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This talk is about a journey...

...a journey toward a promised land

The land of portable electronics



The promised land

This is the land of wireless micro-sensors that continuously and
ubiquitously measure, process and transmit data to improve our living.

This is the long-time announced revolution where the cities become
smart and the human and animal health is monitored and controlled.



The promised land

dust particle

computer

The land where computers are as small as dust particles

and more powerful than the human brain



The promised land

Why are we not there yet?



The promised land

But, as in any promised land.... There is a desert to cross

In our case the desert is the distance between the energy required and
the energy available to power the portable electronics



HP desktop
HP laptop
Bicycle lighting
GSM
PALM, MP3
Transceiver Bluetooth
Miniature FM Receiver
Hearing aid
RFID Tag
Electronic watch

or calculator
32 KHz quartz oscillator,

Standby

Source: IDTechEx, “Energy Harvesting and Storage 2009-2019”, Cambridge 2009. EH:
Energy Harvesting; WSN: Wireless Sensors Network



Power Trends for Digital Signal Processing
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In recent years we have made progresses but.... There is still some room for improvement
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We need to bridge the gap by acting on both arrows




Questions:

What is the best technology for energy harvesting ?

How can we improve efficiency in energy transformation ?

How do the system scale when we go to micro and nano scale ?

Few things that | know...
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Significant progresses in recent years in photo-voltaic, thermoelectric and
kinetic.

In kinetic EH introduction of non-linear oscillators allowed for improved
efficiency for broad band vibration harvesting
X . , k endi
PRL 102, 080601 (2009) PHYSICAL REVIEW LETTERS 27 FEBRUARY 2009

Nonlinear Energy Harvesting
E. Cottone.™ H. Vocca, and L. Gammaitoni'

NiPS Laboratory, Dipartimento di Fisica, Universita di Perugia, and Instituto Nazionale di Fisica Nucleare,
Sezione di Perugia, I-06100 Perugia, Italy
(Received 18 September 2008; published 23 February 2009)

Plus some patents:

IT RM 2007A00079, Generatore piezoelettrico bistabile - 15/2/2007.
PCT/IT2008/000081 - “Bistable piezoelectric generator.” 2008.
WO0/2008/099437 - “Bistable piezoelectric generator.” 2008.

US2010207491 (A1) “Bistable piezoelectric generator.” 2008 "



Video available at: www.wisepower.it



RealVibrations

It is very important that we can characterize the spectral features of the vibration we want
to harvest...

Vibration sources digital library

This Task is devoted to the realization of database containing digital time series and spectral
representations of experimentally acquired vibration signals.
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‘Welcome to the Real Vibrations web site. here’s a vibrating world around us

This web site is home to a digital database containing numerical time series and

% Researchitaly [ 1BLog pid lewti | ... /5 ASN | Abilitazion IUR - loginmiu... Portal ) ROARS - Return ... [Jl] ResearcheriD Ga.:

Username: * spectral representations of experimentally acquired vibration signals.
Most importantly, Real Vibrations is a participatory research project that aims at
creating the world largest repository of vibrations recorded from everyday life objects

Password: * and people movements.
Cars, trains, airplanes, and even human beings, constantly vibrate and these
vibrations can be recorded with various devices and stored in such a way that they are

Log in readily available and easily usable both by researchers and non expert visitors.
Create new account ‘What are these data for?

Request new password
A database of vibration data is a map of the moving world. To many this is of no meaning and little use. To us this is a map of potentially useful

energy. In fact vibrations can be efficiently transformed in electrical energy that can be employed to power electronic devices such as wireless

. .
.
sensors:a way 1o improve the mkrosleckronio word and meka a bter use of anergy Si gna | presentation:
In a near future we believe that this micro-generators that transform vibrations into electric energy will be able to integrate and/or substitute the
existing batteries for a better and healthier planet. ° D M .
escription
If you are a scientist or a professional in the energy world, please contact the NiPS Laboratory at the Department of Physics, University of
y P ay y P ly: ly °
Perugia in order to become a professional partner of the Real Vibrations project.

