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DuUoIKaA AVTIKEIpNEVO TEXVNTA AVTIKEIMEVA
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Nanotechnologies

Navo-avrikeipeva®

. Eva vavo-avrikeipevo (Nano-object) gival éva UAIK6 pe 1,2 R 3
ECWTEPIKEG OINOTACEIG MIKPOTEPEG TWV 100Nm.

« 20v10mg BempoE 3 SLOLPOPETIKEC KATIYOPIPEC !
- 0D : 3 vavoueTpIKEG dlaoTaoElC => NavoowpaTidla.
- 1D : 2 vavouETPIKEG DIAOTACEIG, 1 ueyaAn => NavoouppaTa

- 2D : 1 vavoueTpikn dilactaon, 2 JeYAAEG => Navo@iAl

Researchers’ Night 2012
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Nanosciences (V)

. Study of the performance of ultra-small structures, materials, and devices,
usually from 1 to 100 nm where the properties are specific of the ultra-small size
(different from the bulk). It concerns also, the study of manipulating materials on

an atomic or molecular scale.

Nanotechnologies )

. Technologies allowing the elaboration, study, observation and measurements of
such objects, structures and systems. It concerns also the field of nanoscience

applications.

(1) ISO/TR 12885:2008

Researchers’ Night 2012
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History

Richard Feynman
Tiny Machines

. 1959 : Richard FEYNMAN (Physics Nobel Price in1965)

Al

“There's plenty of room
at the bottom."

The Feynman Lecture
on Nanotechnology

=> Nanoscience first captured the world's attention when Nobel Prize winner Richard

Feynman delivered his famous 1959 speech "There's Plenty of Room at the Bottom."
Feynman advocated widespread nanoscale research and predicted, there is plenty of
research room at the bottom of the atomic world in a tiny universe so small that new

methods for viewing it are still being discovered.

Researchers’ Night 2012
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History

. 1981 : Birth of the tunelling microscopy => Atom observation

. 1982 : First images of individual atoms ! => Heinrich Rohrer
&Gerd Binnig (IBM)

. 1989 : First atom handling one by one

YL
>
»

»
>

=> Donald M. Eigler used a tunnelling microscope to A5
« IBM » using 35 argon atoms.

. 1991 : Discovery of Carbon Nano-Tubes (CTN)

=>Sumio lijima

Nanotechnologies



Nanotechnologies

Antnynon tnhc Navotexvoloylac

v’ Texvoloyla tnc MAnpodopioc

* Tayutepa KoL ULKPOTEPNC KATAVAAWONC
NAEKTPOVIKA

* AcuUppatol atodntnpec mavtou !

v ALlOTAEELC CUYKOLONC EVEPYELOC TTOO TO
nepLPairiov

v NowvoLlatpLkr

Researchers’ Night 2012
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HAektpovika P Szt 158ty e -
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MNaoco aAAaée n nAsktpovikn o€ 40 ypovia !
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Moore’s law

-
]

—
-]

Number of stars 1n our] galaxy
L I

=
L L B O B L I EEEE R NN N EEREE N NNNNENNHN.

e ot

% DRAM 32Gb Flash —a-

D 10 e oo hed ]
10 .

” World >—a—e PO Lon

) 2 |esececedessescslolesccegioporcstosdanane

| -

2 .

D Microprocessor

c 10°

o f’f

—

1995 2000 2005 2010 2015 2020
Year

Av n autokwvntoflopnxavia eixe akoAovOnoeL Eva MapPOOoLo VOO pia
Rolls-Royce Ba kootile Atyotepo amnod Eva Evpw !

Researchers’ Night 2012
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“2 Gates™ ‘

Ertoxr) tou Mupttiou ~

“1 Gate”

Nanotechnologies

Feature Size Gals
1 ﬂﬂ}l —‘— Source Drain \
Integrated Circuit BOX . il o
10n ’}smr}' S S
In L =
0.25n in 1997
0.1n -4~ ~ ~
_______ L
Transition Region ~
100A 4 2 | |~
I Ty
Quantum Devices | ~ ~
10A ! I <
Atomic Dimensions | | )
14 —t—t—t—t—t—t+—+
1960 1980 2000 2020 2040
Year

Projection of critical device dimensions

Researchers’ Night 2012
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Enoxn tou MNupttiov

