of 
anodic and cathodic layers by means of rotary 
screen printing on VTT’s pilot-scale roll-to-roll 
printing line (Figure 1).

Integration of a biobattery with a 
printed supercapacitor
The peak current capacity of an enzymatic fuel 
cell can be improved through integration of the 
cell with a printed supercapacitor. The structure 
of the printed supercapacitor is designed to 
be easy to manufacture on the same printing 
substrate as the enzymatic fuel cell. The envi-
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Figure 1. Enzymatically active power 
source layers printed with VTT’s pilot-
scale roll-to-roll printing line.

Figure 2. Testing of the printed power 
source as power source for an LED.

ronment-related requirements for the power 
source are taken into account also in the choice 
of supercapacitor materials.

There is remarkable potential for biobatteries 
in, for example, package-integrated functional-
ity. Additionally, there is an emerging market for 
more specialised disposable electronics-con-
taining products, such as ‘smart’ patches and 
drug delivery systems in medicine and cosmet-
ics, advanced inventory and luggage tracking, 
active brochures, and other information-carry-
ing materials (e.g. active RFID tags). 
 
In the printed biobatteries service area, VTT’s 
offering covers all stages of product develop-
ment from development and production of the 
catalyst enzymes to power source performance 
characterisation and testing (Figure 2). Also, we 
are actively working with application integration 
of the biobattery and have demonstrated roll-

to-roll manufacturing process development for 
the electrode layers.
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Photovoltaic technology based on organic 
polymers (OPVs) is an attractive alterna-
tive to traditional crystalline silicon-based 
technologies within the rapidly growing PV 
industry.

OPV technology opens a vast range of novel 
application opportunities for fl exible and light-
weight autonomous energy harvesting in all 
end-use categories from consumer electronics 
to building-integrated PV and grid-level energy 
production. VTT’s development work on roll-
to-roll printable OPV systems contributes to 
an important part of this opportunity – i.e., 
enabling the manufacturing of large quantities 
of solar elements of various shapes and sizes 
with minimal environmental impact (Figure 1), 
thus reducing the unit-cost structure as well 
as the investment and environmental payback 
time.
 
The competitiveness of VTT’s roll-to-roll 
printed OPV technology stems from a com-
bination of:
• Flexibility
• Thinness
• Light weight
• Transparency
• Freedom of design – size, shape, colour
• Low-cost production structure
• Environmental sustainability

Recently, VTT demonstrated the feasibility of 
an autonomous fl exible energy storage device 
based on both printed OPV and thin-fi lm bat-
tery concepts. The work was done in the FP7 

ICT project FACESS. Also designed in this 
project was a dedicated printing line with post 
processing stages for oxygen-free production 
of OPV modules (Figure 2).

Potential short- and medium-term application 
opportunities for VTT’s printed OPV technol-
ogy include:
• Autonomous low-power applications
• Interactive packaging and point-of-sale 

products
• Mobile consumer electronics
• Interior design products
• Refl ective-type displays

Medium-term application potential of VTT’s 
roll-to-roll printed OPV technology can be 
found in the building-integrated PV sector, 
where OPV has advantages specifi cally as an 
architectural design element. The long-term 
application vision for printed OPV focuses on 
high-energy grid production.

Cost-competitive solar energy
Printed organic photovoltaic technology for energy harvesting

Sanna Rousu
Jukka Hast
Pälvi Kopola
Marja Välimäki
Mari Ylikunnari

Figure 1. A roll-to-roll processed OPV foil.
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Roll-to-roll processing and direct 
patterning
VTT’s roll-to-roll processed thin-fi lm OPV 
technology promotes cost-effi cient and 
environmental-impact-free production. Use 
of printing instead of, for example, coat-
ing methods enables direct patterning and 
thereby custom-shaped and special sized 
solar cell elements, as well as the manufacture 
of either large-area or small solar elements on 
the same manufacturing line. Direct pattern-
ing in a printing process allows effi cient use 
of solution-based ink-like materials, which is 
advantageous for both the energy and the 
material footprint of production. In VTT’s OPV 
manufacturing process, established printing 
methods from the graphic arts industry have 
been adopted to deposit multiple thin layers 
of material, including hole and electron injec-
tion and photoactive polymer materials, on a 
fl exible plastic substrate. Printing technologies 
also enable direct system integration – indi-
vidual solar cells can be directly integrated into 
modules for adjusting performance targets or 
mounted on a backplane and integrated with 
other components for the relevant end use. 
VTT has developed on-line monitoring and 
measurement solutions for ensuring continu-
ous high-volume and top-quality production 
of OPV modules on the roll-to-roll processing 
lines.

Manufacturing process development services
VTT’s core offering in the printed OPV fi eld 
includes manufacturing process development 
for individual operations or the whole process-
ing sequence, material testing and adaptation 
to roll-to-roll processing, scaling up of mate-
rials and processing from laboratory to pilot 
conditions, on-line characterisation develop-
ment, device characterisation services, and 
modelling of device structures. World-class 
pilot-scale roll-to-roll printing and process-
ing facilities allows VTT to scale up laboratory 
developments to pilot production trials with 
ease. Pilot-scale OPV processing can be done 
in either normal or inert atmospheres. Addition-
ally, VTT offers business innovation services 
aimed at supporting customer companies in 
identifying new products, applications, and 
business concepts in the OPV area.
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Figure 2. A solar energy module. 
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VTT is developing fully roll-to-roll printable 
organic light-emitting diode (OLED) tech-
nology. This enables a novel form factor, 
multi-colour display, and signage appli-
cations for cost-sensitive high-volume 
products.
 
