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What  makes elect r ons f low?
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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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Where is the power dissipated ?
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Device to ÒdemonÓ
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Current stops eventually É

ChannelSource Drain

Where did the energy come from ?

Answer: From the contacts
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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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P = 104

electrons

x (40 kT)

x 109 Hz

= 1 !W / switch

Nanoelectronics  Research
Initiative (NRI)

Launched by SIA & NSF

Objective: Explore
options for producing a

low power switch

Mark Lundstrom
Ashraf  Alam
Kaushik Roy

Gerhard Klimeck

Channel

Source Drain

V I

<---- L ---->Insulator

VG

Transistor



nanoHUB.org

Supr iyo Dat t a

online simulat ions and more

Network for Computat ional Nanotechnology

Why is the flow unidirectional ?
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S = 0S = Nk ln 2
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Ent r opy as a dr iving f or ce
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Entropy- driven  vs. dynamic processes
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Unif ied model f or  nanodevices

Diffusion

Boltzmann

ÒQuantum
BoltzmannÓ

<--- L - ->

0.1
mm

10 ! m

1 !  m

0.1 ! m

10 nm

1 nm

0.1 nm

Macr oscopic
dimensions

At omic

dimensions

 H

!  

" 1

!  

" 2

!  

µ1

!  

µ2

!  

" s

Nanowires , nanotubes, molecules É..

Switches, energy conversion, cooling É

ChannelSource Drain

Ho
t



nanoHUB.org

Supr iyo Dat t a

online simulat ions and more

Network for Computat ional Nanotechnology

Ent angled ÒdemonÓ

Channel DrainSource

* A * B

+
Entangled !

A
2 B2



nanoHUB.org

Supr iyo Dat t a

online simulat ions and more

Network for Computat ional Nanotechnology

ÒI t  is all about  t he cont act sÓ
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Feynman lectures, Vol.1, 46-8
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Single electron charging
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