
Lundstrom EE-656 F09 

ECE-656: Fall 2009  

Lecture 17: 
BTE and Landauer 

Professor Mark Lundstrom 
Electrical and Computer Engineering 

Purdue University, West Lafayette, IN USA 

1 

Lundstrom EE-656 F09 2 

acknowledgement 

This lecture is based on a recent paper by Changwook 
Jeong, a Ph.D. student at Purdue University.  The paper is 
available at http://arxiv.org/abs/0909.5222  

The author would also like to acknowledge several 
illuminating discussions with Prof. S. Datta. 



Lundstrom EE-656 F09 3 

outline 

1)  BTE review 

2)  Transport Distribution 

3)  Connection to Landauer 

4)  Modes 

5)  Mean-free-path 

6)  Summary 

Lundstrom EE-656 F09 4 

BTE 

The steady-state, near equilibrium BTE in the Relaxation 
Time Approximation is: 
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solution to the s.s., near eq. BTE 
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solution to the s.s., near eq. BTE 
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solution to the s.s., near eq. BTE 
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transport parameters (isotropic) 
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These three expressions 
involve a similar sum (or 
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transport parameters in k-space 
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inverted equations 
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integration over energy 

In the Landauer approach, we integrate over energy  channels 
rather than summing over k-space.  (The advantage is that even for 
materials with no E(k), we can compute the IV) 
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converting k-space sums to energy integrals 
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converting k-space sums to energy integrals 
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transport parameters in energy-space 
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transport parameters:  Landauer 
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BTE and Landauer 
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derivation 
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average velocity, 1D 
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parabolic bands, 2D 
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parabolic bands, 2D 
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recall from Lecture 4 
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parabolic bands, 3D 
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so where are we? 
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derivation 
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derivation (ii) 
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modes:  1D 
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modes:  2D 
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modes:  3D 
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an alternate view 
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interpretation 
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Consider a 2D conductor with 
transport in the x-direction.  Then 
the sum is simply the number of 
k-states in the transverse 
direction with energy less than E. 
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mean-free-path 

! E( ) " 2
#x

2$f

#x

Note that this is an ÒaverageÓ over angle at a specific energy, E. 

The double braces are to help remember that this is a 
specially-defined Òaverage.Ó 

If we work this out in 1D, 2D, and 3D for parabolic energy bands. 
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example:  mean-free-path in 2D 
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key results 
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key results 
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