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course announcements 
Monday   9/28/09:   L15:  Solving the BTE (B = 0) 

Wednesday  9/30/09:  L16:  Solving the BTE (B ! 0) 
    Exam 1 handed out 

Wednesday  9/30/09:  5:00PM ARMS 1010 
    L17:  BTE and Landauer 

Friday  10/2/09:  no class 

Monday  10/5/09:  no class 

Wednesday  10/7/09:  Exam 1 due 
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Exam 1: 

Take home exam Ð 10 questions 

Covers lectures 1-17 

Must be your work and your work alone 

Due at the beginning of class, Wednesday, 10/7/09 
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ECE-656: Fall 2009 

Lecture 15: 
Solving the BTE: 

General Solution for B = 0 

Professor Mark Lundstrom 
Electrical and Computer Engineering 

Purdue University, West Lafayette, IN USA 
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the BTE 
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1) 1, 2, and 3D with arbitrary bandstructures 

2)  Temperature gradients and electric fields 
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from lecture 14 

1)  Be able to write down the BTE in the RTA 

2)  Be able to solve it for small electric fields 

3)  Be able to solve it for small concentration gradients 

4)  Understand how to treat energy-dependent scattering, 
multiple scattering processes, ellipsoidal energy bands 
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outline 

1)  General solution 

2)  Current equation 

3)  Coupled current equations 

4)  The RTA 

5)  Summary 
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BTE 
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symmetric and anti-symmetric components 
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near eq., s.s BTE 
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moments 
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BTE solution 
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BTE solution 
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BTE solution 
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generalized force 
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from lecture 14 
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outline 

1)  General solution 

2)  Current equation 

3)  Coupled current equations 

4)  The RTA 

5)  Summary 
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electric current 
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indicial notation 
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conductivity tensor 
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conductivity tensor 
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electric current 

Ji = ! ij" j Fn q( )

1) non-degenerate conditions 

2) spherical, parabolic energy bands 

3) near-equilibrium 

4) RTA (power law scattering) 
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outline 

1)  General solution 

2)  Current equation 

3)  Coupled current equations 

4)  The RTA 

5)  Summary 
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electric current with temperature gradients 
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current equation in indicial notation 
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current equation 
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current equation 
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current equation 
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Seebeck coefficient 
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heat current 
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coupled current equations 

 Ji = ! 0E i + sg[ ]0
" iT

 Ji
Q = T sg[ ]0

E i ! K0" iT

Lundstrom ECE-656 F09 
32 

Wiedeman Franz / Lorenz 
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outline 

1)  General solution 

2)  Current equation 

3)  Coupled current equations 

4)  The RTA 

5)  Summary 
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collision integral and RTA 
öCf ! "

fS " fA

#f

The RTA can be rigorously justified for: 

a) non-degenerate semiconductors near-equilibrium 

b) isotropic scattering 

c) elastic scattering 

in which case, the characteristic time is the Òmomentum 
relaxation time.Ó 
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RTA:  comments 

See Lundstrom, Chapter 3, Sec. 5, pp. 139-141 for a 
derivation of the RTA from the scattering integral. 

But, the RTA is commonly used Ð even when it is hard to 
justify rigorously Ð because it is a reasonable 
approximation that produces reasonable results. 
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outline 

1)  General solution 

2)  Current equation 

3)  Coupled current equations 

4)  The RTA 

5) Summary 
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summary 

We have discussed the formal procedure for solving the 
BTE in the presence of small gradients in electrostatic 
potential, concentration, and temperature. 

The same procedure can be used in 1D, 2D, and 3D and 
for semiconductors with different E(k) and scattering 
processes. 

In the diffusive limit, the results are the same as those we 
obtain from the Landauer approach. 
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questions 

1)  General solution 

2)  Current equation 

3)  Coupled current equations 

4)  The RTA 

5)  Discussion 

6)  Summary 


