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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: 
Add spin
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Differential Matrix equation
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** Electron spin <--> Photon polarization

Appl. Phys. Lett.
1990
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Spinor <--> Vector

z : cos θ
x : sin θ
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θ = π : "Orthogonal" θ = π /2 : "Orthogonal"
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dn : sin θ /2 e+iϕ / 2
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NEGF Model: 1 level

Γ1 = i [Σ1 −Σ1
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Spin: 1 --> 2 levels

2-
level
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“GMR” Device
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** Basis transformation
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Generalized “GMR” Device
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Including B-field in Hamiltonian
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What if B-field were along x ?
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B in x-direction, transformed back to z-basis

ˆ :zB B z=
1 0
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Pauli spin matrices
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** “Two-slit” interference
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“Two-slit” interference
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Closing a slit
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Spin interference
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“Looking” at a slit
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“Looking” at a slit .. more closely

1
0

⎛ 
⎝ ⎜ 

⎞ 
⎠ ⎟ 

0
1

⎛ 
⎝ ⎜ 

⎞ 
⎠ ⎟ 

1
1

⎛ 
⎝ ⎜ 

⎞ 
⎠ ⎟ 

1
−1

⎛ 
⎝ ⎜ 

⎞ 
⎠ ⎟ 

eika

eik'a

Bz

µ
2

µ1

B-field


	Nanoelectronics��and the�meaning of resistance�
	Nanoelectronics and the meaning of Resistance
	Differential  Matrix equation
	** Electron spin <--> Photon polarization
	Spinor <--> Vector
	NEGF Model: 1 level
	Spin: 1 --> 2 levels
	“GMR” Device
	“GMR” Device
	** Basis transformation
	Generalized “GMR” Device
	Including B-field in Hamiltonian
	What if B-field were along x ?
	B in x-direction, transformed back to z-basis
	Pauli spin matrices
	** “Two-slit” interference
	“Two-slit” interference
	Closing a slit
	Spin interference
	“Looking” at a slit
	“Looking” at a slit .. more closely

