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Conductance Quantization

ÅOne-dimensional ballistic/coherent transport

ÅLandauer theory

ÅThe role of contacts

ÅQuantum of electrical and thermal conductance

ÅOne-dimensional Wiedemann-Franz law

1

© 2009 Eric Pop, UIUC ECE 598EP: Hot Chips

ñIdealò Electrical Resistance in 1-D

ÅOhmôs Law: R = V/I [Ý]

ÅBulk materials, resistivity ɟ: R = ɟL/A

ÅNanoscale systems (coherent transport)

ïR (G = 1/R) is a global quantity

ïR cannot be decomposed into subparts, or added up from pieces
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ÅRemember (net) current Jxå xĬnĬv where x = q or E

ÅLetôs focus on charge current flow, for now

ÅConvert to integral over energy, use Fermi distribution
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Charge & Energy Current Flow in 1-D
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Net contribution
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Conductance as Transmission

ÅTwo terminals (S and D) with Fermi levels µ1 and µ2

ÅS and D are big, ideal electron reservoirs, MANY k-modes

ÅTransmission channel has only ONE mode, M = 1
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Conductance of 1-D Quantum Wire

ÅVoltage applied is Fermi level separation: qV = µ1 - µ2

ÅChannel = 1D, ballistic, coherent, no scattering (T=1)
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Quasi-1D Channel in 2D Structure
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van Wees , Phys. Rev. Lett . (1988)
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Quantum Conductance in Nanotubes

Å2x sub-bands in nanotubes, and 2x from spin

ÅñBestò conductance of 4q2/h, or lowest R = 6,453 Ý

ÅIn practice we measure higher resistance, due to 

scattering, defects, imperfect contacts (Schottky barriers)
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Javey et al., Phys. Rev. Lett . (2004)

L = 60 nm
VDS = 1 mV
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Finite Temperatures

ÅElectrons in leads according to Fermi-Dirac distribution

ÅConductance with n channels, at finite temperature T:

ÅAt even higher T: ñusualò incoherent transport (dephasing

due to inelastic scattering, phonons, etc.)
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Where Is the Resistance?
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S. Datta , ñElectronic Transport in Mesoscopic Systemsò (1995)
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Multiple Barriers, Coherent Transport

Å Perfect transmission through resonant, quasi-bound states:
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Å Coherent, resonant transport

Å L < Lū (phase-breaking length); 

electron is truly a wave