If you are a student and/or a volunteer you can still contribute to this project simply by acquiring vibration data with your smartphone and
uploading them to the database.

 Statistical data

Nanopower

O ————— * Time series download (authorized users)
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How to take part in the project ?

realvibrations.nipslab.org



New App for contributing to the database

App Store - RealVibrations

< & | 2| | [ itunes.apple.com ¢
E-Learning Space Senato  Ufficio Stam...- Quotidiani Jobs and Vac...y of Oxford Job Opportu... Cambridge Nature Twitter / Home ~Manuscript LL13008 EMEX - Exper..nt External 3>

ad

Store Mac od ho Support

ITU neS PreVIeW What's New What is iTunes What's on iTunes iTunes Charts How To

RealVibrations View More By This Developer

By Wisepower

Open iTunes to buy and download apps.

Description

With this applicatior ired with your device

e (http://realvibrations.nipslab.org

The accele

provided by NiPS Laboratory as p cale energy management for powering ICT devices)

RealVibrations Support » More
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Questions:

What is the best technology for energy harvesting ?

How can we improve efficiency in energy transformation ?

How do the system scale when we go to micro and nano scale ?

Key issue: e nd nanoscale
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Questions:

How much can we decrease the energy consumption ?
Is there any limit to the minimum energy required ?
What is the future technology (beyond CMOQOS) ?
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The problem with ENERGY EFFICIENCY in present ICT

Energy efficiency in
computing systems has
become a major issue for
the future of ICT

Cooler running

In general the faster a microprocessor runs, the more heat it generates. In the past five years, the speed of chips
has been limited by the need to keep them cool and so stop thermal noise from affecting performance

1989 Intel 80486
1993 Pentium
1997 Pentium I
1998 Intel Celeron
1999 Pentium Il
1999 AMD Athlon
2000 Pentium 4
2004 Celeron D
2004 Pentium 4
2005 Pentium D
2007 AMD Phenom
2008 Intel Core 2
2009 Intel Corei7
2009 AMD Phenom Il

Power dissipation (watts)
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ICT - Energy
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Research directions and challenges in nanoelectronics .
R. K. Cavin1, V. V. Zhirnov, D. J. C. Herr1, Alba Avila and J. Hutchby, 2006 Electronics Beyond Nano-scale CMOS, Shekhar Borkar



Energy inpact of ICT is under discussion

It will be a clear future priority world wide to decrease mankind’s carbon footprint.

According to the SMART2020 study, the share of ICT on the world wide energy consumption
today is in the range of 2-5%.

Fig. 1 ICT impact: The global footprint and the

Hence, it becomes more and enabling effect
GtCO,e Emissions

more important to consider and ICT footprint
improve the energy efficiency of Selected ICT-enabled
abatements
ICT. Other abatementst
On the short term, it will be an £00e
obvious and practical solution to 2020
exploit better the potential of BAU
. . H =7H Five times
technologies that already exist or Abatements T e
are currently in the making. On 2020 with :
the long term, new and abatements
disruptive ideas will be needed,
and we mUSt Sta rt tO sea rCh for ;g?fgeé:glopzl:}a?;ieﬁgn(i:f:«'reeritEilctlieon'?&;Vieig?np?h‘zel\l;iz(li)ringge;;atement cost curve and from estimates in this study. Source: Enkvist P, T.

. Naucler and J. Rosander (2007), ‘A Cost Curve for Greenhouse Gas Reduction’, The McKinsey Quarterly, Number 1.
those ideas already now.

http://cordis.europa.eu/fp7/ict/fet-proactive/docs/shapefetip-wp2011-12-10_en.pdf



Questions:

How much can we decrease the energy consumption ?
Is there any limit to the minimum energy required ?
What is the future technology (beyond CMOS) ?

oscale
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Key issue: energy transformation at micro and nanoscale

Key issue: energy dissipation at micro and nanoscale

They both sits on a common scientific ground:

Micro and nano scale energy management

Questions like:

-How does electric energy get converted into heat at nanoscale
-How can we find an information transport solution that does not add to dissipation
-How can we harvest thermal vibrations to power nanoscale devices

Could be asked and answered within this framwork.

