ECE 656: Electronic Transport in Semiconductors Fall 2017

Boltzmann
Transport Equation

Mark Lundstrom

Electrical and Computer Engineering
Purdue University
West Lafayette, IN USA

sEoNCN 10/2/17 PURDUE

nanoHUB.orq



Outline

1) The distribution function
2) The BTE
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f(r, k, 1)

Probability that a state is occupied.

o [f(xk,t)
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Distribution function

What is the probability that a state is occupied?

1
Answer: in equilibrium: fo(x,kx)= (E-E, )k,
1+e" 77
1
ECE 606 Answer: f(x,kx,t) T (R ()T
l+e "7
Generally: f(x.k 1)
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From the distribution function

Electron density: n(x,t) = éz,f(x,/?,t)
K
Electron current density: Jnx(x,t) = éZ(—Q)Uxf(X»EJ)
k
éZEkf(x k t)

Kinetic energy per electron: u(x,t) =

etc....
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Goals for the next few lectures

1) Find an equation for f(r, p, t) out of equilibrium

2) Learn how to solve it near equilibrium

Later on in the course, we will learn to solve the
equation under far-from-equilibrium conditions.
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Outline

1) The distribution function
2) The BTE
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p. =hk

X X

7

Trajectories in phase space

! T(t) = [x(1), p, ()]

nk (t)=nk (0)+ j—qu(t’)dt’

x(t)=x(0)+ [o,(t)dt" v (1)= d(O;E

ERN
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Continuity (bookkeeping) equation
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Another continuity equation

4 a )
o = in-flow - out-flow + G- R
ot
\_ J
generation
in-flow

—

J
a—pz—V- £+G,—R
ot q p p

recombination
Vo
\

VAl /

out-flow
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Continuity equation for f

J Jop dJ, dJ
P_vileyg g L=_Tr Z»,.(G_R
ot q T ot dx  dy +( i p)
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Continuity (bookkeeping) equation

in-scattering «S(p/ — p,)

out-scattering o< S(px — P;)
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Continuity equation for f

or ot

"

“Slow” recombination-
generation processes.
Can be important, but we
will ignore in this class.

Lo oro() ¥

4 )

g 20(%)

\_ y,
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ot

+6-Vrf+17“eovpf=a—fj
coll

Boltzmann Transport Equation (BTE)

o _
F =—qt —qux B
o . o . O .
V= 249 5.9
4 axx+8yy+azz
o . Jd . I .
oS . D, P, D, . P.
p=hk
-
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BTE

- D
aa—f+6-Vrf+13;°fo= Cf
. : o
df A : : -
E = Cf = 1n-scattering - out-scattering
coll

“collision operator”
“collision integral”

Time-dependent and six dimensional. The
collision integral also makes it nonlinear.
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ot

Questions?

+0V f+FEV f=Cf
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