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« The beginning of writing... Bronze Era (end of
the IV millennia a. C.- 3100 a.C), simultaneously
In Mesopotamia and Egypt.

 The beginning of History, through written
registers.
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e The first alphabet: around 2000 aC, as
adaptation of the Egyptian hieroglyphs.
Example for the rest. Simplification of writing.
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Johannes Gutenberg ca. 1398-1468

The printing press (approx. 1450 b.C.):
One of the most important
Inventions in history

30000 books in Europe

to...

10 to 12 million by 1500

(for approx. 60 million population)
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* The first additive manufacturing system
appeared in the 1980s

* In the early 1980s, Dr. Hideo Kodama.

* In 1984, Charles Hull developed the
material Stereolithography Apparatus
known as SLA. He went on to establish
the first 3D printing company in 1986.
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GRAND VIEW RESEARCH

North America Additive Manufacturing Market
size, by technology, 2020 - 2030 (USD Billion)

19.4%

N.A. Market CAGR,

$3.1B . l . . 2022 -2030
$2.6B
“T 1)

N

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
@ Stereolithography Fuse Deposition Modeling Selective Laser Sintering

@ Laser Metal Deposition

Digital Light Processing @ Others
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Printing technologies are strongly evolving due to...
» The variety of materials that can be printed
» Flexibility of developing different kind of objects or patterns

» Simple fabrication and/or integration into devices

One of the most interesting areas are flexible printed electronics
v'Low cost functional flexible sensors

v Communication devices

v'Wearable smart systems

Can be produced in large areas, conformable
shapes in mass production
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Printed Electronics

... Is (mainly) based on soluble polymers or metallic
nano-material based powders that become fluid in
special solvents and can be transformed into
printable inks.

Components & technologies
Involved:

+ Materials (inks/pastes):

— conductor

— semiconductor
' — dielectric

— resistive

— functional...

v
¢ Printing technologies

¢+ Substrates: flexible plastic film or paper, glass
or wherever the functional solutions can be

printed. . Source
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Technology benefits & drawbacks

Printed & Organic electronics

Silicon-based electronics

Low mobility (10-3-5 cm?2/V-s)

Low performance & low speed (range of
KHz)

Low degree of integration (103 FETs /
cm?)

Simple fabrication

Very flexible interfaces to environment

Low fabrication costs

Typical applications:

Large areas, low-end, single-use &

disposable products

r Printing process )
*Frint [
|_____-_|

@ Bake

v (W)

High mobility (~1000 cm?2/V-s)

High p

erformance (speed, power)

High degree of integration (108 FETs / cm?)

Sophisticated fabrication

Complex chip/environment interfaces

High fabrication costs

Typica

I applications:

high-e

— ¥
o

nd; usage over a long period

sssssssss

| Steps
Cost
| Materials
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Electronics by mass printing

1947 first 1958 first 2005 a billion of
transistor transitors on a wafer

mass printing of
electronics 1s on

a good track
towards its first
applications.

logic devices are
under development

2003 first organic
transistor with

mass printing ‘ .
techniques at 2005 first organic

pmTUC circuit with mass
printing techniques
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Systems & components

1 2 3 4 5 6
Time (ms)

Organic 5-stages oscillator. Sunchon University 8-bit organic processor @ 8Hz

T&R, Singapore (2012) 16-bit 13.56 MHz RFID tag IMEC (2011)- lytho
gravure R2R, 20m/min

.

m——g————
" Q
TFT
oPP | o\%g\ﬁ

969 " o ren

S\
37 10 FPS

Image sensor
IMEC, Holst Center,

ISORG and Plastic Logics
(7n1 7)

Rollable OLEDs
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On-going revolutions and needs:

-Green deal
(Materials, processes,
Energy)

-Biomedicine

-Digitalization
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The Context

On-going revolutions and needs:

-Biomedicine

-Digitalization

-Green deal
(Materials, processes,
Energy)




* First report on networking J. C. R.
Licklider (MIT) 1962 Galactic Network

concept

* Practical implementations in the 80”s and
the 90°s.

 In the 90" s introduction of the World Wide
Web (WWW).

15


https://es.wikipedia.org/wiki/Joseph_Carl_Robnett_Licklider
https://es.wikipedia.org/wiki/World_Wide_Web
https://es.wikipedia.org/wiki/World_Wide_Web
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1984 1000 interconnected computers.

