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Metallic and Semiconducting CN (Zigzag CN)
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[ Effective-mass scheme
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Effective—Mass Equation
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Electronic States of CN’s
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Effective—Potential
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[ Right- and left-going channels J
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[ Lowest Born Approximation J
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Gaussian Potential
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[ Magnetic Field
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[ Back scatterings in magnetic field
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Dependence on the Magnetic Field
Huge Positive Magnetoresistance
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T. Ando and T. Nakanishi, J. Phys. Soc. Jpn. 67,1704 (1998)
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4 N

Berry’s Phase
and Absence of Back Scattering

T. Ando, T. Nakanishi, and R. Saito, J. Phys. Soc. Jpn. 67,2857 (1998)

0.9 = 75 e

I Ws(k) — (k) exp(—igp)
- Berry’s Phase |

k i -k 3 Y d
i p=—1 /OT dt <¢3[k(t)] o ws[k<t>]> =
'Y -k - )

K RIO — 27] = —R[)

< = ——



You are free to use these slides, if correctly credited to the source. T. Nakanishi (http://staff.aist.go.jp/t.nakanishi/index-e.html) 20

[ Experiments J
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{ Experiments
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Impurity Potential in Carbon Nanotubes J

1. Metallic CN and Semiconducting CN
Linear dispersion

2. Absence of Back Scattering rf:,’:}f:f;
(Long-Range Potential)
Ballistic transport, Huge Conductivity
Berry’s Phase, Huge Positive Magnetoresistance

K'— kx ok
ok v K —> &k Kk

I:1,+0K — K

What is impurity?
Long-Range: Nano Particle, Metallic Particle, etc.,
Short-Range: Lattice Defects

- /
- Tight-Binding Model ~
T. Nakanishi, and T. Ando, J. Phys. Soc. Jpn. 68,561 (1999)

) 262 2

(OLandauer’s Formular G = - > |tmnl,
tmn © Transmission Coefficients {m,n} = {K, K}, {K' K},
rmn : Reflection Coefficients {K,.K'}, {K' K’}

Recursive Green’s Function Technique T. Ando: PRB42, 5626 (1990).
J
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Short Range Potential (d/a — 0)

T. Ando, T. Nakanishi, and R. Saito, Microelectronic Engineering, 47 (1999) 421
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Lattice Vacancy and Conductance Quantization at ¢ = 0
M. Igami, T. Nakanishi, and T. Ando, J. Phys. Soc. Jpn. 68,716 (1999)
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Fermi energy (units of £(1)) Fermi energy (units of £(1)) Fermi energy (units of &(1)) '
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Wave Functions at € =0

Tube axis

(b) Vacancy IV . tueads (C) Vacancy |l

— = Tube axis

(a) vacancy |

1. Vacancy I: three sublattice Kekulé pattern

point)

Standing Wave (K and K’

2. Vacancy IV: Large amplitude at B sites

no component on A sites (left-hand side)

3. Vacancy 1I: not disturbed by the vacancy
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Quantization Rule at ¢ =0

M. Igami, T. Nakanishi, and T. Ando, J. Phys. Soc. Jpn. 68 (1999) 3146
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[ Magnetic Field J
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Defects in Carbon Nanotubes
H. J. Choi, et al. PRL 84, 2917 (2000)

ab initio study on transport in CN with B and N
Point vacancy
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Topological Defects

R. Tamura, et al. PRB 56 (1997) 1404; 49 (1994) 7697
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Carbon Nanotube Junction
S. lijima, T. Ichihashi and Y. Ando, Nature (London), 356, 776 (1992).

=y

Y T 5.
=-1 012 3 4

R5 (A): five-membered ring R7 (B): seven-membered ring
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Conductance of CN Junctions (H = 0)

R. Tamura and M. Tsukada, PRB55, 4991 (1997).

2.0

— 1 1 _ T 1
L e Armchair CN(2<L7//3a<Ls//3a<98)
- m Zigzag CN(3<L/a<Lg/a<129)

Conductance exhibits a universal
1 power-law dependence on L;/L;

=
ol
I

Two-Mode Approx.
8L53L73/(Ls3+L73)2

— G x <L7/L5>3 for L5 > L7.

8(L7/Ls)® \

1 Effective-Mass Theory
Wave function decay linearly
1 H. Matsumura and T. Ando, J. Phy. Soc. Jpn., 67,
3542 (1998).
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CN Junction with Magnetic Field

T. Nakanishi and T. Ando, J. Phys. Soc. Jpn., 66, 2973 (1997)
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[ Conclusion
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[ Interesting Electronic Properties of Carbon nanotubes
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3. Linear dispersion
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[ Quantum transport in Carbon Nanotubes ]

1. Absence of Back Scattering for Long-Range Potential
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