In order to better contestualize the issue let’s focus on a scheme for ICT devices...
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An ICT device is a machine that inputs information and energy (under the form of work),
processes both and outputs information and energy (mostly under the form of heat).

Inf. Processing properties

Energy (work)

Information

Heat sink

Dissipative properties

Energy efficiency is usually defined as the percentage of energy input to a device that is
consumed in useful work and not wasted as useless heat,

22



Energy efficiency / Dissipative properties

Presently:

the main effort is aimed at cooling down the heat produced during computation with
specific attention to the charge transport on one hand and on the other hand on
reducing the voltage operating levels up to the point of not compromising the error rate
due to voltage fluctuations.

We propose:

to address the problem at a very fundamental level:

- what are the basic mechanisms behind the heat production?

- How can we take advantage of the fluctuations instead of avoiding them?

- How the physics of the heat and charge transport can be merged with the phonon
engineering in order to advance the computing tasks?

It is not simply an incremental progress toward the reduction of heat production in room
temperature conductors or new technology beyond CMOS.

It is a new, visionary approach that challenges the very basic foundation of
thermodynamics. We propose to understand the dissipative mechanisms at nanoscale
with the aim at setting the bases for a new thermodynamics of ICT devices.



ON A BROADER PERSPECTIVE

The well-known laws of heat and work transformation that lie at the base of the

classical thermodynamics are going to need a rethinking. The very basic mechanism

behind energy dissipation requires a new definition when non-equilibrium processes
involving only few degrees of freedom are considered.

Industrial Revolution

ICT Revolution
XVIHI-XIX

XX-XXI

Fluctuation-Dissipation
relations

relations

Information is physical !!!

CHALLENGE:

the description of energy transformation processes at the nanoscale aimed at
unveiling new mechanisms for powering next generations of ICT devices.



This is part of an ongoing effort at European level

- Jan 2008, Brussels. Expert Consultation on “"Molecular-scale Information
Systems”

- July 2009, Call FP7-ICT-2009-5 - ICT 2009.8.6 Towards Zero-Power ICT

- Feb 2010, Brussels. Consultation workshop on "Disruptive Solutions for Energy
Efficient ICT"

- Aug.1st 2010 three project started (SiNAPS, GREEN SILICON, NANOPOWER)
- Jan 15t 2011 ZEROPOWER C.A. started

- 26 July 2011 FP7 CALL 8, ICT 9.8 FET Proactive: Minimising Energy
Consumption of Computing to the Limit (MINECC)

- 12 Oct 2011 FET Proactive Information Day (MINECC) - Brussels
- 12 June 2012 MINECC Project coordination meeting — Brussels
- 1 Sept 2012 Starting of the 7 MINEC funded projects (Landauer, ...)
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Networking activity

ZEROPOWER is aimed at creating a coordination activity among consortia involved in “Toward Zero-Power ICT”
research projects (FET proactive call FP7-1CT-2009-5, Objective 8.6) and communities of scientists interested in
energy harvesting and low power, energy efficient ICT.

NiPS Laboratory, Universita degli Studi di Perugia, Italy
Julius-Maximilians Universitat Wirzburg, Wirzburg, Germany
Valtion Teknillinen Tutkimuskeskus, VTT, Espoo, Finland

Catalan Institute of Nanotechnology, Bellaterra (Barcelona), Spain
Université de Genéve, Genéve, Switzerland

Universita degli Studi di Camerino, Camerino, Italy

Tyndall National Institute, University College Cork, Ireland

_ Institut fir Photonische Technologien E.V., Jena, Germany

- Ecole Polytechnique Fédérale de Lausanne, Switzerland
Imperial College of Science, Technology and Medicine, London, U.K.
Aquamarijn Research B.V., Zutphen, The Netherlands

GREEN Silicon School of Engineering, University of Glasgow, U.K.
L-NESS, Politecnico di Milano, Como, ltaly
Institute for Semiconductor and Solid State Physics, Universitaet Linz, Austria
Electron Microscopy, ETH Zirich, Switzerland



