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Internet of Things Demands!

RequirementsforFutureUbiquitousElectronics

• Ultracheap/disposable
Scalable produc on of electronic inks

• Seamlessintegra on
Printable flexible electronics

• Powermanagement
Ultra low power electronics/
Energy conversion/storage

• Efficientwirelesscommunica on
High speed electronics/
New devices for WIFI

Challenges Raised by the Internet of Things
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Smart World

Everything connected with wireless



Global wearable market forecast

Current Scenario: Smart Devices and Wi-Fi

The smart cities market size to grow from 
US$ 308.0 bn in 2018 to US$ 717.2 bn by 
2023, at a Compound Annual Growth Rate 
(CAGR) of 18.4% during the forecast 
period. In 2020, the number of 

connected devices per person 
is expected to be 6.58



The Challenges for a Better Life
The e-papers



Changes of Paradigm: Mobile Revolution!

Before ...

Today!

At the trains/Metro!



Changes of Paradigm: Mobile Revolution!

At the restaurants!

Before ...

Today!



Analog 

Digital 

Feature displays 

Smart displays 

Big Data 

Flexible 
Devices 

IoT 

Convergence 

Wearable 
Devices 

Cloud 

Touch 
Screen 

1990’s Near Future 2000’s 

The Interfaces Evolution for a Better Life



The display!

Mobile phones evolution



The Massification of Electronics

The Commodities for our Comfort 



Paper Electronics and The Sustainable Cities of the Future

Alternative 
electronics is needed 

because ... 



Clean world for better 
future

e-WASTE flow throughout the world....

@ The Economist



We dump 8 million tons of plastic into the ocean each 
year. Where does it all go?

Concentrations of plastic debris in surface waters of the global ocean. Colored circles indicate mass concentrations



The Strategy to be Followed

 Complexity:

Move from Integrated circuits to functions
 Energy

Move from single to integrated systems 
 Green Materials:

Abundant (non toxic)
materials

 Green Technologies:

Simple and low energy
processes



…and to continue this journey we need to invest our knowledge with choice in…..

Advanced 
Materials

Advanced 
Technology

Advanced 
Algorithms

Advanced 
Device 

Engineering

..but more than that our choice of vision should construct an eco-friendly society

Smart 
Green & 
Clean 

Technology

Low emission of CO2

Minimising e-waste

Low-cost and affordable 

Reusable & Recyclable Reducing of hazardous materials

Low-power consumption 
technology

Reducing environmental pollution

Flexible 



...and when a child came to road for climate 
change...we cant think anymore we must do act

We have to creat a SUSTAINABLE & GREEN 
future adopting Green Technology....

CIRCULAR ECONOMY …A different concept 
to move the planet in greener future



Re-thinking: Reducing-
Reusing-Recycling….

Idea is to SEE the world through

Sustainability-Environment-
Economy

GREEN and CLEAN technology: 

 Using more non-toxic, bio-compatable and bio-degradable materials. 

 Using low-cost and simple materials processing systems.

 Using more and more flexible and nano- technology that will minimize the 
    product size....so minimize the raw materials

 Packaging Strategy : Design new bio-degradable materials 
for packaging. Less packaging Less Garbage 

The specific vision of the research work should be to build effective 
cooperation between science and society, to materialize new smart 
technology for science and to pair scientific nobility with social awareness 
and responsibility.



MATERIALS FOR A BETTER LIFE 
MATCHING RECYCLABILITY AND SUSTAINABILITY 



Transparent
Electronics

Flexible
Electronics

Bio-sensor/
Sensor

Solar Cell/
Nano-energy

Paper
Electronics

Photonics

Oxide 
MaterialsPolymers

Dielectric 
Materials Piezoelectric/

Triboelectric Cellulose Perovskite

Memory/
Data-storage

Microfluidics

Nanoelectronics

Carbon

e-Textile/
e-Cloth

Polymer
Electronics

Silicon

Materials for a Better Future
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Roots:



TRL 8

THE BOTTLENECKS OF THE SILOS
o The road from idea to market is full of challenges and barriers.

o Independent and divergent R&D&I  paths

Health

ICT
Energy

Water

TRL 0

TRL 8

TRL 0

Now 
What?