Unlike rigid liquid crystal displays or refl ective 
electrophoretic and electrochromic display 
technologies, VTT’s fl exible and emissive 
printed OLED technology enables lean and 
agile production of specially shaped and sized 
display and signage elements (Figure 1) at low 
operation costs, with low investments costs 
for capital equipment. The competitiveness of 
the technology stems from a combination of 
factors:
• Emissivity
• Flexibility
• Thinness
• Transparency
• Freedom of design
• Multiple colour options
• Low power requirement
• Low operation and equipment costs

Depending on the application, mains, battery, 
or wireless power supply can be used to pro-
vide power to the printed OLED display and 
signage elements. Most recently, VTT has 
demonstrated the feasibility of using radio fre-
quency (RF) and Near Field Communication 
(NFC) techniques to supply power wirelessly 
to the OLED elements (Figure 2). These can 
be incorporated into diverse end applications 
such as retail displays.

New life of light
Printed OLED technology for fl exible signage and display applications

Markus Tuomikoski
Riikka Suhonen
Jukka Hast

Figure 1. A fl exible printed OLED element.

The low power requirement is enabled by a 
novel low-work-function cathode ink devel-
oped and patented by VTT. The ink enhances 
the functioning of the OLED elements by 
decreasing the supply voltage required and 
reducing total power consumption. The ink 
can be used in all printable electronics com-
ponents, including transistors, solar cells, and 
other electronic components.
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Figure 2. A wirelessly powered printed 
OLED smart card demonstrator.

Potential short- and medium-term application 
opportunities comprise:
• Interactive packaging and point-of-sale 

products
• Smart cards and smart labels
• Consumer electronics and interior design 

products

The long-term application vision for the OLED 
technology is to enable cost-effective realisa-
tion of emissive, fl exible, and wide-area display 
and signage elements for communication and 
architectural illumination.

Enabling manufacturing 
capabilities for cost-effective mass 
customisation

VTT’s unique approach to OLED manufactur-
ing promotes freedom of design. Printing as 
a manufacturing method enables fabrication 
of patterns of light in bespoke shapes and 
sizes. For example, these can be used for 
illuminating pictograms, numerals, and other 
characters. VTT’s proprietary manufacturing 
process uses conventional printing methods 
to deposit multiple layers of material, including 
a light-emitting polymer, on a fl exible plastic or 
glass substrate. In addition, roll-to-roll process 
automation techniques enable continuous high 
volume fabrication of OLED elements while 

making effi cient use of solution-based ink-like 
materials. To guarantee high-quality produc-
tion, VTT also develops on-line monitoring and 
measurement solutions for industrial-scale 
production.

Material formulation and process 
development services
VTT’s core offering to customers includes 
material formulation and testing, development 
of a suitable roll-to-roll manufacturing process, 
and device characterisation services. We have 
at our disposal unique world-class research 
and development facilities to introduce lab-
oratory-scale developments to pilot-scale 
production trials utilising both inert and in-air 
roll-to-roll printing processes. The additional 
VTT offering in the fi eld of OLED technology 
includes product and business innovation 
services. These services help customers to 
identify new product ideas and novel business 
concepts for early market trials and wider 
commercial adoption.
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VTT is developing printable fl ex-
ible transistor arrays for use as display 
backplanes in conjunction with its fully 
roll-to-roll printable polymer light-emitting 
diode frontplane in order to provide a fl ex-
ible and robust solution for displays that 
enable novel form-factor devices for cost-
sensitive high-volume products.

Active-matrix organic light-emitting diode 
(AMOLED) displays have now become com-
monplace in smartphone, tablet, media 
player, and other reduced-form-factor 
devices. Most OLED displays on the market 
are based on rigid glass substrates and tra-
ditional backplane technology for driving the 
display pixels.

Meeting the high resolution 
and registration accuracy 
requirements

An AMOLED display (Figure 1) requires a 
transistor array for the backplane with a pixel 
resolution similar to that of the emissive dis-
play frontplane. As a consequence, the detail 
resolution and registration accuracy must 
be 1–2 orders of magnitude better than the 
display pixel resolution. VTT targets both 
high-resolution TFT arrays and backplane 
solutions for low-density and segmented dis-
plays for which operation costs and capital 
equipment investments are optimised.

The competitiveness of VTT’s technology 
and processing solution has its roots in an 
approach that emphasises optimisation of 

Driving fl exible displays
Printed transistor arrays for active-matrix fl exible display backplanes

Henrik Sandberg

the entire system for the target application. 
VTT has identifi ed the key bottlenecks and 
addresses them by applying various process-
ing techniques and combinations of methods 
that are compatible with a printing-type pro-
cess fl ow based on fl exible substrates on a 
roll. Novel processing techniques and device 
types are explored, for fi nding a solution that 
is compatible with the restrictions imposed 
by the printing techniques and the properties 
of the available materials.

Enabling high-performance 
devices
The fi elds of science and technology 
addressed by VTT’s research and develop-
ment work in this area are:
• Electrode formation and transistor chan-

nel patterning

Figure 1. Vision of the realisation of a 
bendable transparent high resolution 
active matrix display element.
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 - The conductivity of the leads needs 
to be suffi cient, which often precludes 
the use of polymeric conductors

 - Transistor channels need to be of 
uniform dimensions, and they must 
be suffi ciently narrow yet, at the 
same time, wide enough to allow the 
required electrical current to fl ow to 
the display pixel

 - The gate electrode overlap with 
source and drain electrodes must 
be kept minimal in order to minimise 
capacitative effects and response 
delay

• Semiconductor and dielectric (insulator) 
layer uniformity

• The semiconductors should be applied 
in a thin layer, to minimise the OFF cur-
rent in the device, and the charge carrier 
mobility should be suffi cient, in the range 
of  1–0.1 cm2/Vs for most applications

 - The dielectric layer must be pinhole-
free and of a uniform thickness for 
all devices in the transistor array, to 
ensure uniform operation of the back-
plane – the human eye is extremely 
sensitive to contrast and intensity vari-
ations

• For multi-layer devices, optimal com-
patibility of materials, so as to avoid 
intermixing of different layers and dis-
solving or mechanical impact from 
consecutive printing processes

 
All of these factors must be addressed for 
well-functioning high-performance devices. 
The strict restrictions outlined above rule 
out straightforward use of established print-
ing techniques for all processing steps and 
necessitate innovative solutions for many 
intermediate processing steps. VTT has 
unique world-class research and devel-

Figure 2. The development of high performing organic transistor grids start from the 
detailed characterisation of individual devices and from optimising their structure. The 
inset shows a grid of working organic TFT devices on a  polyethylene terphtalate (PET) 
foil.
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opment facilities (Figure 2) to introduce 
laboratory-scale developments to pilot-scale 
production trials utilising both inert and in-air 
roll-to-roll printing processes.

