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 1-Perqué nano?
— Llei de Moore
— Feynman: “There is plenty of room ...”

« 2- Nanotubs i nanofibres. Grafe.
— els Nanotubs de Carboni, CNT. Queé son?
— Obtencid, propietats

 3-Fenomens associats a “nano”
— Fenomens quantics observables
— transport de carrega: (V) no 6hmica, bloqueig de Coulomb
— el color depén de la mida!
 4-Tecniques
— de fabricacio
d’observacio y caracteritzacié
— de calcul
 5- Aplicacions
— Composits: CNT-polimer, CNT-metall
— Dispositius d’un sol nanotub: transistors. Sensors
— Dispositius amb molts nanotubs: electrodes transparents, flexibles. Sensors.
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@ 1- Perque Nanos?
* 1965 - Llei de Moore (Gordon Moore, INTEL)

Els transistors son més i mes petits :
— El nimero de transistors en un “xip” es x2 cada 18 - 24 mesos!
— aun preu mes baix

* 1965: en un xip, 60 transistors
« 2004: en un chip, 1,7 bilions de transistors!

* 1960’s- R. Feynman
“There’s Plenty of room at the Bottom”
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R. Feynman
“There’s Plenty of room at the Bottom”
...hi ha molt lloc, alla baix!

* Podriem escriure els 24 volums de
I'enciclopedia Britannnica en una agulla de cap?

« Sill sireduissim el tamany de cada caracter en
1/25.000

— 1 punt = 8 nm de diametre = 32 atoms

- caldria:  Millors microscopis electronics,
miniaturitzacid, nanolitografia, ...

!

nanomaterials, nanotecnologies
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nova?

olid

Similar al grafit: conductor electric, opac, negre, tou
o al diamant: aillant, transparent, molt dur



Diferents formes del carboni

* Diamant
— Orbitals sp3

» Grafit - grafe
— Orbitals sp2

e Ful-lere
carboni

Buckminsterfullgrgne; |



@ Historia dels CNT

1985, ful.lerens Cg,

1991: Multi-walled

1993: Single-walled carbon nanotubes by S,
lijima, (Nature, 1991) D. S. Bethune et
al. ( Nature, 1993)

2001: Single crystals of single-walled carbon
nanotubes (R. R.Schlittler et. al., Science 292,
1136, 2001).
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Ful-lerens (C¢,, C)
| Nanotubs de Carboni, CNT

Ful-lerens Ceo

diametre~ 10 nm

Nanotubs, CNT (MWNT, SWNT)
diametre ~ 1-90 nm
longitud ~ micres — cm!
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@ Nanotubs de Carboni d’una sola par et:
SWNT







@ Propietats singulars, unigues

e« SWCNT
— Mecaniques: modul deYoung Y =1-2TPa
— Electrigues: conductivitat o =2000 S/Icm
— Termigues: gran conductivitat  6000W/mK
— CTE: coeficient de dilatacio petit

!

o Aplicacions. materials més resistents (acer, fibra de C)
 meslleugers

» Bon conductor amb molt pocadilatacio

o Materials compositsamb CNT
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@ 3- Fenomens associats als
nanomaterials

—Transport de carrega: bloqueig de Coulomb

—Els electrons “no xoquen” > R |

—El transport electronic esta quantificat, “a salts™:

I(V) escalonada : |
(No llei de Ohm)

—El color depén de la mida!
en nanoparticulas coloidals

en nanoclusters d’or Q ‘ ®
ogia -
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@ 4- Técniques d’obtencio
[l

! |

Descarrega
per arc

Graphite.
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Deposit—" | ~_-Graphite

rod (+)

®

[ DC arc LY Gas
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|  power

| source Vacuum

@ pump

Fig. 1. Schematic diagram of CNT formation apparatus by the arc-discharge
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@ CVD: Diposit quimic en fase vapor
(a)
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Fig. 6. (a) Schematic diagram of a CVD setup. (b) Probable models for CNT
growth. (c) An example of a SWNT and a MWNT grown from camphor via CVD.



Obtencio en un forn laser

Target Rod

. — — —
Ar || Flow ' \
Controller Fumace ‘.
. 1 y 2l | \
L 7 44 .
S _ ’__'. s ?_7__7-:-__7 4
i P v
= _ EE————
g T
— _: y— -
— o"'—_ ~
Lens / o I P
| = Pressure
' / /& Controlier
Laser Window S
Pump

Fig. 5. Schematic diagram of the laser-furnace apparatus.
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@ - Tecniques d’observacio i
de caracteritzacio

* Microscopia electronica:

— TEM (per transmissio), SEM (d’escombrada)
— HTRM ( d’alta resolucio)
— Difraccio d’electrons

 Difraccio de raigs x

» Espectroscopia optica, UV, IR
e Sincrotro

« Espectroscopia Raman

« AFM, STM

 Ressonancia magnetica
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Microscopia de Forca Atomica
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@ AFM

Microscopia de Forces Atomiques

« La punta registra la topografia

\
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ESR spectra of SWCNTs
obteined by different methods

5x 10° 1. Laser ablation SWNTs

2. Arc discharge SWNTs

3. CVD bucky paper SWNTs

4. Thomas Swan CVD SWNTs

5. Arc discharge with Pt/Rh SWNTs

Intensity (arb. units)
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Dispositius el ectronics
Pantalles: “displays’
Sensors, biosensors
muscles artificials
*Nanocomposits’