The time of thematic areas defining-silos is over!



The importance of Seeing the 
Big Picture!



Interdisciplinary research

The Mission must be dynamic, crosscutting lines and 
has stations where we can change lines, as in a Metro 

station 

TRL 0 TRL 8Development

Energy

Health

ICT

Transdisciplinar solutions

Example:
Mobile Smart Interfaces: how to 

ensure intelligence and 
autonomy to intercommunicate 
with human interfaces (smart 
robots together with artificial 
intelligence?), for future data 

processing? 

Example:
Water: we need to control and 

ensure the right quality of 
water for all! What we need to 

do?

Example:
Environment and Sustainable 

Energy: look at energy not only as 
decentralized energy source to 

boost our development but look 
for the needs to back up our 

comfort for which integrating 
mobile platforms are the future 

driving force of our development! 

Example:
Health for all: How to ensure a 

sustainable value chain to 
guarantee the prevention and 
safety of our welfare? How to 

make quick and efficient 
diagnosis and screening? 

Example:
Food: How to ensure a 

sustainable and safe feeding 
without waste? How to assure 

the food supply for an increasing 
population? 



Major driving forces for market adoption (replacing a-Si:H or poly-Si TFTs):
- Lower cost (mat+process+fab)
- Higher speed
- Lower power consumption

- Good stability
- Excelent large-area uniformity
- Low processing T (polymer substrates)

What 
else?

 

IGZO

From materials to mass-production displays in only one decade!

CENIMAT|I3N – innovating in low-T oxide electronics

   The success story of oxide thin-film transistors (TFTs)

24

ORAMA/Holst Centre 2014

IEEE Spectrum, Vol.54, 7, 2017: Plotting a Moore's law for flexible electronics

TFT integration starts being 
compared to MOS!

• Logic with 100k TFTs per cm2

• High freq, low power
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Where we are now on transparent electronics!

E. Fortunato

How and where Transparent Electronics started in Europe!




The emergent concept of thin film circuits: it’s all about volume!

From www.pragmatic.tech

Flexible electronics: a golden opportunity for oxide TFTs



From www.pragmatic.tech

The emergent concept of thin film circuits: it’s all about volume!

Flexible electronics: a golden opportunity for oxide TFTs
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TinZinc

European Commission, 
List of critical raw 

materials for the EU 
(2017)

   The need for sustainable approaches

Materials subject to the biggest increase 
in their demand are mostly driven by 

large area electronics (LAE) applications

Oxide semiconductor = IGZO 

Sustainable alternatives
Zinc Tin Oxide (ZTO)?



   Flexible Zinc-tin oxide (ZTO) TFTs and circuits by sputtering

29

A sustainable oxide semiconductor @ 180 °C with 
performance comparable to IGZO! 

C. Fernandes et 
al, Adv. Electr. 

Mater. 2018, 
1800032

Diff. amplifier
Gain=17 dB, 
UGF=40 kHz

Performance on PEN:
• Von=-0.19±0.03 V

• On/Off=5.2x106

• S=0.26±0.02 V/dec
• µFE=4.6±0.2 cm2/Vs



   ZTO TFTs by solution processing routes
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• Heading towards printed electronics, avoids lithography costs
• Combustion synthesis for lower-T solution processing

Spin-coated ZTO
µsat=4-5 cm2/Vs

On/Off>106

S≈0.25 V/dec

But required T still 
250-350 °C

Salgueiro et al, J Phys D: Appl. 
Phys. 50 (2017)



   Oxide TFTs can also be mechanically flexible!
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Avoiding this…

250 cycles of tensile bending stress with r=1.25 mm, oxide TFTs on Kapton

Magalhães et al, MSc thesis, 
FCT-NOVA + IKTS (2018)