Application markets for printable 
display backplanes
The following are among the potential appli-
cation opportunities for VTT’s printable 
display backplane technology in the short 
and medium term:
• Interactive packaging and point-of-sale 

products using segmented display ele-
ments

• Smart cards and smart labels with few or 
large display pixels

The long-term vision for application of VTT’s 
printed OLED backplane technology is to 
enable cost-effective realisation of emis-
sive, fl exible, and wide-area display modules 
for general use in consumer electronics or 
signage elements for such uses as commu-
nication.

Flexible backplane R&D and service offering
VTT’s unique approach to transistor array 
manufacture is based on top-down think-
ing. In view of the number of free parameters 
and the restrictions created by materials, 
processes, etc., the transistors are devel-
oped for each specifi c application’s required 
performance. VTT has directed substantial 
resources toward optimising reproducibility 
in the printing process, increasing registration 
accuracy, and building know-how in printing 
ink formulation for materials processable for 
electronic solutions.

To guarantee high production quality, VTT also 
develops on-line monitoring and measure-
ment solutions for industrial-scale production 
of roll-to-roll printed elements.

Device development is performed mostly in 
bilateral commission-based research projects 
closely coupled with basic large-area printing 

development for solution processable func-
tional materials in general at VTT.

VTT’s service offering: In printed back-
plane technology, VTT’s core offering to 
customers includes material formulation 
and testing, backplane solution optimisa-
tion, manufacturing process development, 
and device characterisation services. Addi-
tional services in the display sector include 
P-OLED technology and product and busi-
ness innovation services to support customer 
companies’ identifi cation of new product 
ideas and novel business concepts for early 
market trials and commercial adoption.
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VTT’s roll-to-roll printing technologies 
combined with low-power microelectron-
ics enable the integration of sensing and 
communication functions into wide-area, 
fl exible and thin surfaces.

Combining sensing and 
communication technologies
Printed sensors (Figure 1) can be used to add 
interactive user interfaces to injection moulded 
objects, functional packaging, printed post-
ers, or even fl oors and walls in buildings. 
Sensor readout and communication with the 
ICT infrastructure is implemented using highly 
integrated silicon-based microelectronics and 
established communications protocols. This 
hybrid approach enables the creation of new 
products with novel functions and a short 
lead-time to market.
 
The advantages of VTT’s wide-area sensing 
technology include:
• Thin and fl exible form factor
• Compatibility with standard communica-

tions protocols such as NFC, RFID and 
ZigBee

• Integration into surfaces with printed 
graphics and different textures, enabling 
attractive user experiences

• The use of hybrid combinations of various 
sensing and communication technologies 

Printed sensor systems are based on a 
combination of sensing and communication 
technologies such as touch sensors, light 
sources and displays. These systems can be 

Wide-area sensing surfaces

Antti Kemppainen

Printed sensors with integrated readout and communication enable 
ubiquitous sensing

powered using fl exible batteries, printed solar 
cells, or electromagnetic fi eld radio frequency 
identifi cation (RFID) and near fi eld commu-
nication (NFC) technologies, for example. 
Wide-area implementation also enables non-
touch capacitive sensing for proximity sensing 
or non-contact user interfaces.

A versatile application platform
Examples of the short-term application poten-
tial of integrated sensor systems include:
• Gaming and entertainment applications
• Interactive graphical products such as 

posters with user interfaces
• Indoor or structural monitoring in build-

ings

In the longer run, we envision enabling new 
functions by using printed components and 
printed system integration only. In particu-
lar, interesting new opportunities will emerge 
through the development of printed transis-
tors for sensor scanning circuitry. This would 
reduce the complexity of silicon integration by 
reducing the number of connections. Addition-
ally, very promising results have been obtained 
in the development of specifi c printed sensors 
in, for example, environmental and diagnostics 
applications.

Smart NFC poster
VTT has developed a wide-area printed 
capacitive sensor platform that enables 
touch or non-touch user interface integration 
into applications with a high demand for fl ex-
ibility or thinness. Direct implementation on 
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paper or plastic is also possible. For exam-
ple, a smart poster combining the functions 
of NFC communication and large-area sens-
ing has recently been developed by VTT. In 
this approach, the communication between 
the mobile terminal and the smart poster is 
based on NFC technology. In the poster, end-
user interaction is enhanced by integrating 
printed touch sensors into the poster. Finally, 
dynamic interactivity and the user experi-
ence have been boosted by integrating light 
sources onto the surface of the poster can-
vas.

In addition to printed capacitive sensing, sev-
eral other sensor technologies have been 
demonstrated. These include strain gauges, 
switches, gas sensors, piezoelectric sensors 
and light detectors.

Sensor systems R&D and service 
offering
In sensor system development, VTT has an 
extensive and multidisciplinary R&D offering 

Figure 1.  A printed wide-area sensor matrix.

to enable fast product development. R&D pro-
jects can include:
• Sensors and interconnect printing
• Flex integration
• Integrated and embedded electronics 

design and implementation
• Sensor network solutions using various 

communication protocols
• Application prototyping including soft-

ware and hardware development
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VTT is developing a hybrid in-mould inte-
gration technology that enables seamless 
integration of novel optical, electrical, and 
mechanical features into 3D plastic products.

Seamless hybrid in-mould integration
Embedding novel optical and electrical features in 3D plastic products

Freedom of design
With VTT’s approach, industrial product 
designers gain more design freedom while 
simultaneous benefi t can be reaped from 

Kari Rönkä

Figure 1. VTT’s integrated manufacturing concept.



