
nanoHUB.org

Supriyo Datta

online simulations and more

Network for Computational Nanotechnology

Nanodevices and Maxwell’s Demon
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For a detailed write-up of this lecture 
See arXiv:condmat/0704.1623
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Top-down view
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Bottom-up view
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Equilibrium Energy Level Diagram
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What makes electrons flow?
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Current through a 1-level conductor
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Importance of electrostatics
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Importance of electrostatics
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Electrostatics of a Nanotransistor
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Conductance: for any DOS, D
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Current versus voltage
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Current versus temperature
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Molecular Thermoelectricity

Experiment:
Reddy, et al., Science, 315 16 March, 2007. 
Theory:
Paulsson and Datta,  PRB 67, 241403 (2003),
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From  ballistic to diffusive transport
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Maxwell’s demon as an energy conversion device
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Anti-parallel (AP) Spin Valve
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Perfect AP with Spin-flip Impurities
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Perfect AP with Spin-polarized gate
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Current at zero voltage ! !
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Device as a “demon”
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Where did the energy come from?

ChannelSource Drain ChannelSource Drain

Answer: From the contacts
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Second law ?

ChannelSource Drain ChannelSource Drain

S = 0 S = Nk ln 2

Energy upto may be extracted   TΔS

S = k ln W



nanoHUB.org

Supriyo Datta

online simulations and more

Network for Computational Nanotechnology

Resetting the demon takes energy
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Nanomagnets : Bistable demons
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Nanoscale heat engine
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Nanoscale Refrigerator
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Back to the unified viewpoint
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Quantum Transport far from Equilibrium
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Reference:
For a detailed write-up see
arXiv:condmat/0704.1623
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Correlated/Entangled “demon”
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