Aharonov—Bohm Effects and Conductivity
in Carbon Nanotubes

Takeshi Nakanishi (AIST,ISSP,CREST) and
Tsuneya Ando (TIT)

» Introduction
» AB effect
» Absence of back scattering

> Effective flux for strain, curvature and
stress effects

»Boltzmann conductivity in carbon nanotubes
with magnetic flux in axis direction

»Impurity and electron—phonon scatterings
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Graphite and Chiral Vector

Chiral Vector:L = n,a+ nyb = (n,. ny), .)
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v = 0 metallic CN
v = +1 semiconducting CN




Metallic and Semiconducting CN (Zigzag CN)
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Aharonov—Bohm (AB) effect

H. Ajiki and T. Ando, JPSJ 62 (1993) 1255.
271
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Effective—Potential

T. Ando and T. Nakanishi, J. Phys. Soc. Jpn. 67,1704 (1998)

Effective-Mass Equation
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[ Right- and left-going channels
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Lowest Born Approximation

Q Inter-valley Scattering
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Absence of Back Scattering(d > a)
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Absence of Back Scattering(d > a)

T. Ando and T. Nakanishi, J. Phys. Soc. Jpn. 67,1704 (1998)
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Berry’s Phase
and Absence of Back Scattering

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

» Absence of back scattering
T. Ando and TN, JPSJ 67 (1998) 1704

» Long—range potential \V/
L

Diagonal effective potential
» Linear band in Metallic CN

» Short—-range potential
Off—diagonal effective potential
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Boltzumann Conductivity
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Strain (stretch, stress,etc) effects
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PRB 65 (2002) 235412 "



Effective flux of strain effect
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Effective flux of curvature effect

T. Ando: JPSJ 69 (2000)1757; 74 (2005) 777
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Effective flux
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Schematic View of Bands
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Method €

» Effective—mass scheme Aty /L
»Boltzmann Conductivity 10meV K
» Effective Potential

> Impurity: T. Ando and TN, JPSJ 67 (1998) 1704

> Phonon: T. Ando and H. Suzuura, JPSJ 71 (2002) 2753
» Strain, curvature and stress effects Q.
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Nanotubes with small gap

100 — 'wﬁé&g! »Peak in Conductivity
S wf e JO (L= 08) (LK, /27) <,
L 50 |
3 >y »k+: Charge Density
5 ©f ~ 7 »&: ratio of short-
e // | range potential
g or / 1 »Inavailable
S 1 magnetic field
8 | ~10T

: 6=0.01

glb—s e s 1 o i
0 1 2

Flux (units of ¢g)

Seminar in theory group, ISSP 18 Nov. 2005



Boltzmann Conductivity
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Peak In Conductivity
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Conductivity (units of e2L/2x2nW)
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Electron—Phonon Interaction

> Suzuura and Ando, PRB 65 (2002) 235412
» Effective—Mass Theory

» Continuum model for acoustic phonons

» Elastic scattering approximation

> (High temperature approximation)

» Boltzmann Conductivity
Relaxation time approximation

> C. L. Kane and E. J. Mele, PRL 78 (1997) 1932
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Effective Potential
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Semiconducting Nanotubes
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Intesity(A.U)

AB effect ;

J. Cao et al. (Stanford) FVVRRREG \
PRL 93, 216803 (2004) ° |
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Conclusion

» Boltzmann conductivity
In carbon nanotubes
with magnetic flux in axis direction

» Impurity and electron—phonon scatterings

» Prediction of an experiment to know
» strain, curvature and stress effects
> ratio of short— and long— range potential

> ratio of deformation potential and bond—length
change

» TN and T. Ando, JPSJ 74 (2005) 3027
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