51

Components, systems and products

reduced complexity, volume, and cost of 3D 
product systems. The hybrid technology truly 
combines the best of both worlds – the unique 
form factor of printed organic electronics com-
ponents and the high performance of inorganic 
electronics devices. In addition, utilisation 
of roll-to-roll manufacturing in the printing, 
assembly, and over-moulding of fl exible hybrid 
electronics systems enables cost-competitive 
production of 3D plastic products.

The concept (Figure 1) is based on seamless 
combination of roll-to-roll printing, compo-
nent assembly, lamination, foil forming, and 
in-mould-labelling processes. Hybrid in-mould 
integration technology as part of a product 
design enables: 
• Lower product complexity
• Reduced product volume
• Seamless integration
• Design freedom
• A simplifi ed manufacturing value chain

Figure 2. A fl exible signage element with 
embedded inorganic LEDs.

Combining fl exibility with 
performance
VTT has in-depth expertise and experience in 
bonding of electronics chips and fl exible com-
ponents on roll-to-roll printed backplanes and 
other fl exible substrates.

Key embedded functionality is found in appli-
cations such as:
• Indicator lights
• Backlights
• Capacitative touch switches
• Optics
• Sensors

Rapid prototyping and pilot 
manufacturing
VTT has unique rapid prototyping and pilot 
manufacturing capabilities for creating 3D 
plastic structures based on over-moulding 
of flexible hybrid electronics systems. VTT 
has designed and manufactured several 
proof-of-technology demonstrators, con-
sisting of:
• Flexible wide-area printed capacitive sen-

sor systems
• Flexible signage elements with embedded 

inorganic (Figure 2) and organic LEDs
• Flexible autonomous power source and 

storage systems
• Optical 3D touchscreens

Optimisation of user experience 
and manufacturing costs
Potential areas of application for VTT’s hybrid 
in-mould integration technology in the short 
and medium term are:
• Automotive interiors
• Aviation interiors
• Medical and health-care products
• Consumer products
• Point-of-sale products

In all of these short- and medium-term target 
application areas, work to adopt new hybrid 
solutions is driven by the need to enhance 
user experience and product performance 
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while, simultaneously, reducing the systems’ 
material and manufacturing costs.

In the area of plastic integration technology, 
VTT’s core offering to customers includes:
• Manufacturing and integration technology 

R&D
• Product concept design and rapid proto-

typing
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Printed logic and memory is projected to 
gain a signifi cant market by the end of this 
decade, with relevant application areas 
ranging from simple data-carrying cards to 
programmable RFID tags. VTT has devel-
oped a fully roll-to-roll printable electrical 
memory based on patented nano-particle 
sintering technology.

Successful product prototype 
demonstration
In 2011, VTT printed a pilot series of ten 
thousand memory devices using roll-to-roll 
fl exographic printing as shown in Figure 1. The 
memory units were used in 1,000 electronic 
voting cards that were fabricated with Stora 
Enso Corporation for conference-organiser 

Printed logic and memory
Low-cost and fl exible printed electrical memory for data-card 
applications

Ari Alastalo
Tomi Mattila
Jaakko Leppäniemi
Terho Kololuoma
Mika Suhonen

Figure 1. Roll-to-roll printing of memory bit arrays on PET substrate.
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IDTechEx (Figure 2). The voting cards were 
distributed to visitors to the Printed Electron-
ics Europe 2011 conference for selection of 
the best exhibition booth. VTT was behind 
the readout of the votes stored on the cards, 
using a bespoke contact reader. The battery 
inside the card used for memory programming 
was made by Enfucell, and the ink used for 
the memory bits came from Advanced Nano 
Products.
 
Enabling data-carrying and 
programmability by printing
The advantages of VTT’s roll-to-roll printed 
WORM memory technology include:
• Low cost per bit of memory, achieved via 

minimal usage of nano-particle ink
• Low-voltage programmability enabling 

applications that utilise printed batteries
• Flexibility and integration possibilities for 

various substrates
• Demonstrated data retention times of 

months

Printed electrical memory for 
various applications
The write-once, read-many operation of the 
printed WORM is convenient in applications 
wherein data are written only once, for one or 
more readout operations. These applications 
include:

Figure 2. Electronic voting card used at 
IDTechEx Printed Electronics Europe 2011.

• User-feedback forms such as the voting 
card or ‘smart packaging’ products

• Event-detecting sensor applications such 
as moisture sensors inside building walls 
or event-loggers for supply chains

• Product ID or tag applications in which 
the content of the code needs to be writ-
ten after fabrication

Memory R&D and commercialisation activities
VTT is developing the WORM technology 
further to reduce the writing voltage required 
and to increase data storage times. VTT 
develops client specifi c product prototypes 
like the voting card and is seeking partner-
ships in R&D and commercialisation of such 
applications.
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VTT, Sinebrychoff, and Aller Media have 
together created a new augmented-reality 
(AR) application aimed at activating the 
reader and adding a new dimension to 
print advertising. A user-centric approach 
was applied in the development process 
for the application. Readers of three Aller 
magazines were involved in the discussion 
of what kinds of interactive features would 
be attractive and motivating for them.

Augmented reality is a promising tool for 
creation of playfulness connected to printed 
items. In last year’s printed intelligence pub-
lication, we reported about a packaging 
application enhanced by AR. This year, we 
report on a broader AR-based concept devel-
oped in the Ubimedia project as part of the 
Tekes-funded Next Media programme. One 
of the outputs of the project is the commer-
cial AR application created in co-operation by 
VTT, Sinebrychoff, and Aller.