Flexible oxide TFTs can be taken to extreme flexibility (foldable) by placing transistors in a neutral 
strain position and/or using ultrathin substrates
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Oxide TFTs on PEN foil as x-ray direct detectors

Cramer et al., Sci. Adv. 2018;4: eaat1825
Cramer et al., Adv. Electron. Mater. 2016, 1500489

X-ray on (300 mGy)

Generation of trapped positive 
charge in the dielectric under x-
rays. Negative carriers 
accumulating in the channel 
counterbalance the trapped 
positive charges

PEN foil with 36 
ROXFETs

Variation of ROXFET drain 
current under x-rays, for 

different VG

Programmable passive RFID radiation 
sensor based on ROXFET
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Taking displays to all sorts of surfaces, including textiles
http://www.1d-neon.eu

Oxide TFTs embedded in textiles
• Flexible polymeric stripes as 

substrates, under migration to 
extruded polymeric fibres

• Similar electrical performance 
to conventional oxide TFTs

Applications:

Oxide TFTs for electronic textiles
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• Active matrix backplanes for Augmented-Reality displays (>1200 PPI)
• Exploring the resolution limits of current large area lithography tools
• 14 layer process, T<180 °C

Ultra-high resolution displays

• Several digital and analog circuits fabricated with 
oxide TFT technology to enable full system-on-foil 
(e.g., gate/data drivers, signal processing…)

Circuit blocks for system-on-foil

• Inverter, NAND, NOR, 
XOR rail-to-rail logic gates

• Current mirrors
• Adder-subtractors, 

multipliers
• Amplifiers (current, 

voltage, transimpedance)
• RF rectifiers
• Clock-generators
• C-V converters
• Comparators

Oxide TFTs for next generation displays

Check papers Barquinha et 
al. @ IEEE EDL, JDT, JEDS… 
2013 onwards
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It seems hard to have a breakthrough in oxide electronics

• TFT performance essentially established and good enough for many low-cost applications

• Sustainable materials and processes available and being optimized

• Flexibility achievable with proper device stack engineering

• Lack of good p-type oxide semiconductor, but nMOS might be good enough

• Integration capability demonstrated, at least for small IC complexity

Can we think bigger than this?



- Replace conventional oxide thin 
films by random networks of NWs

- Future TCOs and ASOs
Ordered arrays of oxide 
semiconductor NWs for 

ultimate oxide nanoscale 
performance

Eco-Sustainability and Speed: scientific/technological challenges

New materials and 
processes for conventional 

thin film technology

- Indium-free semic.
- Hybrid dielectrics…
- Solution processing

Process and device simulation + novel circuit design
for high performance/ultra low power consumption

What?

How?

- Spin-coating or printing of NW solution in 
sub µm-scale devices.

- Grids/meshs of metallic NWs

- Transfer and direct grow methods
- Aligned and ordered arrays using 

NIL seed layers

OXIDES: Problems to Solve

Substitution and Response Speed



Getting inspiration from electronic’s evolution:
Going smaller, faster and multifunctional

1st electronic computer: 
ENIAC (Electronic Numerical Integrator 

And Computer), 1945

>30 tons, 19000 vacuum tubes, 1500 relays, 
100k+ R, C, X, power consumption ~200 kW

Qualcomm Snapdragon 835 
processor for smartphones (2017)

3 billion FinFETs, 10 nm tech, 8 cores, 2.45 
GHz, power consumption ~ mW, truly 
multifunctional (CPU, GPU, Memory, 

Wireless...)

Transistors
1947 (Shockley, 

Bardeen and Brattain, 

Bell Labs)

Miniaturization



   Can we do it with oxides and reshape Moore’s law?

Exponential growth in transistor count cannot continue, but from the consumer perspective 

“Moore's law simply states that user value doubles every two years”.
In that form, the law will continue as long as the industry can add new functionality to its devices

TREND



A transparent and flexible substrate offering addressing, sensing, readout, 
processing and even energy harvesting capabilities, conformable to any 

shape, based on sustainable materials and processes.

