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** Quantitative model
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Quantitative model
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Quantitative model: Introducing U 
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Current through ONE level
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“Gateless” conduction through ONE level
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Current through a 2-D conductor

µ2

V

μ1

Gate

A

BA

“Gateless”

6

B



online simulations and more

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

Supriyo Datta

Electrostatics of nanotransistors
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Electrostatics of nanotransistors

S   Channel  DInsulator
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Self-consistent field (scf) method
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** Single-electron charging
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Single-electron charging energy

11
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2 levels: SCF versus Exact
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Lectures 5
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Summary: Self-consistent field method
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** Where is the heat (I2R) ?
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Where is the voltage ?
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1 0
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Where is the voltage ?
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Voltage across a scatterer
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Where is the resistance?

Rb ≡ V /Ib
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Electrostatic Potential
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L   

Continuous scattering
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** “Landauer model”
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Newton’s law or
Schrodinger equation
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Contacts assumed
to remain in equilibrium
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Pure dynamics is not enough

Down > Up

“Unidirectionality”
does NOT follow from 
Schrodinger equation

22

  
ih ∂

∂t
ψ1

ψ 2

⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

=
ε1 0
0 ε2

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

ψ1

ψ 2

⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

ε1

ε2

  
ih

∂
∂t

ψ1

ψ 2

⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

=
ε1 a
a* ε2

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

ψ1

ψ 2

⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

Isolated

Interaction



online simulations and more

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

Supriyo Datta

Combining dynamic and “entropic forces”

1γ 2γ
μ2

μ1

γs

Newton’s law + “Entropic forces”
= Boltzmann Equation

Schrodinger equation
+ “Entropic forces” = NEGF

Schwinger, Keldysh, 
Kadanoff, Baym (1960’s)
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Long devices “Landauer devices” in series

1γ 2γ
μ'

μ1
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Nanoelectronics and the meaning of Resistance :

Lectures 1a,b: 
Simple model
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10 nm
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dimensions
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Atomic
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Lectures 2a,b: 
Microscopic model
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Materials

Semiconductors
Graphene / CNT

Molecules

…

1 µm = .001 mm
1 nm = .001 µm
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End of Lectures 1a,b
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