Sinebrychoff are the leading manufacturer 
of beers, ciders, and soft drinks (including 
energy drinks) in Finland. They began brewing 
operations in 1819 and are today the oldest 
brewery in the Nordic region and Finland’s 
oldest producer of foodstuffs. Sinebrychoff 
is part of the international Carlsberg Group. 
Aller is a magazine publisher operating in all 
of the Nordic countries. The total circulation 
of the Aller magazines is more than fi ve mil-
lion in the Nordic region, reaching more than 
16 million dedicated readers every week. 
Aller Media Oy have operated in Finland 

Mobile augmented reality
VTT, Sinebrychoff, and Aller launch an augmented-reality advertising 
format

Anu Seisto
Alain Boyer
Charles Woodward
Caj Södergård

since 1992. They are the leading publisher 
of entertainment and television magazines in 
this region.

A user-centric approach was taken in the 
design of the new mobile AR application. 
Focus-group interviews were carried out with 
readers of three Aller magazines, for fi nding 
out how familiar the users were with mobile 
applications, what the motivating factors 
were behind the use of mobile applications, 
and what kinds of features were attractive to 
the readers. On the basis of the results from 
the interviews, Elle readers were determined 
to be the most promising focus group.

Usefulness of the application was empha-
sised when the technology-acceptance of 
the Elle readers was investigated. There were 
no specifi c comments on ease of use, indi-
cating that this would not be an issue for the 
Elle readers. In addition, the strong brand 
of Elle affects the readers’ attitudes toward 
advertising in the magazine. They have great 
trust in the quality of the advertisements and 
would not have a problem in trusting a mobile 
application or service associated with the 
magazine.

The fi nal result of the project, an interactive 
Golden Cap Sparkly advertisement (Figure 1) 
by Sinebrychoff, was presented to the read-
ers of the magazine in late November (in the 
December issue of Elle). The AR application 
created for the advertisement enriches the 
experience of reading the magazine by pro-
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viding the smartphone-user with a 3D game 
that is visually very impressive. The applica-
tion is uploaded to an iPhone, after which the 
reader can play a Sparkly game by looking 
at the advertisement via the screen of said 
device. After successfully completing the 
game, the reader is sent a discount cou-
pon by text message, also receiving a list of 
restaurants and a map indicating where the 
coupon may be used, as well as additional 
information on the drink. The coupon provides 
a useful element in the application. In addi-
tion, the reader is able to share the discount 
with friends in the form of a text message. 

Thereby, a friend may have any mobile phone 
and still make use of the discount.

VTT handled the technical implementation, 
Undo the provision of the 3D content, Sine-
brychoff the product that was advertised, 
and Aller provision of the media environment 
in the form of the magazine. The project 
offered a fruitful case study of using technol-
ogy in a consumer application. The aim of the 
co-operation was to bring new dimensions 
to advertising and to give the readers new 
experiences. The approach is also an excel-
lent example of combining printed and digital 

  
Figure 1. The Augmented Reality application created for Sparkly  advertisement provides 
a smart phone user a 3D game (middle). A successful game results in a discount coupon 
(right). The map over restaurants, where the coupon is valid, is also offered (left).
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content in advertising and in this way mak-
ing printed advertisement interactive. At the 
same time, a brand can be presented in a 
new environment and a new kind of buzz may 
be created around it.
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Business from printed intelligence 
technologies
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PrintoCent is joint co-operation in the 
fi eld of printed intelligence and optical 
measurements. Together in PrintoCent, 
member companies get easy access to 
new business development and pilot man-
ufacturing resources for the introduction 
of printed intelligence components, sys-
tems and products, from pilot production 
to early market trials.

In PrintoCent, companies and founding mem-
bers join forces to:
• Build industrialisation capabilities
• Identify new ‘killer applications’ and novel 

business ideas
• Demonstrate product concepts for 

potential market trials

Come and join the PrintoCent 
ecosystem
PrintoCent is a platform for the creation of 
innovative products enabled by printed intel-
ligence technologies; these products offer 
opportunities to disrupt existing value chains 
and create new companies with new business 
models. PrintoCent`s project-based opera-
tions are jointly developed and implemented 
by the member companies. Financing of the 
joint projects is primarily based on public-pri-
vate partnerships, with the overall programme 
being coordinated by VTT.

Themes for the programme period 
2013-15
The next three-year programme period will be 
planned during 2012 and will be launched at 

PrintoCent
Jointly towards industrialisation and commercialisation

the beginning of 2013. We welcome compa-
nies to join PrintoCent and participate in the 
preparation efforts. The programme will be 
about:
• Building the industrialisation capabilities 

for design fl ow and manufacturing pro-
cesses in printed intelligence. The key 
topics are related to standardisation, 
design rules, CAD tools, and compo-
nent libraries that link schematics, layout 
and materials to simulation and testing. 
The goal is to establish competencies to 
enable industrial-level R&D and manu-
facturing operations.

• Offering pilot-scale roll-to-product manu-
facturing services and further developing 
manufacturing techniques and infra-
structure. The goal is to fulfi l the needs 
of both mass production (batch sizes of 
>1 million units) and niche opportunities 
that focus on smaller-scale production 
of speciality products. Other enabling 
technology development areas include 
online and offl ine measurement sys-
tems for characterisation, testing and 
data collection to improve product yield, 
manufacturing traceability and quality 
assurance.

• Identifying ‘killer’ product applications, 
starting from the idea, defi ning the speci-
fi cation, and creating a product and 
manufacturing concepts. 

PrintoCent today
The PrintoCent programme was founded in 
2009 as a response to the need for a busi-

Ilkka Kaisto
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ness development and pilot production 
environment to manufacture components, 
product demonstrators and solutions based 
on printed intelligence technologies. These 
capabilities were considered instrumental 
in speeding up the commercialisation and 
industrialisation of world-class printed intel-
ligence research results.

The founding members of PrintoCent are 
today running a 15 million euros project port-
folio for the years 2009-2012, in cooperation 
with world-leading industrial companies. 
Joint investments and development efforts 
have resulted in the creation of a truly unique 
pilot factory environment for members to 
use. PrintoCent has hosted seminars and 
produced many demonstrators to promote 
and stimulate the commercialisation and 
industrialisation of printed intelligence tech-
nologies. By the end of 2011, companies had 
invested more than 2 million euros in Printo-
Cent and nine new spin-off companies had 
been created, highlighting how an incubation 
environment supports the commercialisation 
of printed intelligence technologies.

