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Outline

Carbon nanotubes (CNT)

- CVD synthesized multiwalled tubes (MWNT)

MWNT devices

- Electronic transport in MWNTs

- Electromechanical resonators from coiled CNTs



Carbon nanotubes

From graphite sheet to nanotube

Single-walled (SWNT) and
multiwalled (MWNT) nanotubes

1-3 nm2-30 nm

SWNT

MWNT



Transport phenomena in single nanotubes

Superconductivity
- Proximity
- Intrinsic ?

Ballistic conduction
- In SWNTs (G <= 2 G0) 
- In MWNTs ?

Ouantum dot behaviour
- Shell filling
- Kondo effect

Diffusive conduction
-In MWNTs

-Discovered 1991
-Long mean free path
(White&Todorov
Nature 393, 240 (98))

1D e-e correlation
- Luttinger liquid

Electro-mechanical
effects

Device applications

Metallic tubes:
Single electron transistors
(SET)

Semiconducting tubes:
Field effect transistors

Sensors

Field emission devices

NEMS

Thermal transport

Light emission
in semiconducting
tubes



Synthesis of Carbon Nanotubes

The main methods:

- in arc-discharge of graphite electrodes (AD-method)
- laser vaporization of graphite target
- catalytic decomposition of hydrocarbon gases (CVD-method)

Major differences:
-is catalyst used ?
-growth temperature (600-2000 C)

Different size and degree of perfection can be expected

Chirality is not under control



Some real carbon nanotubes

SWNT �rope�
(Rice Univ.)

Impurities

Individual SWNTs grown
on surface.
(Stanford Univ.)

MWNTs

Different amounts of disorder



Transport measurements indicate mainly diffusive conduction:
- Langer et al. PRL 1996
- Schönenberger et al. Appl. Phys. A 1999
- Tarkiainen et al., Physical Review B, 69, 033402 (2004) 

Multiwalled tubes: How ideal are they ?

a) Ideal type
c)-d) Deviations from ideality
(Maniwa et al, PRB 64, 073105 (2001)) Ideal MWNTs are possible with F > 10 nm

Our CVD tubes are highly disordered, but still
with a graphitic structure

Some AD grown tubes are close to ideal structure
(Cumings&Zettl, Science, 289, 602 (2000))




