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Nanoelectronics

and the
meaning of resistance

1a,b: What and where is

the resistance?
2a,b: Quantum transport

3a,b: Spins and magnets

4a,b: Maxwell’s demon

5a,b: Correlations and entanglement
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Nanoelectronics and the meaning of resistance

Lectures 1a,b: 
Simple model
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Lectures 2a,b: 
Microscopic model

Lectures 3a,b: 
Include spin

Lectures 4a,b: 
Energy exchange 

and the second law

Lectures 5a,b: 
Beyond mean field 

theory
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R = V/I,  G = I/V
1 µm = .001 mm
1 nm = .001 µm
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Bottom-up view

LAG /σ=

2

1/ 25.8

( / )
K

G q h Dπ γ
Ω

=

A~D
L
v~ γ→

γ

L/A~D
L
2~ 2 γ→

γ DD ~ A L

0.1 mm

10 µm

1 µ m

0.1 µm

10 nm

1 nm

0.1 nm

Macroscopic
dimensions

I

V

<--- L --->

Atomic
dimensions

R = V/I,  G = I/V
3

γ /h

<--- L --->



online simulations and more

http://www.nanohub.org/courses/cqt
NCN

Supriyo Datta

Equilibrium Energy Level Diagram
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What makes electrons flow?
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Escape rate
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Current through ONE level
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** Maximum Conductance ?
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Conductance quantum
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Conductance quantum: experiment
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** Large conductors
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Ballistic channel
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Number of modes in a 1D channel
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Number of modes in a 2-D channel
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Quantum Point Contacts: Experiment
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Conductance quantum: experiment
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Quantum Point Contacts: Experiment
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Ballistic 2D channel
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** Driving term: f1 – f2
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TEMPERATURE  driven current
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Molecular “Seebeck Effect”

Experiment: Reddy, et al., Science,
315, 16 March, 2007.

Theory: Paulsson and Datta,  
Phys.Rev.B 67, 241403 (2003).

21



online simulations and more

http://www.nanohub.org/courses/cqt
NCN

Supriyo Datta

Why electrons flow from cold to hot .. sometimes
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Where is the heat (I2R) ?
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