Fig. 14. Micrographs showing the exceptional flexibility of carbon
nanotube-based fiber [78].
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The Space Elevator Project
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hEIéctrodestransparents CNT-Polimer (AFM)
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C 15.0 umx 15.0 um d
Transparent and flexible carbon nanotube

transistor
-E. Artukovic, M. Kaempgen, D.S. Hecht, S. Roth, G.
Gruner, NanoLetters, 5, 757 (2005)
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Gold Source-Drain Contacts Parylene N (Insulating Layer)

' Gold Contacts
" tothe Gate

Rare Nanotube Network
as Source-Drain Channel Dense Nanotube Network
as Gate Layer

Flexible PE substrate

UCE 18 d'agost del 2013 - Cienciai Tecnologia -



Departament de Fisica Aplicada

Nanotubs de Carboni - Cu
SEM a 75° de CNT-Cu,

b) 39% w Cu
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a. CNT In the spring suspensions
b. Bodyworks
c. Engine

The idea is to make a substitution of the
Carbon in the actual Titan/carbon matrix,
and replace it by CNT to make an alloy of
Ti-CNT.

Increase mechanical resistance with less
material = weight and section size.
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CNT-polyaniline sensor

e Optical pH response of
CNT/Polyaniline

Absorption [a.u.]
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pH [-log c(H")]

M. Kaempgen, S. Roth; J. Electroanalytical
Chem., 586, 72 (2006)

the absorption and
the colour change with pH

It could be used as a sensor just by
the colour changes
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@ Actuadors: muscles artificials

fetsamb bucky-paper de CNT, unafibra,
0 amb un sol nanotub
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@ Transistorsde CNT

Cross section of nanotube transistor

SWNT (d=1.4 nm)
source drain

silicon nitride
membrane
(20 nm thick)
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ETH Zurich

Gas sensor demonstrators utilizing SWCNTSs have been

fabricated & tested

It was shown that SWCNT can detect 15|

Carbon nanotubes gas sensors

NO, & NH; gases (J. Kong & al; 5

Science 287 (2000) 222)
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Images from: J. Kong & al; Science 287 (2000) 622.
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ETH Zurich

Carbon nanotubes gas sensors
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ETH curich Carbon nanotubes gas sensors

Our choice: gas sensor based on CNFET

- El. ' 1
Sketch of gas sensors electrica SWNT e VDS |
based on afield effect contact

transistor (FET) (dlrain) S;ci)2 Sy,
configuration with as- | ]
grown individual Single electrical contact (back gate)

Wall Carbon Nanotube

(SWNT) asthe active

channel.
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=TH Zurich Fabrication of CNFET devices

1/ 2/ 3/
SWCNT FETSs fabricated SWCNT FETs multi Suspended SWCNT
by e-beam lithography. device array fabricated

by photolithography.

® ALDALO; -

Moritz Mattmann & Wei Liu Lukas Durrer & Kiran Chkkadi; M. Muoth et al., pss (b)

) 248 (2011) 2664
i NMS ETH Zurich
NMS ETH Zurich MNS ETH Zurich
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=rHzunieh 97 Fabrication of CNFET devices by

c-0 n(‘)g"rapny
1) Highly doped S 4) Deposition of
substrate with metal leads to
100 nm SIO,. electrically
contact SWCNTSs.
2) Synthesisof 5) Passivation of the
from Ferritin based ALO,.

catalystsin CVD
process.

6) HF or H,PO,

3) Deposition of wet etching.

metal markers and
localization of
SWCNTs by AFM.

M. Mattmann, MNS ETH Zurich
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ETH Zurich

|slands N N _ |
in photoresist Deposition of ferritin Lift off photoresist

SWCNTs growth Deposition of electrodes ALD of passivation
layer (Al,Oy)

K. Chikkadi, et al., Procedia Engineering 47 ( 2012 ) 1374 — 1377
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ETH Zurich 3/ Fabrication of CNFET devices/ resist
residual contamination free process
Growth of suspended SWCNT @ MEMS

b

d mask —p 1]

M. Muoth et a.; Nature Nanotechnology 5
(2010) 589

M. Muoth et al., pss (b) 248 (2011)

2664 o :
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ETH Zurich 3/ Fabrication of CNFET devices/ resist

residual contamination free process
d

Growth of suspended SWCNT @ MEMS .. 2&

CNFET \ '
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M. Muoth et a.; Nature Nanotechnology; 5 (2010) 589
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ETH Zurich
NO, gas sensorsbased on individual SWCNT FET

NO, detection in dry air
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» Positive shift of the gate threshold upon exposure to NO.,.
Mattmann et al. Nanotechnology 2010; 21: 185501.
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ETH Zurich _ _
Recovery of partially passivated CNFET NO,

SENS0or

AlLO S\fx"NT
M o o x 10

il 05um 10
A Cr/Au inilial stats in aynthese dry Bir ;
r F - I B

50, mhar S0min 0.3ppm NO,

[
ﬂ ]

Si substrate (a) BH a afiar S0min lushing in synhetic dry sir |
¥ afar 30min healing @ 190°C

Sensor recovery after 30min @ 110°C.

Mattmann et al., Appl. Phys. Lett. 94, 183502 (2009)
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