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What is printed intelligence?

Printed Intelligence definition:

» printed components and systems which:

1.extend the functions of printed matter beyond traditional
visually interpreted textual and graphical communications

2.perform actions as a part of functional products or information
systems

* These intelligent functions carry out actions on/in the printed
item itself, and/or as a part of wider system that can include
¢ e.g. external power and computing sources, reading devices
~“*” and supporting information systems.
VIr
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What is printed intelligence?

Printed Intelligence definition continued:

* is based on innovative multidisciplinary technology integration of:
printing like mass-manufacturing methods,
Ink-like innovative material technology, and
functionalities created from electronics, biotechnology,
chemistry, optics, optoelectronics or their combinations

« end products include, but are not limited to:
» disposable sensors, =
smart packages, :
intelligent large area user interfaces,
optical/electronic codes and tags,
large area bioactive paper, etc.

© VTT 2007 4



Printed Intelligence

Communication New _embgdd.ed Sensing
functionality in
Displays packages and Quality

printed matter
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VTT and printed intelligence
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PRINTO- Printable optics and electronics
(Tekes 2002-2005)

Electrical components Optics Optoelectronic components
- Conductive polymers, Particulate conductors -Diffractive optics, Light guides - OLED, Solar Cells
-OROM
© Joy © VTT ELE
OVTTTTE OVTTTTE
© JyY
© VTT ELE
© oY © VTT ELE

Integrated modules for active and intelligent packa  ges

© Tapio Méakela, VTT Tietotekniikka
Kirsi/kauppinen & Terhi Nikula, Lapin
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VTT’s printed intelligence development areas

Bioactive paper Multi-technological |ICT/electronic
and fiber products smart products products

_ Components, circuits, integration-on-web, systems-o n-foll,
Generic, embedding 'electronics from inks' into products
enabling

technologies R2R processes & production equipment

© VTT 2007 9




VTT strengths in printed intelligence

Leading R2R process developer for printed electronics and intelligence

Established multidisciplinary technology know-how and personnel
» Materials
* Production equipment, processes and automation (lab & pilot)
* Functional devices, circuits, multi-technological integration on web

Broad application know-how in various different industries

innovations in interfaces, strong orientation towards applications and
businesses

CPI is a growth oriented strategic VTT initiative

© VTT 2007 10



Examples of printable electronics
developments at VTT

©VTT ©VTT

...and more. See http://cpi.vit.fi for further publicly available information.

VITr
A
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Examples of printable electronics
developments at VTT

...and more. See http://cpi.vtt.fi for further publicly available information.

VITr
A

© VTT 2007 12



R2R Biosensor

Optical detection using
labeled antibodies

Hot-embossed microfluidistics

Integrated all-polymer
structure

\E

rediation I;;ﬁm.x

_* label
L)

& i 3

Ty o .\- .
#7 ., analyte
3y L r” 3 . P
antibody , AN L _“'. £ /

R2R manuf. of
sensor structures
and ink-jetting of
biologicals

VIr
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Printed Intelligence and interactions
with mobile devices

“These intelligent functions carry out actions on/in the printed item itself,
and/or as a part of wider system that can include e.g. external power and
computing sources, reading devices and supporting information systems.”

Printed intelligence allows for the printed world to act as an intelligent
user interface to mobile content and services

* The printed item will not only carry links to on-line services and
content within the mobile phone (as is already done today with optical
reading of 2D barcodes) but will carry advanced meta data (e.g.
digital content, indicators, biosensors)

Further the mobile device may also activate/unlock certain functions
within the printed item

© VTT 2007 17



Print Access, Printinteract - SMART PAPER

Enables links from print to electronic media:
updatable/personalized content, audio and
video files

3ULQW $ FdkébNFehix-project in 2003-
2005

Print Interact: Fenix project in 2005-2006
Developed further into UpCode for UPC

Used by several publishers (e.g. Kauppalehti,
Eniro) and by VTT and TEKES (visiting
cards)

Hannu Linna, VTT

© VTT 2007 18



A rudimentary example of future possibilities of co mbining the
printed world with mobile communications
— Printed Optical ROM

© VTT 2007 19



Ink jet printed oxygen indicator

On demand, customized printing

Visual and/or optically readable, low cost
indicators attached or printed on the packaging
material

o for sterilised shelf stable products 1
« for fast moving consumer goods | | | |
Application areas:

» tamper-evidence of hermetically sealed
food/pharmaceutical packages

 evaluation of remaining shelf-life of packed
product

 evaluation of use-by date of perishable
products in opened package at home

© VTT 2007 20



Imaging food quality indicators with
a mobile camera phone (demo)

e Automatic detection of small colour changes
« Software calculate colour changes
—> product condition (fresh/not fresh)

Liisa Hakola, VTT m

© VTT 2007 21
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State of the industry

« Several years of R&D but industry in very early stages. No major
commercial breakthroughs to date.

« R&D activity and spending is increasing. In particular materials suppliers
(inks, chemicals) show increasing activity. Materials suppliers also show
highest short term revenue potential, as their materials are being tested by
application developers.

 First start-up companies to offer printed intelligence components and or
solutions have emerged, and established companies in various fields are
evaluating the impacts and possibilities of these new technologies on their
businesses.

« Growing venture capital interest, but lack of commercial successes.

© VTT 2007 23



Printable electronics

* Five printable electronics categories are expected* to dominate the PE
industry in the coming years:

1.Displays

2.RFID tags

3.Signage

4.Backplanes

5.Photovoltaics

+ the materials (substrates and inks) for these

* However, the market for these technologies is only starting to develop.
NanoMarkets estimates the total market of the above categories to grow to
12.6 billion USD by 2011 from the miniscule 50 million USD in 2006.

* NanoMarkets LC 2006 WT
© VTT 2007 24
A



Printed intelligence and mobile reading

 Many new printable intelligent features, in addition to printable
electronics, exist and are in development. Parties in the field are
seeking ways to commercialize these technologies.

 Where mobile reading is involved, optical reading is currently held
as the preferred means to mass application. However, added
functionality in printed codes places increasing requirements on
the optical processing capabilities of mobile phones.

 RFID and other electronically readable tags are also seeking
access into mobile phones and other mobile devices. These tags
may also include combined indicators and sensors.

VITr
A

© VTT 2007 25



]
Timelines

The market for organic and printable electronics is expected to be a $35 billion industry by 2015
and reach over $300 billion in 2025, that is, almos  t twice the size of the silicon industry today (Fro st&Sullivan)

Components, circuits, integration-on-web, systems-o n-foll,
embedding 'electronics from inks' into products

R2R processes & production equipment

Materials

Organic light emitting displays,

Hybrid products combinin
y P g solar cells and RFID in limited

silicon chip with printed circuit . Printed active Autonomous

« Antennae, large area sensors, performace applications matrix displays systems

user interfaces containng power
« Commercially applicable Embedded power source, logic
especially when large area sources (printed fuel display

required Simple component cells, solar cells)
production (e.g.

antenna, Ul boards) WT

© VTT 2007 26
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