1987 10000 interconnected computers

1989 100000 interconnected computers

1991 Public introductoin of the la World Wide Web

1992 1 million interconnected computers
1996 10 million interconnected computers

1998 Google is born
2001 Wikipedia.

2004 Facebook.

2005 1000 millions users

16



ast Industrial
Revolution

Introduction of mechanical
production facilities supported by
water and steam power

2nd Industrial
Revolution

Mass production fuels the 2nd
industrial revolution with the he
of electrical power

(] 5G
=]
1G 2G 3G 4G
14.4 Kbps 14.4 Kbps 3.1 Mbps 100-300 Mbps 11010 Gbps
[0 e, (0}
800 ms 400 ms 200 ms 10ms
1980s 1990s 2000s - 2010s 2020s
Analog Voice Digital Voice Mobile Broadband  Faste Interconnected
Human-to-Human Low-Speed Data High-Speed Data Devices, Sensors,
Earty Mobile Phones Voice and Some Text Intemet Access and Systems

For Consumers,
Governments, and Businesss

BILLIONS OF DEVICES

3rd Industrial

Revolution

Combining IT and electronics
allows for further automation of
the production process

4th Industrial
Revolution

The connected enterprise leads to
the 4th industrial revolution.
Connecting production facilities
with the internet of things.

THE INTERNET OF THINGS

AN EXPLOSION OF CONNECTED POSSIBILITY

HABLLN

2012
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THE INTERNET OF THINGS

i Home
Chore automation
Vehicles and security
Autonomous vehicles and $200B-350B
condition-based maintenance A
$210B-740B E
*®,
— - ) ﬂ .
.
. .
9 settings
Cities gave us a cross-sector view
Public health of a total potential impact of
and transportation $3.9 trillion-11.1 trillion
$930B-1.7T per year in 2025

I]]]]] L] t.
A

P

Offices
Security and
energy
$70B-150B

Sensors

Factories
Operations and

equipment optimization

$1.2T-3.7T

»
Outside [ Retail environments
Logistics and navigation -))) Automated checkout
$560B-850B ] NAALS $410B-1.2T
Human Worksites
Health and Operations optimization/
fitness health and safety
$170B-1.6T $160B-930B

Actuators
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Industry and society

Agricultural
society

Hunter-gatherer
society

Society 1.0

“The future’s already here.
It's just not evenly distributed
yet.”

William Gibson (1948)

Society 2.0

Industry 1.0
Industry 2.0

Super smart
society

Information
society

[ ]

.-
N

Loty
| ©° ®
W \__"-\ )

' ity 3.0 Society 4.0 Society 5.0

—

© ey

L
.
L v‘_

Industrial
society

Industry 3.0
Industry 4.0
Industry 5.0
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Four messages

Materials

Time

Sustainability
Printability - Information
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REFUSE

Sustainable digitalization

[Digitalization ]

Interactive Efficient BN cconomy

....new materials......
for a better life!

Sustainable l Green deal ]
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U.S. Functional Printing Market Size, 2022-2032 (USD Billion)

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Source: wanw, prminsights.com

Market analisis report. Report ID: 978-1-68038-180-1
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Global Functional Printing Market Size, By Technology, 2022-2032 (USD Billion)

2022 2023 2024 2025 2026 2007 2028 2029 2030 2031 2032

B Inkjet Printing M Screen Printing M Flexographic Printing ™ Gravure Printing  ® Others

Source; waawgminsights,com
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Functional Printing Market

04

Key Players
HP Development EnfucellOy
Company, L.P. GSI Technologies LLC
Haiku Tech Isorg
Avery Dennison Mark Andy Inc.
Corporation Nanosolar Inc.
BASF SE Novaled AG
Blue Spark Technologies Optomec Inc.
Display Corporation Toppan Forms Co. Ltd
2022 2029 E Ink Holdings Inc. Toyo Ink Sc Holding Co.
Market Size in US$ Billion Eastman Kodak Company Vorbeck Materials
Regional Analysis in 2022 (%) Technology Segment Overview

® North America —
2020 T D

= Europe 202y T

m Asia Pacific 2024 —

. 02 TR
© Middle East &
Africa ¥ Inkjet printing ® Screen printing
m South America ¥ Gravure printing “ Flexography
H Others
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