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Initial and final states are plane waves !  assume that the overlap factor is 1. 
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scattering potential 
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screening 
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screening in 3D 

 
! 2V

!
r( ) = "

#
$ S%0

= "
q ND

+ " n
!
r( )&' ()

$ S%0

 n
!
r( ) ≈ ND

+ = n0

 V
!
r( ) = V0

 ! n
!
r( ) " n

!
r( ) # n0

 ! V
!
r( ) " V

!
r( ) # V0

 
! 2" V

!
r( ) = #

q
$ S%0

&n
!
r( )

&V
" V

!
r( )

 

1
LD

2 !
q

" S#0

$n
!
r( )

$V

 
n

!
r( ) = 1

Ω
f0!

k
∑ k( )

 
f0 k( ) =

1

1+ e
EC (

!
r )+E

!
k( )! EF( ) kBT

 

! n
!
r( )

! V
= q

! n
!
r( )

! EF

 

1
LD

2 !
q2

" S#0

$n
!
r( )

$EF



9 

screening in 3D 
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Debye length in 3D 
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comments on screening 

Lundstrom ECE-656 F09 

1)  Our semi-classical approach assumes that the potential is slowly 
varying on the scale of the electronÕs wavelength.  For rapidly varying 
potentials, a more sophisticated approach is needed.  (See Ashcroft 
and Mermin, pp. 340-343 for a discussion of the Lindhard theory.) 

2)  Our semi-classical approach also assumes that the potential is slowly 
in time.  (See Ashcroft and Mermin, p. 344 for a brief discussion.) 

3)  For potentials that vary rapidly in space and time, a Òdynamic 
screeningÓ treatment is needed.  (See chapter 9 in Ridley, Quantum 
Processes in Semiconductors, 4th Ed. and Chapter 10 in Ridley, 
Electrons and Phonons in Semiconductor Multilayers.) 

4)  Screening is generally less effective in 2D and in 1D.  (See  J.H. 
Davies, The Physics of Low-Dimensional Structures, pp. 350-356 
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transition rate and scattering potential 
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II scattering (Brooks-Herring) 
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Fourier transform of the screened Coulomb potential 
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Fourier transform (ii) 
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small angle scattering 
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II scattering of high energy carriers 
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II scattering:  recap 
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examine result 
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examine result 
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momentum relaxation time 
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momentum relaxation time 
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BH vs.CW 

Brook-Herring means Òscreened Coulomb scattering.Ó 

Conwell-Weisskopf means Òscreened Coulomb scattering.Ó 
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Conwell-Weiskopf approach 
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Conwell-Weiskopf approach 
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Conwell-Weisskopf approach 
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Conwell-Weisskopf approach 
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CW vs. BH 
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mobility 
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PN junction 
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screening 2D modulation-doped layers 

+ "  delta doped layer + + + + + + + + + + + + + + + + + + + + + 

GaAs 

AlGaAs 
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The heterojunction interface can 
be atomically smooth and at low 
temperatures, phonon scattering 
is absent, so scattering by remove 
impurities dominates.  
Extraordinarlly high mobilities (e.g. 
> 106 cm2/V-s) can be achieved at 
about T = 1K. 
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modulation-doped structures 

For a discussion of modulation doping, screening in 2D, 
and remote impurity scattering in 2D, see: 

J.H. Davies, The Physics of Low-Dimensional 
Semiconductors, Chapter 8, Cambridge Univ. Press, 
1998. 
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