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Gose e |oro diIMENSIONIL (arancio) = cose fatte dalliemo)

Millimeters
Ball of a ball point pen 0.5
Thickness of paper 0.1
Human hair 0.02-0.2

Talcum Powder
Fiberglass fibers
Carbon fiber

Human red blood cell
E-coli bacterium

Visible Light Wavelength:

Size of a modern transistor
Transistor Gate
Size of Smallpox virus
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Nanometers

1000
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Electron wavelength: Upper upper limit ~ 10 nm

Diameter of Carbon Nanotube
Diameter of DNA spiral
Diameter of C60 Buckyball
Diameter of Benzene ring
Size of one Atom

0.7
0.7
0.1
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SCIENZA

complesso organico e sistematico delle conoscenze che si posseggono intorno a
un determinato ordine di fenomeni

TECNOLOGIA

studio dei materiali, delle macchine e dei procedimenti tecnici da impiegarsi nella
produzione di beni e servizi

izionario nterattivo arzanti dalla lingua liana
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SCENARIO DI RIFERIMENTO -
nanofabbricazione

Approccio Bottom-Up /

ispirata alle forme
spontanee con cui
la biologia realizza
architetture e
funzioni complesse
a partire da
costituenti chimici,
le molecole

sintesi di origine
fisica, chimica e

biologica

La nanofabbricazione é destinata a diventare un elemento costitutivo nella sequenza
di sviluppo definita da ricerca, trasferimento tecnologico, industrializzazione e
commercio



caso: della MICROELETRONICA



|nte|@ Functional Transistors at 30NmM @ smaten 6

70nm Transistor 30nm Transistor
Production

Two Generations

Gate Oxide less '
than 3 atoms thick Silicon




|nte|@ Continued Progress on Interconnects

500nm Interconnects

130nm Interconnects

o — e - s T—— R R e

Four Generations of
Interconnect Progress
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Determinazione delle proprieta elettroniche di superficie (primi piani atomici)

BEAMLINE
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CAVITA' RF

STORAGE
RING

CALIFORNIA-Stanford WISCONSIN-Madison
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L.a luce dagli elettroni

I3 luce e prodotto
f[acendo; circolare gli
elettroni all'interno di
LN Circuito d
Magneti.

'3 radiazione emessa
Viene estratta
dall'anellor attraverso
appositi canali (linee
di'luce)

P
L /'““t peam - N
( Electron beam \
Linear N
ccelerator % Boaster ring ||

Experimental
station
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MOORE'S LAW: (INTEL-1965) 0gni 18-24 mesi Jl.numero. djl trans/stor: 1
un  d/spositivo.raddoppla

IC's erd stato /nventaro solo. 7 annl . primal.
(by:Moore, his Fairchild/Intel colleagues, and Texas Instrument's Jack Kilby)

|'a sua legge ha predetto 1o sviluppoe: per40ranni:

:

NEC DRAM development

g

B
25600 DRAM - Intel LAGS

8

DRAM Production
trend 1.58x/year
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Figure 2.2: The first Moore law: time variation of the number of transistors in ICs
(reproduced with permission from http://www.icknowledge.com)




Optical

Microscopes
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Using Light to See

» The naked eye can see to about 20 microns

e A human hair is about 50-100 microns thick
e Light microscopes let us see to about 1 micron

e Bounce light off of surfaces to create images
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_> to see red blood cells

Light microscope (400x)

(magnification up to 1000x) ‘g
g 1




Using Electrons to See

e Scanning electron microscopes (SEMs),
invented in the 1930s, let us see objects as

small as 10 nanometers
— Bounce electrons off of surfaces to create images
— Higher resolution due to small size of electrons

i

Greater resolution to see things like blood cells in greater detail ﬁ i



Scanning Probe Microscopes

» Atomic Force Microscope (AFM)

— A tiny tip moves up and down in response to the
electromagnetic forces between the atoms of

the surface and the tip

— The motion is recorded and used to create an
image of the atomic surface

» Scanning Tunneling Microscope (STM)

— A flow of electrical current occurs between the
tip and the surface

— The strength of this current is used to create an
image of the atomic surface




Touching the Surface

e Scanning probe
microscopes,
developed in the
1980s, give us a
new way to "see”
at the nanoscale

e We can now see

e o, ————
things, like atoms, = —_—
and move them S—— a1

too! This is about how big atoms are
compared with the tip of the %

mIcroscope




Sviluppo di tecniche di sintesi:

Espansione libera in fasci molecolari supersonici
Tecniche laser di vaporizzazione

Sputtering

Atomic Layer Deposition

Chemical vapor deposition (plasma assisted)

Impianto ionico
Sol-gel
Ball-milling

Litografia, reactive ion etching...

