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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
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Current through ONE level
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Quantum Theory ..
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One-level: Quantum Theory
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One-level: Quantum Theory

2
212

22

22
)E(

*ss)E(n

⎟
⎠
⎞

⎜
⎝
⎛ γ

+
γ

+ε−

=

2
i

2
i

E

s
21

2
γ

+
γ

+ε−
=ψ

*n ψψ=

N =
dE
2π∫ n(E) =

s2s2 *
γ 1 + γ 2

→ s2s2* = γ 2 f2

Source

2
21 s

2
i

2
i

E =ψ⎥⎦
⎤

⎢⎣
⎡ γ

+
γ

+ε−

µ2

/1γ

µ1

  γ2 /

compare N =
γ1 f1 + γ 2 f2

γ 1 + γ 2

0



online simulations and more

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

NCN
Supriyo Datta

Multiple sources: Superpose ?
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Two-levels: Quantum Theory
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Two-levels: Quantum Theory
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** From “wavefunction” to correlation function

[G] = EI − H − Σ1 − Σ2[ ] −1
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Spectral Function

[G] = EI − H − Σ1 − Σ2[ ] −1
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From two to N …

[G] = EI − H − Σ1 − Σ2[ ] −1

“Electron density”

(1)

(2)

“Density of states”

(3) A = GΓ2G+ + GΓ1G
+

A = i[G − G+]
Spectral
function

/1γ

µ1

 γ 2 /h

µ2

Γ1 = i [Σ1 −Σ1
+]

Γ2 = i [Σ2 −Σ2
+]

Correlation
function

Gn (≡ −iG<)

= ψ{ } ψ{ }+

  

ψ1

M
ψ N

⎧ 

⎨ 
⎪ 

⎩ 
⎪ 

⎫ 

⎬ 
⎪ 

⎭ 
⎪ 

ψ1
* L ψ N

*{ }

+

Γ

+

Γ

Σ+Σ= GGGGG
f

in

f

inn
2211 ][

2

][

1



online simulations and more

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

NCN
Supriyo Datta

Current
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Current .. (2)
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Adding “contacts” to Schrodinger equation ..
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ε → [H]
γ → [Γ] , [Σ]

n(E) → [Gn (E)]
D(E) → [A(E)]

Equations for coherent transport

Γ= i [Σ−Σ+] A = i[G − G+]“Density of states”
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** Localization and fluctuations

µ1 µ2

µ1 µ2

Current through two scatterers
>> current through one scatterer !!!

(at some energies)

Difficult to understand

in terms of particles

µ2
µ1
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R1 :
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Evolution: Bottom to Top

/1γ

µ1
µ2

 γ2 /

/1γ

µ1
µ2

 γ2 /

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

R2 > R1

R2 = R1

R2 can even be
less than R1

Coherent

Ballistic

Diffusive

Momentum
Relaxation



online simulations and more

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

NCN
Supriyo Datta

R2 > R1

R2 = R1

R2 can even be
less than R1

Coherent

Ballistic

Bridges: Bottom to Top **

Diffusive

Momentum
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Phase
Relaxation
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