PrintoCent looks broadly for global coopera-
tion and continues to expand its network and 
volume of activities. Deeper international net-
working and cooperation is currently being 
strengthened in the VTT-coordinated Euro-
pean Commission COLAE project, with 17 
partners from 12 countries.

The founding members of PrintoCent are VTT 
Technical Research Centre of Finland, the 
University of Oulu, Oulu University of Applied 
Sciences, and Business Oulu. To ensure the 
availability of a skilled workforce for industri-
alisation, the Oulu-based universities have 
already started printed intelligence educa-
tion in M.Sc. and B.Sc. programmes, and 
for experienced industrial people looking for 
a new start, special printed intelligence train-
ing programmes have been run. PrintoCent 
is part of the Oulu Innovation Alliance (OIA).

More information
www.printocent.net
www.colae.eu

ILKKA KAISTO
Director, PrintoCent
+358 40 149 4006
ilkka.kaisto@vtt.fi 
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Ingredients of new spin-offs
An idea, a team and capital are the ingredi-
ents of new spin-offs. Where do these ideas 
come from? More importantly, how do they 
come about? Understanding differences in the 
idea process is important in order to be able to 
infl uence the innovation and increase the odds 
for commercial success.

Spontaneous
Sometimes the ideas behind a potential spin-
off company come spontaneously from one 
researcher or from a group of researchers 
when solving a problem. It may sound strange, 
but sometimes fi nding an unknown problem 
is an even better starting point for IPR and 
innovation. Sometimes a strong spirit of entre-
preneurship sparks the individual(s) to take the 
idea forward into commercialisation. Let’s call 
these company embryos as Spontaneous.

Guided
Sometimes a different kind of sequence of 
events happens. A person external to the 
research sees the potential of the research 
work. This person could be an insider at VTT, 
like a business developer, or they could be an 
outsider, like a customer, or some person that 
otherwise has access to VTT’s project portfo-
lio and IP. It may happen be that this person 
wants to learn more and understand better 
what the project is all about in order to fi nd 
the seeds of possible innovation. If we are 
lucky, the entrepreneur candidate is excited 
enough to start guiding the research process 
towards commercialisation. This kind of open 

Spin-offs come about in different ways

innovation process, where research and out-
side entrepreneurship collide, is a great source 
of new ideas. Often, times the researchers 
involved get even more motivated about their 
work as they also see the potential. We call 
this kind of company embryo as Guided.

On-demand
Innovation can also happen ’‘On-demand’. 
Some venture capitalists and innovation play-
ers actually work this way. They scan the 
market for ’‘gaps’ for new innovations. They 
look for unsolved problems or disruption in 
industries which that may open opportuni-
ties for new IPR and start-up companies. A 
precondition for on-demand innovation is 
deep understanding of the industry, its trends, 
technological life cycles, related science, and 
the needs of the customers, whether con-
sumers or corporations. This insight typically 
comes typically from years of experience and 
visionary thinking. Once an opportunity is dis-
covered, a group of people is needed to put 
that idea into reality. Let’s call these spin-offs 
as On-demand.

Harvesting of ideas
By harvesting, we mean taking advantage of 
existing services and products, that have been 
developed by research teams together with 
customers, who and that have already entered 
the market one way or another. This some-
times happens even in the research context. 
You could argue that in these kinds of cases, 
commercialisation is easier – the products and 
services are already at least in the Beta-phase, 

Antti Sinisalo

VTT Ventures



  62 

having already found customers and end-
users. This customer base may form the basis 
for recurring revenue for a new company. We 
call this approach Harvesting of Ideas.

The Printed Intelligence programme has been 
at the forefront of commercialisation efforts 
within VTT, pioneering new approaches. 
Right from the start, the foundation of the 
programme was visionary, also, the ambition 
to commercialise was  strong. People within 
the programme have gathered a deep insight 
into the industry, keeping close contact with 
relevant science forums, industry experts, 
end-users and customers, and the venture 
capital community. This insight has given 
the programme good tools in guiding the 
research towards successful commercialisa-
tion. This has lately resulted in a new touch 
-panel technology company, TactoTek Ltd. 
We have also seen spontaneous spin-off ini-
tiatives by entrepreneurial individuals working 
in the programme, producing companies like 
Iscent Ltd and KeepLoop Ltd. At VTT Ven-
tures, we are excited about the next seeds 

of innovation from Printed Intelligence when 
moving forward.

The mission of VTT Ventures is to focus on 
extracting value from VTT technology by 
developing VTT -based high-tech companies 
with international growth potential.

ANTTI SINISALO, CEO
+358 40 524 8751
antti.sinisalo@vtt.fi 
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Nanometre accurate sensors
FocalSpec is a promising newcomer in the 
fi eld of surface measurement. The company 
develops and manufactures nanometre accu-
rate surface topography and gloss measuring 
sensors for high-speed online applications, 
based on their proprietary Lateral Chromatic 
Imaging (LCI) technique.

This new technique is fast, accurate and 
immune to many of the disturbances present 
in an industrial environment. It is applicable to 
several different surface types, including dif-
fuse, glossy, coloured and transparent. The 
technique can also be applied to measur-
ing the thickness of transparent objects and 
coatings on non-transparent objects. It can 
also be used for highly accurate thickness 
measurement of non-transparent objects.

Positive results from steel 
industry
The fi rst products are already being used by 
the steel industry. One of the users of the 
technology is Outokumpu Corporation. The 
company has for the fi rst time been able to 
see and measure in real-time how different 
treatments of the steel affect the fi nal surface 
fi nish and gloss.