20



Atomic-Layer Chemical Vapour Deposition

Based on sequentlal saturated chemical reactions on the surface, this growth method has been
called by various names: Atomic Layer Epitaxy (ALE), Atomic Layer Deposition (ALD), digital
chemical vapour deposition (D-CVD) or atomic-layer chemical vapour deposition (ALCVD).
~In Chemical Vapour Deposition (CVD) precursor chemicals are introduced simultaneously by a
carrier gas into the reaction chamber where the precursors chemically react, depositing a thin film.
However, in ALCVD, deposition is based on chemical reactions on the substrate surface. Also, in
contrast to other CVD processes, ALCVD is divided into sequential saturated steps - growth takes
place step-by-step, layer—by—layer - hence the name Atormc Layer Chemlcal Vapour Deposmon

Vapour A chemisorbs
on a surface covered
by atoms B. The
reaction proceeds until
saturation, i.e. all
bonding sites available
to atoms A are filled.

After the saturation of
the reaction, the
surface is covered with
atoms A, which makes
the surface reactive to
atoms B. Excess
vapour is removed.

Vapour B chemisorbs

on a surface covered

by A. The reaction
proceeds until all
bonding sites available

~ to atoms B are filled.

Reaction re-establishes

the coverage with
‘atoms B, which activates

the surface to the next

'sequence of surface
reaction with gas
containing atoms A.




Thomas Graham conia il termine colloide per descrivere una soluzione
contente particelle di diametro inferiore a 100 nm in sospensione; (Faraday,
Ostwald,...)

. : Rayleigh, Maxwell e Einstein studiano i colloidi (proprieta
ottiche);

: Gustav Mie, calcolo elettrodinamico esatto della risposta ottica di
nanocluster metallici

: metodo di Langmuir-Blodgett per deporre monostrati atomici;
. : Uyeda studia con la microscopia e la diffrazione elettronica singoli
nanocluster;
: nanocluster di lega metallica;
: Smalley & Kroto scoprono il Cg, (fullerene)

. . lijima studia i nanotubi di C;

. . Creato negli Usa il primo laboratorio di nanotecnologie (Rice University)
. : manipolazione e posizionamento di singoli atomi (STM, AFM)
nanotecnologia.

. L’Europa stanzia 700 milioni € in quattro anni.

- ...la storia continua... ...Sistemi biologici...
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Materiali Nanostrutturati
(dimensioni caratteristiche < 100 nm)
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Nanoparticelle (O D)

Nanofili, nanofibre, nanc

Film sottili (2 D)

Nanomateriali massivi (3 D)
« Materiali Mesoporosi
+ |bridi organico-inorganici
+ Materiali Nanostrutturati (nanogran
* Nanocompositi (nanoparticelle o nanofibre i




Attivita di Ricerca & Sviluppo (R&D) sui nanomateriali

1) Ricerca sui nanomateriali:

2) Sviluppo ditecniche di sintesi:
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Nanomateriali a base di carbonio ... |

e A S

Nanomateriall a base polimerica

Nanomateriali a base vetrosa

Energy (eV)
275 250 2.25 2.00

Absorbance

a3uaasaupuN|oloyd

Nanomateriali e guantum dots

Wavelength (nm)




/7 Nanomateriali per la sensoristica

8 Nanomateriali per la biotecnhologia e ’'ambiente




Un' esempio dove l'leme copia larnatura:

lI'controllorcRIMICO: € MOrielogice consente
di ettenere SUPErfICI SUper-iIdreiobIChe con
proprieta auto-pulenti sfruttando il
cosiddetto *Effettor.oto™




Superfici auto-pulenti: Effetto Lotus

d "0 REM recording of a
" - & holographically pro-
. v . U ing
o | surface.
" F & Fraunhcfer |5
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Tensione Superficiale Forze di Adesione

surface tension

gravitational surface attractive forces
force
Liquid on a non-wettable surface, When attractive forces to surface
surface tension dominating exceed surface tension, the liquid
attractive forces on surface. wets the surface.

