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What makes electrons flow?
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Current through a very small conductor
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Single electron charging
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Conductance: The bottom line
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Ohm’s Law
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Where is the power dissipated ?

! 

Power =V I

! 

"

! 

"

{qV

! 

"

! 

"

Dissipation Dissipation

Dynamics

Newton’s law
Schrodinger equation

Thermodynamics

Contacts assumed
to remain in equilibrium

ChannelSource Drain

I
V

<---- L ---->



nanoHUB.org

Supriyo Datta

online simulations and more

Network for Computational Nanotechnology

Where is the power dissipated ?

! 

Power =V I

! 

"

! 

"

{qV

! 

"

! 

"

Dissipation Dissipation

ChannelSource Drain

I
V

<---- L ---->

! 

"

! 

"s!



nanoHUB.org

Supriyo Datta

online simulations and more

Network for Computational Nanotechnology

Spin Valves

Insulating substrate

ChannelSource Drain
Insulating substrate

ChannelSource Drain

Parallel (P)
Anti-parallel (AP)

Current

Voltage

P
AP

Perfect
AP

Source

Drain



nanoHUB.org

Supriyo Datta

online simulations and more

Network for Computational Nanotechnology

Perfect AP with Spin-flip Impurities

Current

Voltage

w/o spin-flip

with spin-flip

Insulating substrate

ChannelSource Drain
+ve

Spin
flip

DrainSource
+-

Spin
flip

DrainSource
-+



nanoHUB.org

Supriyo Datta

online simulations and more

Network for Computational Nanotechnology

Perfect AP with Spin-polarized gate

Insulating substrate

ChannelSource Drain

Voltage

+ve
Spin
flip

DrainSource
+-

Spin
flip

DrainSource
-+

Current



nanoHUB.org

Supriyo Datta

online simulations and more

Network for Computational Nanotechnology

Current at zero voltage ! !

ChannelSource Drain

Current

Voltage

-0.1 -0.05 0 0.05 0.1
-1

-0.5

0

0.5

1

N
or

m
al

iz
ed

cu
rr

en
t 

--
->

Voltage --->



nanoHUB.org

Supriyo Datta

online simulations and more

Network for Computational Nanotechnology

Device to “demon”
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Current stops eventually …
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Where did the energy come from ?
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Second law ?
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Resetting the demon takes energy
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Nanomagnets : Bistable demons
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NRI
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Why is the flow unidirectional ?
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Entropy as a driving force
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Entropy-driven  vs. dynamic processes
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Unified model for nanodevices
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“It is all about the contacts”
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“Even simple things .. work .. in
only one direction because it

has some ultimate contact with
the rest of the universe ..”

Feynman lectures, Vol.1, 46-8
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Single electron charging
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