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Six-dimensional integro-differential equation for f(r, p, t). 
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collision integral 
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RTA 
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See Lundstrom:  pp. 139-141.   The RTA can be justified 
when the scattering is isotropic and/or elastic in which 
case the proper time to use is the Òmomentum relaxation 
time.Ó 
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RTA (ii) 

 
f0

!
p( ) =

1

1+ e EC +E
!
p( )! EF"# $%kBT

&e
EF ! EC ! E

!
p( )"# $%

kBT

even in momentum 
ÒsymmetricÓ 

 f0

!
p( ) = f0 − !

p( )

 
fS

!
p( ) =

1

1+ e EC +E
!
p( )! Fn"# $%kBT

&e
Fn ! EC ! E

!
p( )"# $%

kBT

 

öCf = !
f

!
p( ) ! fS

!
p( )

" f

#

$
%

&

'
( = !

fA

!
p( )

" f

 f
!p( ) = fS

!p( ) + fA
!p( )

odd in momentum 
Òanti-symmetricÓ 

 fA

!
p( ) = ! fA !

!
p( )



Lundstrom ECE-656 F09 
7 

RTA (iii) 
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BTE 
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solution 
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current 
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alternative solution method 
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alternative solution method (ii) 
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alternative solution (iii) 
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diffusion 
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diffusion 
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drift + diffusion 

! x == " Dn

1
n

#n
#x ! x = " µnE x

Jnx = ! nq " x = ! nq " x drift
+ " x diff( )

Dn µn = kBT q
Jnx = ! nq " x = nqµnEx = qDn dn dx

µn = q! 0 m*

But what if the scattering time is not constant? 



Lundstrom ECE-656 F09 19 

outline 
1)  The RTA 

2)  Solving the BTE:  drift 

3)  Solving the BTE:  diffusion 

4)  Energy-dependent scattering time 

5)  Relation to Landauer 

6)  Discussion 

7)  Summary 

20 

BTE solution 
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energy-dependent tau 
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energy-dependent tau 
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1D transport:  BTE 

 
fA = ! q !

" f0

"E
#
$%

&
'(

) x* f( )E x

I x =
1
L

(! q)" x
kx

# fA =
1
$

(! q)" x
! %

+%

& fA dk

 
I x =

2q2

h
2υxτ f( ) −

∂f0

∂E
⎛
⎝⎜

⎞
⎠⎟

0

+∞

∫ dE
⎧
⎨
⎩⎪

⎫
⎬
⎭⎪
E x

 
I x =

2q2

h
λ E( ) −

∂f0

∂E
⎛
⎝⎜

⎞
⎠⎟

0

+∞

∫ dE
⎧
⎨
⎩⎪

⎫
⎬
⎭⎪
E x ! E( ) = 2" x#f



Lundstrom ECE-656 F09 
25 

BTE !  Landauer 
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So the BTE gives the same answer as 
the Landauer approach in the diffusive 
limie -  providing that we properly 
define the mfp . 
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why does mfp = 2 v tau? 
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between backscattering events is 2! 
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multiple scattering mechanisms 
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MathiessenÕs rule 
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ellipsoidal bands 
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