Figure 1. Surface tension and surface attractive forces for a drop of water on
a non-wettable surface like glass (left), or a more aftractive surface (right) [1].
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Lotus Effect

(4=, 1]

Point Jfaﬂa_l.-":l'..
e
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Film autopulente superidrofobico

Molecole idrofobiche
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Disco rigido IBM 0667 da 70 MB con elettronica di
controllo ESDI formato da 4 piatti con 8 testine magnetiche
di lettura - scrittura. Anno 1985.

(Materiale gentilmente messo a disposizione dal CICAIA -

Universita di Modena e Reggio Emilia)
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Traccia di
memorizzazione

Dischi rivestiti
di materiale
ferromagnetico 2

Testine di
lettura-scrittura

Attuatore
Elettronica di
controllo




4 Write Head

37



Giant magnetoresistance (GMR) (1988) is a

effect observed in thin film structures composed of alternating and
nonmagnetic layers.

The effect manifests itself as a significant decrease (typically 10-80%)

in in the presence of a magnetic field.
, the direction of of
adjacent layers is due to a weak anti-ferromagnetic

between layers. The result is high-resistance magnetic scattering as a result of electron s
When an external magnetic field is applied, the magnetization of the adjacent
ferromagnetic layers is parallel. The result is lower magnetic ;

and lower resistance.

The effect is exploited commercially by manufacturers of

The 2007 was awarded to and

for the discovery of GMR.
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http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Magnetoresistance
http://en.wikipedia.org/wiki/Ferromagnetic
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Zero-point_field
http://en.wikipedia.org/wiki/Zero-point_field
http://en.wikipedia.org/wiki/Zero-point_field
http://en.wikipedia.org/wiki/Magnetization
http://en.wikipedia.org/wiki/Ferromagnetic
http://en.wikipedia.org/wiki/Antiparallel_(electronics)
http://en.wikipedia.org/wiki/Coupling_(physics)
http://en.wikipedia.org/wiki/Scattering
http://en.wikipedia.org/wiki/Giant_magnetoresistance
http://en.wikipedia.org/wiki/Hard_disk_drive
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Albert_Fert
http://en.wikipedia.org/wiki/Peter_Gr%C3%BCnberg
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http://upload.wikimedia.org/wikipedia/commons/9/93/Spin-valve_GMR.svg
http://upload.wikimedia.org/wikipedia/commons/7/73/GMR.svg

a. H ﬁ ’ I Magnetic layer

b. [ ﬁ ’~ Non-magnetic layer
4

Magnet
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Tunnel magnetoresistance (TMR)
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http://en.wikipedia.org/wiki/File:Magnetic_Tunnel_Junction.png

X, Y, Z Axis and
Angular Accelerometers
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Angular
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pical Assembly of an HDD
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Microactuator without Cap Movie




MEMORIE ELETTRONICHE DI
NUOVA GENERAZIONE
A CAMBIAMENTO DI' FASE
REVERSIBILE

PCM = Phase Change Memories
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-Maximum temperature at the GST/Heater interface: ~800 °C

-Maximum temperature at Metal/GST interface: 300 + 400 °C
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Sample Deposition Process

Si0, deposition on Si

SiO, surface degas

MOCVD TiN deposition

H>/N> RF plasma
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Cella di Memoria Elettronica non-volatile con materiale con cambiamento
di fase reversibile

From Concept ...