Self-powered multifunctional, high-speed transparent 
circuits on large area foils. The goal of TREND

   Smart surfaces for all objects!

TREND



   ZnO NW synthesis is well established today

VLS provides high-quality NW, but T≈1000 °C
Yang et al., Adv. Funct. Mater. 12 (2002)



The MISSION  concept should be aligned with  the Transdiciplinary concept: it is here the key 
role of Materials science

MISSION FOR THE FUTURE



Example of how to exploit the existing basis for a Mission: 
The strong Inter/Trans-disciplinary of Nanoscience, 
Chemistry, Physics, Electronics  & Nanotechnology

1955

2012

Ye
ar

s

Teresa M-É, et al. J. Nanoparticle Research

80 most-cited works throughout 2000–2013 in nanoscience and nanotechnology.



THE FUTURE: Establishment of MISSIONS

• How we will communicate and establish real channels among 
Fields/Areas to address the Challenges of our Mission? 

• What can be done to avoid that novel ideas and innovative results get 
diffused and eventually faint in a maze of dazzling opportunities?

Source: thethINKingCanvas.com



Paper Electronics and The Sustainable Cities of the Future

“Someday soon you may be able to buy a pad of operating 
electronic circuits just the way you now buy a pad of paper. 

On its pages will be printed amplifiers, radio receivers, 
computer circuitry, oscillators—anything you can name. 

They’ll be so inexpensive you’ll be able to tear them out, use 
them, and junk them.”

1968

One of the first attempts of PE was 
suggested by Brody and Page at 
Westinghouse, when they used a 

stenciling
method to produce inorganic thin-film 

transistors on paper for flexible circuits.





An example how a mission can be established: The 
Paper Electronics



Responsibilities

1. Options for anticipating the social 
impact of R&D : idea of science for 
society or research on behalf of the 
people. 

2. Research goals by ethical standards: For 
instance - realign the drug industry's interests with 
patient interests and analyze efforts to bring ethical 
standards to globalized food industry. Medical 
technology is another field in which moral demands 
feature prominently. 

Source: https://meganbeech.wordpress.com/tag/social-impact/



3. Institutional frameworks of 
responsible science: shifted from 
considerations of individual 
scientists to suitably designed 
institutions on team work based

4. Epistemic responsibility and critical 
thinking: manifest in the combat against 
fraud and bias in research 

Könneker, C.; Lugger, B. "Public Science 2.0 – Back to the Future". Science (2013)

http://science.sciencemag.org/content/342/6154/49


5. Space for suggestions and responses from working scientists: 
reactions from the laboratory benches provide an important test 
bed for judging the viability of recommendations from the 
reflecting disciplines

Source: https://mind-mint.org/articles/research/why-it-matters

Science isn’t 
finished until it is 

communicated

Sir Mark Walport,
U.K. Government Chief 

Scientific Advisor





AlmaScience 

New 
Knowledge

New 
Products

New Jobs

The First European Paper Electronics  Initiative 
Involving Region, Industry and RTOs

CORE PARTNERS

Industrial
Industrial

Scientific Literacy
Scientific Literacy

Scientific and Technological
Scientific and Technological

https://www.european-mrs.com/news/news-events

We are Hiring 30 MSC and PhD
+ DIRECTOR for!



Scope, Strategy and Impact for Paper Electronics: 
Multi-sectorial targets



“If you want to go fast, go alone. 
If you want to go far, go together”



Acknowledgments – Current Projects

4X



Metal Oxide Series Book

 Hybrid structured metal oxides and their 
promising use in the next generation of 
electronic devices

 Synthesis, design and properties of metal 
oxide nanostructures

 In-depth overview of novel applications, 
including chromogenics, electronics and 
energy

https://www.elsevier.com/books/metal-oxide-nanostructures/nunes/978-0-12-811512-1

Editor: Ghenadii Korotcenkov 



PAPER ELECTRONICS RELATED BOOKS
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