
Contents

Part I Theory and Modelling

1 From Quantum Models to Novel Effects
to New Applications: Theory of Nanotube Devices
S.V. Rotkin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1 Introduction: Classical vs. Quantum Modelling . . . . . . . . . . . . . . . . 3
1.2 Classical Terms: Weak Screening in 1D Systems . . . . . . . . . . . . . . . . 5

1.2.1 Drift–Diffusion Equation
and Quasi–equilibrium Charge Density . . . . . . . . . . . . . . . . . 6

1.2.2 Linear Conductivity and Transconductance . . . . . . . . . . . . . 7
1.2.3 Numerical Results and Discussion . . . . . . . . . . . . . . . . . . . . . 9

1.3 Quantum Terms. I. Quantum Capacitance . . . . . . . . . . . . . . . . . . . . 11
1.3.1 Statistical Approach

to Calculating Self-Consistent Charge Density
in SWNT in Vacuum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.3.2 Green’s Function Approach for Geometric Capacitance . . . 15
1.3.3 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1.4 Quantum Terms. II. Spontaneous Symmetry Breaking . . . . . . . . . . 18
1.4.1 Splitting of SWNT Subband Due to Interaction

with the Substrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
1.4.2 Charge Injection due to the Fermi Level Shift . . . . . . . . . . . 21
1.4.3 Dipole Polarization Correction . . . . . . . . . . . . . . . . . . . . . . . . 23

1.5 Quantum Terms. III. Band Structure Engineering . . . . . . . . . . . . . . 25
1.5.1 Band Gap Opening and Closing in Uniform Fields . . . . . . . 26

1.6 Novel Device Concepts:
Metallic Field–Effect Transistor (METFET) . . . . . . . . . . . . . . . . . . . 29
1.6.1 Symmetry and Selection Rules in Armchair Nanotubes . . . 30
1.6.2 Gap Opening and Switching OFF: Armchair SWNT . . . . . 32
1.6.3 Switching OFF Quasi–metallic Zigzag Nanotube . . . . . . . . 33
1.6.4 Modulation of Ballistic Conductance . . . . . . . . . . . . . . . . . . . 34
1.6.5 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37



XIV Contents

2 Symmetry Based Fundamentals of Carbon Nanotubes
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