Top Electrode

¥

A

Crys’zalline
Resistor GST
(Heater)

Amorphous Crystalline

Memory Cell

Memory Cell
Array

PCM Chip



NUOVI TIPI DI' MEMORIE

BASATI SU AFM'e MATERIALL A VARIAZIONE DI FORMA REVERSIBILE

‘high’ write current
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Technology: Building Smaller
Devices and Chips

Nanolithography. to create tiny: patterns

um
0 1 2 3 4 5 6 7 8

SISy e O A RS GO)

0 1 2 3 4 5 6 7 8
um

Transporting molecules to a surface

Mona Lisa, 8 microns tall, created ; .
by dip-pen nanolithography

by AFM nanolithography

Sources: http://www.ntmdt.ru/SPM-Techniques/Principles/Lithographies/AFM_Oxidation_Lithography _mode37.html 51
http://www.chem.northwestern.edu/~mkngrp/dpn.htm



EFFETTO SEEBECK
(THOMSON)

/a Heat Input ,
o J)\}

eat Ejected o‘. ]

“ Power Generation
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Figura di merito Seebeck

Rapporto tra:
Conducibilta elettrica e Conducibilta termica

Dipende dal'materiale attraverso Il coefficiente Seebeck

Valori Figura dit Merito:
BisTies circa 1 (materiale generalmente usato)
Metalli'circa 107 -102
Silicior poly: circa 3x10:2

In fili nanocristallini di silicio la conducibilita termica diminuisce di un
fattore 100 dovuto allo scattering dei fononi sulle superfici
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Effetto Seebeck nanofili di silicio

a) Silicio massivo

d) Deposizione del polisilicio

b) Deposizione della membrana
Si0,/S1,N,

) Attacco al plasma direzionale del
polisilicio

¢) deposizione e delinizione
del SlO:

f) Rilascio dei nanofili di silicio

o4



Effetto Seebeck nanosuperfici di silicio

4) Silicio massivo b) Deposizione della membrana c¢) Deposizione del polisilicio
Si0,/SiaN;

e P

d) Oxssidazione parziale del ¢) Formazione del ) Definizione delle
polisilicio multistrato Si0)+/S1 nanosuperfici

Fig. 3: Flusso di processo per la realizzazione di nanosuperfici di silicio

55



Helium Implanted Silicon

™

100nm

800 C 2 hours

500 C 2 hours
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MS01 N234604
H276 wf. 2A7 21 cicli (centro)
um EHT = 5000y Signal A= InLens  Date 27 Aug 2002

- - R 1um EHT = 5.00%V Signal A = InLens  Daste -14 Mar 2002
Meg= BOSKX — WD = 9mm Photo No. = 1298 Time :13:08 WO Smm No.=748  Time 40:30

After trench etch After resist strip

1.38um

VENEZIA wI.71C3-1 (crescita EPI tempo 15" )

VENEZIA wif.72B6 -1 ( crescita EP! tempo 0)
Signal A « InLens Date =15 Oct 2003 Time :6.56

Signal A = SEZ Date 150ct2003  Time B44 » EHT= 500K/ Mag= 1014KX WD= 9mm PhotoMo =10
EHT= S00KV  Mag= 1048KX WD= 8mm PhetoNo =6

Atmospheric pressure
H, flow: 70 I/m

SiHCI, flow: 9.7 g/m

Atmospheric pressure

H2 flow: 70 I/m " . B Dep rate: 54.7 nm/s




275am

815nm
‘.
VENEZIA wi.70D0 1 ( croscita EPI tempo 30 )

Signal A = InLens Date -15 Oct 2003 Time 913
EHT = 600KV Mag= 1014KX WD= 9mm PhotoNo. =14

Atmospheric pressure
H, flow: 70 I/m

SiHCI, flow: 9.7 g/m
Dep rate: 54.7 nm/s

1.22pm

VENEZIA wfB9C31 (c

HANEFENASOAIIDY M

La0 3TW
4 Rrscucs W O S |—|

Atmospheric pressure
H, flow: 70 I/m

SiHCI, flow: 9.7 g/m
Dep rate: 54.7 nm/s

803nm

rescita EP| tempo 45" )

Signsl A = InLens Dato :16 Oct 2003 Tims 9:32
EHT= 800KV Mag= 1015KX WD= Smm Photo No.= 18




- - - -,

1.1x108 trench SON

——————

Y

029 x 043 um2 x 2.4 um ESS

Si sub.