Elements used in Silicon Chip Fabrication

_llr I.-.d:--
2 | Li|Be
w:-.l ==

HgCdTe

Chalmggarlidu fuses 1 980'5

Excimar [ithao
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2000's
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* | K|ca
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Al SETET R S A
Sc| Ti| VI|[CriMnl Fe|Co|[Ni|CulZn|Gal Gel As|Sel Br|Kr
Y| Zr|Nb|Mo| Tc|Ru Rh|Pd|/Ag|/Cd| In | Sn|Sb|Tel I |Xe

La

Ta| W |Re| Os| Ir | Pt

At

Source: INTEL

Ce| Pr|Nd|Pm|Sm| Eu| Gd| Tb| Dy| Ho| Er| Tm| Yb| Lu
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Binary switch

MOSFET

[} | (1 1
TR W T RN R W T W — N —

Incompressible

| off

60mV/dec swing

Drain Current, | . (A/pm)

Subthreshold Leakage
Watts) =
= =1 E‘

=
-

E:£3(:].E|tt=:

025w 0.18u 0.13u S0nm B5nm 45nm
Technalogy

0,3, 06, 09
Voltage, V. (V

Quasi-ideal
lon
h
_C} D
'---.; G
— S

- 2 stable states (off, on).
- lon: as high as possible.
- loff: as low as possible.
- lon/loff > 10°.

- zero swing (mV/dec).

- very fast (<ns).

Researchers’ Night 2012
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MPOOMTIKEC TNG VOLVO-NAEKTPOVIKAC HEXPL TO 2030

* H épeuva pe Baon to mupitio ya dStatadels -
MeyEOBouc 5 nm Ba cuveXLoBei ko Oa Gate
oAokAnpwOEL

* MOBavov to UALKG Tou KavaAlol va aroteAeitol
OTtO UALKO HeyaAUTEPNG EVKLVNOLOG OTLO TO
TLUPLTLO yLa HEYAAUTEPN TAXUTNTO TWV
KUKAWMATWYV Kol UKPOTEPN NAEKTPLKA
KotavaAwon.

H Baowkn texvoloyia Kataokevnc Oa napapeivel n idta ko n
gpyootaoctakn emévéuon Oa peyalwoel (onpepa eivat ota 1,5 Ao.)

Researchers’ Night 2012



Nanotechnologies

MPOOMTIKEC TNG VOLVO-NAEKTPOVIKAG HEXPL TO 2030

* TplodLdota NAEKTPOVIKA Oa Artsrma
evowpatwvouv dtadpopetikec Yndideg g ot
F

eninedng texvoloyiag yia eAayiotonoinon Jasaoant

’ g Frocessing Link
TOU OYKOU. -

- == Carmer Funclicn

PO B ana gy
’ ’ Himer SIGRRgs
* AcUPLOTOL LILKPO KOL VOVOOLoOONTAPEC HE ‘ ery S
&0, vibeahion, sokad

vPnAn evacOnoia Oa petadpépouv

dedopéva yia to mepfaiAov aAAd Kat Tov Networks of
avOpwnivo opyaviopo kat 6a Bonbouv thv Micrnsystems
KoOnpePLVOTNTA paG.

* To ypadéEvio, Ta 0pyaviKA NAEKTPOVLIKA, T
vavokaAwdia, ta vavoowpatidia Oa
BonOnoouv otnv e£€ALEN NAEKTPOVLKWYV OE
gUKOUNTEG eENMLPAVELEC (POUXA, OVTIKELEVQL)
Ko Tnv dnpovpyia tov internet of things.

Researchers’ Night 2012
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Mpoomntikég HExpL to 2050

* H yxpnon popiwv o€ avikataotaon Tou
tpaviiotop (6Lakontn) i yra arnobnkevon
nAnpodopiag (nLvApeg) Oa amoteAei
TIPOLYHLOTLKOTNTAL.

