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The balance equation prescription 

  

∂n
∂t

= −∇ i

!
Jn

−q( )

    

∂
!
Jn

∂t
= 2q

3m* ∇W + nq2

m*

!
E −

!
Jn

τ m

    

∂W
∂t

= −∇
!
FW −

!
Jn

!
E −

W −W0

τ E

   

∂
!
FW

∂t
= ...

ß Terminate here and get 
the near-equilibrium DD 
or coupled current 
equations. 

ß Terminate here and get the 
energy balance equations. 
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Balance equation prescription 
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First two moments 

Lundstrom ECE-656 F17 

 φ
!p( ) = p0 = 1

  �

∂nφ
∂t

= −∇ �

Fφ +Gφ − Rφ

  �

∂n
∂t

= −∇ �
!
Jn

−q( )→ →

 φ
!p( ) = px

 

∂nφ

∂t
= −

∂Fφx

∂x
+Gφ − Rφ

   

∂Px

∂t
= −

∂ 2Wxx( )
∂x

− nqE x −
Px

τ m

→ →

   
Jnx = nqµnE x + 2µn

∂Wxx

∂x



 
5 

Wxx 

Lundstrom ECE-656 F17 

What is Wxx? 

Answer:  Write another balance equation to find out. 
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Wxx vs. W 
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In principle, mobility depends on the unknown distribution 
function, f. To first order, mobility is a function of the average 
kinetic energy. 
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Scattering rate vs. energy 
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Third moment 
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The balance equations 
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Energy flux balance equations 

Lundstrom ECE-656 F17 

 φ
!p( ) = E p( )υx

   
nφ (!r ,t) = 1

Ω
E !p( )( ) f !r , !p,t( )

!p
∑ = FW (!r ,t)

HW prob. 5.7 in FCT 

  
FWx = −WµEE x −

d DEW( )
dx

  
µE = 5

3
q

m* 1 τ FW

 
DE =

kBTe

q
µE

   
Jnx = nqµnE x +

2
3
µn

∂W
∂x

   

Jnx

−q( ) = nµnE x +
2
3
µn

∂W
∂x

 
Dn = +

kBTe

q
µn



 
11 

The energy balance equations 
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About temperature 

We are tempted to write: 
  
W x,t( ) = 3

2
n x,t( )kBTe x,t( )

Hot carrier transport when:  Te > TL

Can we be more precise? 
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Electron temperature 
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random thermal 
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Electron temperature 
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Electron temperature 
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Energy flux 
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The temperature balance equations 
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The energy balance equations 
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Questions 

Energy transport equations allow us to 
treat hot carrier in bulk 
semiconductors and non-local 
transport in devices. 
 
But there are many simplifying 
assumptions that are hard to justify in 
general. 
 
They provide a useful, qualitative 
understanding, but more rigorous 
technique is necessary.  