10 min 1100°C H, a 10 Torr

Cavita sepolta: 180 x 1500 um2 x 0.7 um

APPLICAZIONI...
2 B I L
SON-MOSFET

3 min

1100°C H, a 10 Torr

lum




3 min 900°C 1 min 1000°C
Parete laterale
interna del
trench circa a
meta
profondita
im | | A
VoS d RMS: 0.31 RMS: 6.42nm RMS: 0.11
P, =40 Torr o) B () R : ® i
3 min 1000°C 10 min 1000°C
[Wl]dM direction
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ELETTRONICA MOLECOLARE
UNA POSSIBILITA®
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The Multi Spacer Technology

.
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35 nm a-Silicon
multi ple spacers

EHT = 5.00kV
WD = 2mm

Date :13 Apr 2004

ook 020200

—
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W

nitride

Bl

" EHT= 5.00kV

WD = 4wmm

multi-spacer

Date :5 Aug 2004

 200nm

e

Mag=101.72K X
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Bucheluuantiche

1

= 100
R
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Buchelquantiche

Esempio di
realizzazione di un LED
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L20 on Chip Movie




Sensing Element
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Drop EjECtion
s, and Refill



PHOLONICTSWILCRING ConceEPL

Top-Down View - 32 x 32 Diagonal Cross-Sections

Fluidic Gaseous
State State

Wave guide l

Activator OFF Activator ON
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ST/AGILENT Bubble Switch
Movie
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NEGLI STATI UNITI ESISTONO ESEMPI DI DISTRETTI IN VIA DI
SVILUPPO SPECIALIZZATI SULLE NANOTECONOLOGIE

= Massachusetts Harvard
Silicon Va"ey ‘ Consolidata reputazione nel creare imprese in
$100 milioni di finanziamenti statali nei nuovi settori industriali
prossimi 4 anni Illinois Northwestern Elevato numero di potenziali imprenditori
“74 Infrastrutture focalizzate sull’alta Non esiste un organismo di governo del

: - s Consolidata tradizione di ricerca i
tecnologia con una miriade di aziende distretto

sulle nanotecnologie

' reminenti nel settore tecnologico ; ; ;
St g et Distretto fondato nell’agosto 2002 @ j
Non esiste un organismo di governo del ' :
- distretto ¥
: | | ; L R

<
=%

New York/New Jersey

Columbia, Cornell
Oltre $150 milioni da fondi statali
: c ; e dell’IBM per il Center for
California meridionale y ; e Excellence in Nano (SUNY at
$100 milioni di finanziamenti . Albany)
statgll nei prossimi 4 anni Texas Rice - Lo Stato del New Jers;y 1119?1]t1va
Il California NanoSystems le partnership tra universita e
Institute sta incoraggiando le imprese
collaborazioni tra universita e Distretto fondato nell’ottobre 2001
imprese
Distretto fondato nel giugno
2001

La Texas Nanotechnology Initiative sta
promuovendo le collaborazioni tra universita,
imprese € amministrazioni locali

11 tessuto locale ha dimostrato elevata capacita di
attrarre imprese con contenuti tecnologici

Distretto fondato nell’ottobre 2000




Un mondo di applicazioni

Applications of

Maena b hanotechnology
design |

e

NN N
_ +. ™ Quanturn effects ™
0,1 pm Molecular | "~_—= \\ Integrated
- biology

—~
B fEl,l;‘““‘“ el exploitation of

T Sensors biological principles
Biochips physical laws

/ chemical properties
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FIG. 1: A molecule characterized by a wire whose conduction
state may be controlled by a side redox state
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Irraggiamento a diverse
intensita,

a) 6.5x1013 W/cm?,

b) b) 2.3x104 W/cm?,

c) 5x101W/cm2, e in
diverse zone.
Trattamento termico
550C ,1 ora

All'aumentare dell’intensit;

colore delle aree irraggiate

violetto al rosso, al giallo.

d’assorbimento si sposta d

( risonanze delle particelle d’oro, lo shift da
568 a 534 nm legato alla variazione di
dimensione delle particelle d'oro) a 422
nm (Aug, ?).

All'laumentare dell’intensita si riducono le
dimensioni delle particelle.

|

1

1

S00

A/l nm

600

__’
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Tecniche di analisi di' superfici e interfacce

Risoluzione

2 How to move a molecule
well  barner well

X

omputer simulation by Christian Joachim (CEMES-CNRS) showing how an
STM tip can push a molecule. The point of the tip (top) is lowered between the
bulky legs of the molecule, which are repelled as the tip approaches. A
ounded molecule would be more difficult to move, because it could slide
away from the tip.
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