 Hynoida Oa anoteAcital anod Eva cuvolo
CUPHUATWYV yLa TNV HETAPOPA NAEKTPLKWV
$optiwv Kal HLopilwVv ooV EVEPYWV OTOLXELWV

Low-Power

*  OLKOVOMLKA T(POOLTH TEXVOAOYIO KOHTOLOKEUNG Devices
NAEKTPOVIKWV

* AUTO-0pYyAvVWON OOV HEPOG TNG VEAC
TEXVOAOYLOLG KATAOKEVNC

Researchers’ Night 2012
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Mpoomntikec pExpL to 2050

The Human Brain The_ f\rcti Tern

10° Computations/s | Weighs 100 grams,
Lives 30+ years,
<1 aJ per operation Travels 2.4 million km

Neuromorphic & Cognitive Computing

Biological S
=L o Synaptic Device Based on
*\ Phase Change Technology

PCM eSynapse

=]

NEec apXLTEKTOVIKEC OaL
epappolovral yla tnv enesepyoacio
™ mAnpodopiag nov Oa
otnpilovtal o€ yvwoeLg tov Oa
£XOULE OLTTOKTHOEL ATO TLC
BLOAOYLKEG ETILOTALLEC.

* H épeuva yia KBavtikoU¢ UTIOAOYLOTEG Ba £XEL TPOXWPNOEL Kal OL TTLOAVEC

ePopUOYEC TOUC O EXxouv apxioeL.

Researchers’ Night
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Energy harvesting and storage

.

.

Photovoltaic cell principles

Thermocouple principles

Cold side

Front contact

metal contact -

o]

n o
B
o
w

p

+ —— metal contact metal contact -
Hot side

+ Back contact

Photon

Electron

Thermal energy harvesting

Light energy harvesting

Electrochemical energy storage

Protective layer
Current Negative electrode
collector Electrolyte

Positive electrode

Substrate

15 um
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Mexpt to 2030 avapEVOULLE

OAOKANPWHEVEC SLatAgelc TTapaywYNRG EVEPYELAG TWV NAEKTPOVIKWYV !

Yo popdn AENMTWV UUEVIWV , VAVOOUPUATWV Kol KBOVTLKWVY TEAELWV

OepONAEKTPLKA

Bi2Te3

dwtoBoAtaikd

i

Silicon nanowires

Mnatapieg

Oa 0d6nyndou e otadlakd e MANPWCE EVEPYELAKA AUTOVOLO NAEKTPOVLKA
ocvotipata ! H taon avt Oa cuveyiletal pe véa UALKA pEXpL to 2050

Researchers’ Night 2012
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Nanotechnology in Health and Medical Systems

11 topics identified in a sectoral report available to download at:
http://www.nanowerk.com/nanotechnology/reports/reportpdf/report8.pdf

e Tissue Engineering/Regenerative Medicine

e Bio Nano Structures

e Drug Encapsulation / Drug Delivery / Drug Targeting
e Molecular Imaging

e Biophotonics

e Biocompatible implants

e Biomimetic Membranes

e Biochips/HighThroughput Screening

e Lab-on-a-chip

e Biomolecular sensors

Researchers’ Night 2012
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Nanotechnologies

Navo-Latplki

[TeptAnmTikd | vavoTeXvoAOYio, UTOPEL VO GUVEIGPEPEL
GTNV 10TPIKY Ylo

. KoAdtepn ameikévion: In vitro, in vivo
« Koaivtepn owdyvoon: BroorwsOntmypec

v Kaltepn Ospancia: xatedbovon ko
EVEPYOTLOINON POPUOCKDV

Researchers’ Night 2012
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KaAlvtepn ametkévion (in vitro, in vivo):

> KPoavtikéc teleieg

HopakoloOOnon TS mopeiog HOPilOV KOl KVTTAPOV GTO OTOLO
&xovv mpoodedst ov kPavrikéc teleiec. Ilapovowalovv peyain
ot00gpoTnTO GTOV YPOVO !

KBovTIkEC TeAeieC MPOoOHESEUEVEC OE KOPKLVIKA
KOTTO PO

Researchers’ Night 2012
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Navoowpatidia oéeldiov tou oldrjpou

SPIO for cancer treatment by hyperthermia

/

Injection &
vectorisation

Rl

Magnetic NP

Curing : hyperthermia

Diagnosis: MRI

Researchers’ Night 2012
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Pré-fonctionnalisation

Biological
target

Antigen
Folate

Final Fonctionnalisation

Researchers’ Night 2012



Exemple 1 - Traitement de cancers par encapsulation-vectorisation du médicament :

Cancer treatment using nanocarriers
Bl What is the nano effect ?

