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miscellaneous topics 

1)  Quantum confinement and effective mass 

2)  Bulk 1D transport and mfp 

3)  Periodic vs. Box boundary conditions 

4)  Thermal velocities 

5)  ÒBallistic mobilityÓ 
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quantum confinement and effective mass 
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quantum confinement and effective mass 
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quantum confinement and effective mass 
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1D diffusive transport:  ÒbulkÓ 

I x = !
2q2

h
T(E) !

" f0

"E
#
$%

&
'(

dE
)1

*

+
,
-
.

/.

0
1
.

2.
VD 3 !

2q2

h
T EF( )V

I x !
2q2" EF( )

h
#

V
L

$
%&

'
()

 
I x !

2q2

h
" EF( )E x#$ %&

T EF( ) !
" (EF )

" (EF ) + L
!

" (EF )
L (diffusive) 

In 1D, the diffusive current is the 
quantum conductance times the volt 
drop across one mean-free-path. 



periodic vs. box boundary conditions 
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periodic boundary conditions 
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periodic boundary conditions 
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thermal velocity 

10 

 

! + =

1
"

! k f0
kx >0,ky ,kz

# Ek( )

1
"

f0
kx >0,ky ,kz

# Ek( )
cm/s = !! T

υT =
2kBT
π m*

ηF << 0( )

Lundstrom ECE-656 F09 
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Richardson velocity 



rms thermal velocity 

E ! EC =
3
2

kBT

E − EC =
1
2

m* υ2

E − EC =
1
2

m*υ2 E( )

1
2

m* ! 2 =
3
2

kBT

! 2 1/2
= ! rms =

3kBT
m* " ! T =

2kBT
# m*

11 Lundstrom ECE-656 F09 

Òballistic mobilityÓ 
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(M.S. Shur, IEED EDL, Sept. 2002) 
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questions 


