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One-dimensional structures
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1D-Systems

1D systems – Carbon Nanotubes

Semiconducting Nanowires

Single molecules

GaAs GaP InP InAs ZnS ZnSe CdS CdSe

GaAs0.6P0.4 InAs0.5P0.5 GaN(Fe)

Mo6Se6(MoSe)
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Carbon Nanotubes

Some Ideas:
• Nanohorns (adsorptive and cathalytical properties fuel cells)
• Nano test-tubes (tubes can be opened and filled, e.g. biological molecules)
• Nanofibres (CN are supposed to be very strong) 
• Nanotube rings 

• SC: electronic devices       MOSFET (Silicon - CN), FET
• Small bandgap CN:           1d conductor

Model system for 1D transport
• Ballistic transport
• Little structural disorder
• T<<  Coulomb diamonds
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Graphene
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Graphene
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Graphene
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2 Fermi

points

K1,2

Graphene
Wallace, Phys. Rew. 71, 622 (1946)

Structure:
• Graphite sheet
• hexagonal (honeycomb) lattice of C atoms
• 2 atoms per unit cell

Energy band structure:
• most directions: 

Electrons moving at EF are backscattered
• some directions:

Electrons may propagate

GRAPHENE is a SEMIMETAL

1a

2a

Electron configuration:
• 6 electrons: 1s2, 2px 2py=sp2,  2pz
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C

Graphene Carbon Nanotubes

Lattice of a Carbon Nanotube = rolled up graphite sheet

2 /p Ck n Cπ=

Periodic boundary condition
quantization of kp

conformal mapping
C

T

1 2C na ma= +Chiral vector

CN labeled 
(n,m)

2 examples:

• Zigzag (n,0)

• Armchair (n,n)
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Bandstructure of CNs

Quantization of the SEMIMETAL Graphene

SEMICONDUCTOR (2/3) “METAL” (1/3)

Examples:  
Zigzag (n,0)
Armchair (n,n)

Semimetal Graphene Quantization Semiconducting and “metallic” CN

k

E
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Transport through Carbon Nanotubes

S
Gate

D
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Other Systems Showing 1D Physics

Coupled wires systems

2D systems – Chiral edges of the QH and FQHE
Striped phase at high Landau levels

A 1D wire

4

5 5

4

B

3D systems – Crystals of 1D molecules - Polyacetelene
Stripes in High Tc superconductors
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Circuit

Top wire in equilibrium with the source
and bottom wire in equilibrium with the drain
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Spin-Charge separation

Observe 30% deviations
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Zero-dimensional structures
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Quantum dots: from simple to complex

L.W.Molenkamp et al (1995)

C.Marcus et al (2003)

J.P.Kotthaus (1995)

A.Holleitner et al (2002)

H.Jeong et al (2001)

D.Goldhaber-Gordon et al (1998)
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Quantum Dot devices

Artificial atoms
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Quantum dots

QD

GaAs AlGaAs

Gates

Lead

Lead
Electron gas 
plane

Tune: gate potentials, temperature, field…
Measure: I-V curves, conductance G…
Aharonov-Bohm interferometry, dephasing, coherent state manipulation…
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Coupled Quantum Dots

Single QD Double parallel QD Double serial QD

Triple serial QD Triangular QD
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Quantum Dots with few electrons

Elastic Inelastic

Electron-like

Hole-like
co-tunneling
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Quantum Dots with many electrons

Eα

1Eα +
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From Quantum Dots to Nano-Crystals

Material: Au in 3 4Si N substrate

T.B.Tran et al (2005)

6d nm≈
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Kondo Effect in Quantum Dots
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Universal Scaling

( )2
0/ ln max[ / ]KG G T T−∝

( )1/ 2 0
0

1 exp
2K

UT U
U

επε +⎛ ⎞= Γ ⎜ ⎟Γ⎝ ⎠
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Focusing and Magnetic Control
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Self-assembled quantum dots

Molenkamp et al (2005)Govorov (2005)
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Quantum Corals
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H.Manoharan et al,  Nature 403, 512 (2002)



14-Mar-07 Carbon Nanotubes 30



14-Mar-07 Carbon Nanotubes 31

Molecular Transistors
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Ferrocene ( )5 5 2
Fe C H
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Cerocene ( )8 8 2
Ce C H

COT = C8H8
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Ytterbocene

Cp* = C5Me5, bipy = (NC5H4)2]
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Fullerenes

H.Park et al, Nature 2000
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Transition metals inside fullerens
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Transport through molecular transistors
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Nano Electro Mechanics
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Nanoelectromechanical shuttling. Schematic concept

More complicated object à la H2 molecule:

(NEMS)
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Nanotube peapods: C60 @ CNT
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