Unique measurement accuracy in 
transparent packages
According to the business development direc-
tor of FocalSpec, Heimo Keränen, the online 
seal integrity inspection of airtight packages 
in, for example, pharmaceutical and medi-

FocalSpec offers accurate and unique 
measurement technology for industry

cal products is also very important. “There is 
no proper technology to check the integrity 
of the seals in transparent packages on the 
market at the moment. Pressure tests are not 
able to detect defects accurately enough. 
With our optic tomographic measurement, 
we can see the inner structure of the seals, 
making the accuracy close to 100 per cent”, 
Keränen says. Ultrasound measurement, for 
example, is slower and the resolution is not 
as accurate. The device technology is simple 
and it can be done cost-effectively.

Next-step global markets
In the immediate future, FocalSpec aims 
to focus on the most promising opportuni-
ties where there is a perfect combination of 
technology performance and market needs. 
Internationalisation is the next step, and the 
company hopes that national pilot projects 
will help to boost the company in global 
markets in the near future. Primarily, VTT Ven-
tures and private investors have invested in 
the company. Other investment opportunities 
are under way.

The FocalSpec business is based on con-
tinuing development of applications for the 
patented LCI technique, originally developed 
at VTT. Its investors are experienced entre-
preneurs with an excellent track record in 
building and growing new businesses. The 
company’s turn-over is expected to exceed 
5 million euros and the number of employees 
to exceed 20 in 2015. The company is based 
in Oulu, Finland.

Irene Hernberg



  64 

 

HEIMO KERÄNEN
Business Development Director
+358 10 231 2811
heimo.keranen@focalspec.com

www.focalspec.com

FocalSpec team Karri Niemelä (left), Vesa Koskinen, Heimo Keränen, Pekka Salin and 
Jari Hoikkala. The team includes also managing director Sauli Törmälä who is not in the 
picture.
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A mobile add-on
KeepLoop has commercialised a device that 
adds a microscope to a mobile phone, tablet 
or laptop computer. The product is based on 
VTT-developed next-generation technology, a 
compact structure as a mobile add-on, and 
customisable additional features.

The technology behind the mobile micro-
scope was developed at VTT and licensed 
out to KeepLoop. Development cooperation 

Next-generation lens technology turns a 
mobile into a microscope

with VTT continues, and work is currently 
underway to connect a microtopography 
and colour measurement meter to a mobile 
phone.

Professional products launched 
fi rst
The fi rst products are designed for industrial 
use. More affordable consumer products will 
be released later on. Mobile microscopes can 
be used to study surface formations, particu-

Irene Hernberg

KeepLoop consists of CEO Ali Toivola, Chairman Jaakko Raukola and CTO Jukka-Tapani 
Mäkinen.



  66 

larly as part of quality control in the printing 
industry. In the security business, the devices 
could be used, for example, to read microc-
ode in various logistics systems. Mobile 
microscopes can also be used to study secu-
rity markings and to authenticate products for 
brand protection purposes. The microscope 
is also capable of showing security printing 
and codes on product labels.

The microscope is also ideal for studying the 
environment. Consumers can use it when out 
and about to examine plants and insects, for 
example. Other potential applications are the 
examination of textile structures, skin, hair, 
and the fi bre structure of paper.

The device can be utilised in social media and 
community-based hybrid media where regu-
lar media usage patterns are linked.

KeepLoop in a nutshell
The company is based on VTT-developed 
technology in which a mobile device is turned 
into an instant microscope by attaching a 
thin microscope module in front of the cam-
era’s normal lens. The device fi ts easily in the 
user’s pocket and is therefore easy to carry. 
The resolution of the device is below one 
hundredth of a millimetre. Among those who 
will benefi t from the device are the printing 
industry, security technology and education. 
It also functions with integrated cameras on 
laptops and computers.
 

ALI TOIVOLA, CEO
+358 40 839 2215
ali.toivola@keeploop.com

www.keeploop.com
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Light-scattering effects on plastic 
fi lms and paper
A cost-effective ecological solution with no 
metal, extra lacquers or lamination is prom-
ised by Iscent Ltd, a spin-off based on VTT 
technology, which prints light-scattering 
effects on plastic fi lms and paper surfaces. 
The company was launched roughly one year 
ago, when an opportunity to commercialise 
this particular printed intelligence technology 
surfaced during a seminar in Lapland. 

The focus of the company is to produce addi-
tional optical effects using a hot embossing 
process, especially on consumer packaging. 
At the moment, the most signifi cant invest-
ment is the hot embossing line, which is 
1.2 metres wide and will be introduced this 
autumn. 

“This hot embossing line is designed to fi t the 
regular printing house lines and is especially 
developed to meet the needs of new pack-
age solutions”, says Iscent’s CEO, Jaakko 
Raukola. According to Raukola, this new 
wider hot embossing line could very well be 
a part of the traditional printing line or could 
work side-by-side with it. An important sales 
argument is the ecological aspect of the 
holographic appearance. “There are several 
top-notch printing houses globally, but Iscent 
can offer a new edge with light-scattering 
effects produced without the harmful var-
nishes and metals traditionally used. These 
extra effects can be produced directly on the 
hot embossed surface”, says Raukola. UV 

Ecological light-scattering effects through 
hot embossing

varnishes and metal foils are expensive solu-
tions, and hot embossing enables the same 
effect to be produced in an environmentally 
friendly and cost-effective manner. The pro-
duction speed also meets the requirements 
of traditional printing lines. 

Long history of hot embossing 
technology at VTT
VTT has a long history with hot embossing 
technology. Through the launch of VTT’s 
Centre for Printed Intelligence years ago, 
new recruitment took place and new solu-
tions for the technology were evaluated. The 
personnel had a deep understanding of the 
technology but at the same time they were 
business-minded. Iscent has had an oppor-
tunity to use VTT’s pilot environment and 
work with VTT personnel before licensing the 
technology. 

“Iscent has the support of business angels 
with wide and international experience from 
the packaging environment and from VTT 
Ventures as investors. There is also a Tekes 
project in progress, so things are looking up”, 
says Raukola. 

