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Nanodevices and Maxwell’s demon
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Current through one level
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1-level: Wavefunction approach
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1-Level: Wavefunction approach
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Multiple sources
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2 levels: Wavefunction approach
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2 levels: Wavefunction approach
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From wavefunction to Green function
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Correlation function / Spectral function
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If all  matrices are diagonal …
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.. we obtain simple version of model

[ ]21
21

21 ffeI −
γ+γ

γγ
=

h

21

2211 ffF
γ+γ
γ+γ

=

γ 1 γ 2

D(E)
γ 1 γ 2

F

⎥
⎦

⎤
⎢
⎣

⎡
γ+γ
γ+γ

=
21

2211 ff)E(D)E(n

[ ]21
21

21 ff)E(DedEI −
γ+γ
γγ

=
h



nanoHUB.org

Supriyo Datta 12

online simulations and more

Network for Computational Nanotechnology

But all matrices need not be diagonal …
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Transforming matrices
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Spin as a “grid point”
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Calculating the current
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Numbers -> Matrices

Matrix version
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Electronic Maxwell’s demon
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Electronic Maxwell’s demon
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The nanoscale heat engine
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Incoherent transport: Matrix method
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Incoherent transport: Matrix method
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Hall effect
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Spin-Hall effect

Experiment:
Sih and Awschalom et.al.

PRL 97, (2006)

y position (µm)

Theory: Golizadeh-Mojarad and Datta, Spin-Hall Effect: 
From the Ballistic to the Diffusive Regime, Condmat 0703280
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Summary: Matrix method
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Coulomb blockade and strong correlation
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Correlated / Entangled “demon”
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Dynamic  vs. entropy-driven processes
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(2) Meir and Wingreen,
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Quantum Transport far from Equilibrium
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