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Experiments : Transport in nanostructures

Atomic wire Molecule Nanotube

Conductance (2g2 ) @

H.Ohnishi, Y.Kondo, K. Takayanagi, J.Chen, M.A.Reed, A.M.Rawlett, S.J.Tans, M.H.Devoret, H.Dal, A.Thess,
Nature 395 780 (1998) JM.Tour, Science 286 (1999) 1550 R.E.Smalley, L.J.Geerligs, C.Dekker,
Nature 386 (1997) 474
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First-Principles Quantum Transport Calculation with
Lippmann-Schwinger Equation

LDOS and current density distributions of Al atom wires Al AL Al

2V (Ef)

Potential drop 2V

N.Kobayashi, M.Aono, M. Tsukada, PRB 64 121402R (2001) E.Scheer et.al. PRL 78 3535 (1997)




First-Principles Quantum Transport Calculation
Non-Equilibrium Green’s Function Method with Localized Basis Set
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Time-Dependent Wave-Packet Diffusion Method
CNT Field Effect Transistor (FET)
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H.Ishii, N.Kobayashi, K.Hirose, PRB76 205432 (2007): Appl. Phys. Express 1 123002 (2008)
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First-Principles Quantum Transport Calculation with
Lippmann-Schwinger Equation

Density Functional Theory (DFT)

Local density approximation (LDA)

L ippmann-Schwinger Equation

W(r)=WO(r)+ [ drdr"G(r,r \V(r',r ¥ (r")
L aue representation

Y, (r,, z,) =exp(ik, 'r//)z exp(iG, 1)y, (G, - z,)

Probability current density "
2 *
1(r) = oy jdklm‘P (r)V¥(r)

Norm-conserving nonlocal pseudopotential

N.Kobayashi, M.Aono, M.Tsukada, PRB 64 121402R (2001)
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First-Principles Quantum Transport Calculation with
Lippmann-Schwinger Equation

bimetallic electrode system
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Lippmann-Schwinger equation
W (r)=""(r)+ j dr'dr" G (r.r) V(" r")'H(r")
matrix Eq. CY =WY0

Basis: 2D plane waves 1D real mesh

N.Kobayashi, M.Aono, M.Tsukada, PRB 64 121402R (2001)
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Quantum Transport in Si Atom Wire

Effective Potential, Electron Density and Current Density
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Potential Drop in X-Z plane(3v-0V)
H.Kusaka, N.Kobayashi, J. Vac. <ci. Technol. B 27 (2009) 810
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Quantum Transport in Si Atom Wire

Electron Densit\§< Local Density of States
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Three channels contribute to transport in Si atom wire.
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Parallel Computing on PACS-CS, T2K

PACS-CS
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