Market need 
The company has realised that there is a 
clear market need for their technology and 
products. The market opportunity is large, 
from cardboard to plastics and cellophanes, 
and the process is simple, cost-effective 
and ecological. It is easy to approach global 
brand owners that are currently looking for 

Irene Hernberg
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new effects for their products. Additionally, as 
the product is high quality and food safe, it 
means it can also be used in food packaging 
applications. 

Beyond packaging, hot-embossing has 
applications in a wide range of markets. 
Products being planned include lamination 
solutions, technology that can be added to 
consumer electronics products, micro-codes 
for brand-protection, in-mould plastic inserts, 
decorative interior products, sports equip-
ment, and diagnostic tests.  

Future plans
According to Iscent, the company plans to go 
global with several licensing deals and pro-
duction sites anticipated within the next fi ve 
years, the focus markets being in Europe, 
the USA and Japan. “We hope we will have 
successfully integrated our technology into 
several packaging and printing houses glob-
ally by then”, Raukola concludes.  

Iscent consists of Manager in production and development Valtteri Kalima, Manager in 
sales and marketing Eero Hurme and CEO Jaakko Raukola.

JAAKKO RAUKOLA, CEO
+358 405272684
jaakko.raukola@iscent.fi 

 www.iscent.fi 
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Innovation for a growing market
The global touchscreen market is currently val-
ued at USD 10 billion. The market is expected 
to expand from mobile phones and tablets 
to other consumer electronics and industrial 
applications in near future. VTT-based spin-
off TactoTek Ltd. has recognised the business 
potential and has developed a method by 
which plastic injection moulding can be com-
bined with printed electronics in order to 
develop and manufacture touch panels based 

Promising touchscreen technology 
combines plastic injection moulding with 
printed electronics

on FTIR technology with lower costs than at 
present. Components can be printed on a 
fl exible plastic fi lm, which is then embedded 
in plastic, such as in the casing of a product.

Combining optics with printed 
electronics
The roots of TactoTek lie in a customer project 
at VTT four years ago. The project was about 
developing optical features for touch screens. 
Antti Keränen, senior research scientist at 

TactoTek consists of Chief engineer Mikko Heikkinen, CTO Antti Keränen (back), CEO 
Juha Salo and Mika Karilahti.

Irene Hernberg
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VTT, and his colleagues took a side step and 
became interested in the manufacturing pro-
cesses. They got a slice of VTT’s own project 
and a chance to try their own ideas in practice. 
Commercial opportunities were already being 
investigated in 2008 when printed electronics 
also came into the picture. Combining printed 
electronics with the technology was crucial, as 
it enabled lower costs yet good quality.

Licensing and manufacturing
TactoTek was founded in May 2011 and 
has exclusive rights to the invention, which 
includes fi ve patents altogether. To help the 
company get started, it received investments 
from VTT Ventures. A prototype was sub-
sequently produced, and in January 2012, 
the company raised a seed capital round of 
fi nancing led by Conor Venture Partners and 
VTT Ventures.

JUHA SALO, CEO
juha@tactotek.com
+358 40 353 7105

www.tactotek.com
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Roll-to-roll facilities for printed intelligence

R2R-PILOT printing line
• 4 swappable printing unit slots

 - forward and reverse gravure
 - rotary silk screen
 - fl exography
 - slot die coating

• Plasma substrate treatment unit
• Lamination unit
• R2R hot embossing unit
• Die cutting unit
• Drying units (air, UV)
• Automatic registration system 
• Max. web width 300mm
• Max. web velocity 30m/min

NICO inert-atmosphere printing line
• 2 swappable printing unit slots

 - forward gravure
 - rotary silk screen

• Lamination unit
• Drying units (IR)
• Oxygen level on line between 0,1 - 1%
• Max. web width 300mm
• Max. web velocity 20m/min

PICO Pilot printing line
• 2 forward gravure printing units
• R2R hot embossing unit
• Corona substrate treatment unit
• Lamination unit
• Drying units (air, UV, IR)
• Manual registration system with control 

cameras
• Max. web width 250mm
• Max. web velocity 120m/min
• Installed in clean room (ISO7)
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ROKO Pilot printing line
• 4 swappable printing unit slots

 - forward gravure 
 - reverse gravure 
 - rotary silk screen
 - fl exography 

• Corona and plasma substrate treatment 
units

• Lamination unit
• Drying units (air, UV, IR)
• Manual registration system with control 

cameras
• Lift off, paste etching, solvent lamination 

and ultrasonic washing processes
• Max. web width 300mm
• Max. web velocity 10m/min

EVA R2R-evaporator
• Metal thin fi lm evaporation

 - silver
 - aluminium
 - calcium

• Nitrogen atmosphere
• Max. web width 320mm
• Max. web velocity 2m/min

R2R post treatment unit
• Die cutting unit
• Slitter unit
• Experiment line for camera development
• Max. web width 300mm
• Max. web velocity 50m/min
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R2R laser processing
• Laser sources 

 - Nd:YAG
 - CO2

 - diode
 - fi ber 
 - pulsed nano-, pico- and femtosecond 

lasers
• Laser ablation of insulators and metallic 

coatings for example: 
•  ITO, Ag, Au and Al.
• Marking, perforation and cutting 
• Sintering of printed nanoparticles  
• Max. web width 400mm
• Max. web velocity 30m/min

PILOT coating line
• 1 coating unit slot

 - fl exo-type coating
 - soft bar coating
 - curtain coating
 - spray coating

• Roll coating (2-roll and 3-roll)
• Spray coating
• Corona and plasma substrate treatment 

unit
• PLC-guidance
• Drying units (air, UV, IR)
• Max. web width 550mm
• Max. web velocity 90m/min
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VTT PRINTED INTELLIGENCE

Research, development and 
commercialisation highlights in 

   Printed Intelligence
           2011 - 2012

www.vtt.fi 
Technology and market foresight • Strategic research • Product and service development • IPR and licensing
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