Educational activities

Summer School and

2 O 1 O |5 International Worksho P 2 O 1 1 Summer School "Energy Harvesting at micro and nanoscale"

Workshop "Energy management at micro and nanoscale”
Perugia (IT), Aug. 1-6, 2011

e i
Energy Harvesting atamicro and nanoscale
Noise in dynamical systems at the micro and nanoscale

i
N 1 P S Laboratory m La Tenuta dei Ciclamini
Noise in Physical Systems 1T Avigliano Umbro (TR) - Italy

2012 Summer School - 23-27 July 2012, Erice (Sicily)

“ETTORE MAJORANA FOUNDATION AND
: CENTRE FOR SCIENTIFIC CULTURE

T PAY A PERMANENT T'RIBUTE TO GALILEQO GALILELI FOUNDER OF MQDERN SCIENCE
AND TO ENRICO FERMI. "THE ITALIAN NAVIGATOR", FATHER OF THE WEAK FORCES

2013 Summer School "Energy management at micro and nanoscales"
Perugia (IT), July 8-10, 2013

www.nipslab.org/summerschool




A new devoted web site has been realized NAN@ENER@Y

and opened at
www.nanoenergyletters.eu. —

Stay informed on our latest
news!

Welcome

J| NANOENERGY LETTERS is a newsletter created in order to help the circulation of news
and thoughts about micro and nano energies.

E-mail * . !
But... what are micro and nano energies?
‘With these terms we intend to address the many different tiny energies present in micro and
ST nanoscale physical systems. The role of micro-energies, indeed is more and more frequently

evoked in fields as diverse as ] science, micro-robotics, wireless
telecommunications and it is believed that in general they could play a role in powering the future
generations of Information and Communication Technology (ICT) devices. In this newsletter we would

In the last two issues we have started a Specia| 5] like to discuss about these energies, about their role and potential applications together with the

physical dation of this discipline. This 1 is open to the contribution of all the interested

SeSSiOn devoted to the pu inCatiOn Of Original readers and is specially aimed at reaching those readers involved in industry and innovative SMEs as an

humble attempt to bridge the gap between Academia and Industry.

Previous issues

Please feel free to send us your comments and/or contribution for future issues, by addressing a

scientific papers. Instruction for submission mesag : nanoenrgltes@nipdabors
H H . Nanoenergy Letters acknowledges the financial support of the Future and Emerging Technologies (FET)
p ro Ce d U re I S ava I I a b I e at . programme within the ICT theme of the Seventh Framework Programme for Research of the European

http://www.nanoenergyletters.eu/submission s

NANOENERGY]

ANOENERGY]

R S

The last issue has been distributed to
more than 800 subscribers

issue N. 4 (Jul. 2012) issue N.5 (Jan. 2013) 29



ZEROPOWER Research Agenda

A research agenda for “ICT-Energy” roadmapping,
including strategic objectives, identification of
research drivers and measures for assessment. = mjm;;;;jﬂ_ -

cheaper
‘healihcare seasors also bave the potantial to my mmmmm -u.dynu
mu...a m&hmmmﬁ'mmmmvhmm

A first draft of the ZEROPOWER Research Agenda
has been made publicly available via deliverable D3.1 e

Potential Impact, Markets.

Available on www.zero-power.eu



WWw.zero-power.eu

ZERGPOWER

HOME

Towards Mission Events Scientific News
Zero Power ICT & Partners & Meetings Publications & Newsletter

Energy from the Microworld

Communicating Zero Energy Culture

ZeroEnergy technologies
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NANOENERGYZ01 2

www.nanoenergy2013.eu

Important dates

¢ Paper Submission -
April 1, 2013

e Notification of
Acceptance - April 15,
2013

+ Early Registration -
May1, 2013

¢ Final registration -
June1 2013

¢ Conference Dates - July
10-13 2013

Latest News
International Conference July 10-13, 2013 — Perugia (IT)
The first International Conference on Nanoenergy will be held in Perugia, Italy during July 10-13 2013.

NiR§ l:abosutory @
www.nanoenergy2013.eu

You are invited to participate and send students/researchers to the summer school
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