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Datta’s generic model for a nanodevice
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http://www.nanohub.org/courses/cqt
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outline

1) Introduction
2) Bottom-up approach
3) The ballistic MOSFET
4) Treatment of scattering
5) Summary

4

Gate

D(E !U )

!
2

generic model

S. Datta,  Quantum Transport:  Atom to Transistor, Cambridge, 2005
                (“Concepts of Quantum Transport”  nanohub.org)
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filling states from the left contact
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filling states from the right contact
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steady-state
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steady-state electron number, N(E)
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steady-state electron number, N 
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results
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final results

ID =
2q
h

! " #D E $U( ) f1 $ f2( )dE%

!
1
= !

2
= !

N =
D E !U( )

2
f
1
E( ) + f

2
E( )"# $%dE&

!D E "U( ) =
D E "U( )

2



7

13

outline

1) Introduction
2) Bottom-up approach
3) Applications
4) The ballistic MOSFET
5) Summary
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current in 1D
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modes in 1D
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conductance in 1D
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current in 2D
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current in 2D
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current in 2D
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diffusive current in 2D
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base transit time
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diffusive current in 2D
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diffusive current in 2D
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outline

1) Introduction
2) Bottom-up approach
3) Applications
4) The ballistic MOSFET
5) Summary
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“top of the barrier model”
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MOSFET current
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summary

I D =
2q
h

! " #D E $U( ) f1 $ f2( )dE%
!
1
= !

2
= !

N =
D E !U( )

2
f
1
E( ) + f

2
E( )"# $%dE&

 

! =
!

"
=

! D! B

! D + ! B

! " #D E $U( ) = T(E)M (E)

T E( ) =
! D

! D + ! B

M E( ) = !
B
" #D U( )



15

29

summary

ID =
2q

h
! " #D E $U( ) f

1
$ f

2( )dE%

ID =
2q
h

T (E)M (E) f1 ! f2( )dE"

or

?

30

molecular-scale MOSFETs

(Texas Instruments, 1997) Avik W. Ghosh, Titash Rakshit, and
Supriyo Datta, “Gating of a Molecular
Transistor:  Electrostatic and
Conformational,” Nano Lett., 4, 565-
568, (2004).
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