Tissu sain

Quels sont les « effets nanos »

Tigsu sain Tizsu sain

Tumaur cancerauss

TUMEUr Cancerelse Tumewur cancareyusge

EFIIII‘IEIHI'I'I
vageulalrg

Molécule encapsulée dans petite

Petite molécule (<2nm) diffusion GGrosse particule (>1um) * aucune
Small molecules (<2nm) will Big particles (>500nm) will not 10-100nm NPs will diffuse only
diffuse everywhere diffuse anywhere toward the tumor
| e e

1- At the nanometric scale, particles can cross the epithelium of vessels and reach cancer

cells.
2- Using the nanometric scale the drug amount can be reduced and finely targeted to the

tumor.

This technology is already available to carry drugs (Paclitaxel) in an albumin capsule

Researchers’ Night 2012




Economists Estimate, that the World’s Systems Carry Inefficiencies
of up to $15 Tn, of Which $4 Tn Could be Eliminated

This chart shows 'systems’ (not ‘industries”)

Improvement potential as
% of system inefficiency

Source:

Analysis of inefficiencies in the
planet's system-of-systems

40% -
Healthcare
4270
350 Building & Transport %
Infrastructure Education
12540 1 380
Electricity Financial v i 42%
ric '
30% - 2040 g, 750 2
Food & Wate
4 8590
259, | Communication Government & Safety
3,960 : 5,210
Transportation (Goods
& Passenger)
20% - 6.950
Leisure / Recreation
{ Clothing Note: Size of the bubble indicate absolute

7,800 value of the system in USD Billions
15% T

15% 20% 25% 30% 35% 40%

System inefficiency as % of total
economic value

BM economists survey 2008; n= 480

45%

Global economic value of ...

System-of- $54 Trillion
systems 100% of WW 2008 GOP

Inefficiencies $15 Trillion
26% of WW 2006 GDP

Improvement $4 Trillion
potential % Of WV 2006 GDP

$15,000,000,000,000
$4,000,000,000,000

How to read the chart:

For example, the Healthcare system's
value is 54, 270B. It carries an estimated
inefficiency of 42%. From that level of 42%
inefficiency, economists estimate that
~34% can be eliminated (= 34% x 42%).



Real-Time Measurement, Modeling & Control Platforms will Drive a Smarter
Planet Through the Broad Implementation of Feedback Control

Real-Time

-€©)» Management
& Control

VT

High-Quality Predictive
Transformations Processes 0' Trusted Data 9' Models

Analytics & Modeling

Platforms Management & Control Platforms

HIgh-Quallty !.,.t:; ; _:.5;_ ®Pr9dictive B Distributed Centralized

Trusted Data | =0 Models e

| T & | ———

Multi-Domain ‘# .
Measurement Models Hardware
Platforms
((‘E’J)r_ Real-Time
f = f-l"r' Mgmt
# Control

Representative Business Opportunities by Industry

Processes

Distributed Energy

Buildings

- i

Supply-Chains

Water Systems




Energy Efficient Nano-
Electro-Mechanical relay

¢ Advantages:

|deal

- zero loff (zero static power). switch

- abrupt transition between off

and on states. lD

e Another (unwanted?) feature
of NEM switch:

- hysteresis due to different
values of pull-in, V;; (off-on
transition) and pull-out, V,,
(off-on transition) voltages.

NEM ©
switch

Drain curret

Gate voltage

M
P 27,4




Quantum Parallelism

The extraordinary power of quantum computing comes from exploiting superposition
and interference. Consider what happens when a classical computer is asked to search
among all possible patterns of n bits for a particular pattern that satisfies some stated
condition. With a single processor, the computer must examine each pattern
sequentially, and since there are 2"such patterns, the task is intractable for large
values of n. With parallel processing the search can be completed in a single step, but
only if you can build 2" processors, which again becomes impractical as n grows large.
A quantum computer might break the logjam, at least for some problems. After
setting up the right initial superposition of states, and allowing it to evolve according
to the right unitary transition matrix, a single quantum processor could sift through all
the qubit patterns simultaneously. Destructive interference would suppress those
patterns that were not of interest, while constructive interference would enhance
those that met the stated conditions.

more on
http://www.americanscientist.org/issues/pub/the-square-root-of-not/6
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