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Conventional ApproachConventional Approach

Mobilities

1

n

∫

pE i Q[f ] d3k = −
〈 pE i

τp(E)

〉

= −q
〈uE i〉

µi(f)

Relaxation times

1

n

∫

E i Q[f ] d3k = −
〈 E i

τEi(E)

〉

= −
〈E i〉 − 〈E i〉eq

τi(f)

Relaxation time approximation
µi(f) ≈ µi(〈E〉) and τi(f) ≈ τi(〈E〉)

Common assumptions
µ1 = µ0 and τ1 = const
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First four moments of BTE

Highest order moment 〈E2〉
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3
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Six Moments ModelSix Moments Model

Next higher order model
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Anti-Symmetric PartAnti-Symmetric Part

Diffusion scaling of BTE, scaling parameter κ

Diffusion limit of BTE (κ � 1), neglect terms O(κ2)

Displacing the symmetric part

f(k) = fS(k− κkc) ≈ fS(k) −
∂f(k)

∂κ
· κkc, kc =

2
∑

i=0

kiE
i

Anti-Symmetric part must reproduce 〈uE i〉

fA(k) = fE(E)
2

∑

i=0

di(E) 〈uE i〉 · k

Coefficients di depend only on the even moments 〈E i〉



Scattering IntegralScattering Integral

Standard scattering rates (Fermi’s Golden Rule)
Phonon scattering (acoustic and intravalley)

Impurity scattering (Brooks-Herring)

Mobilities
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〈 pE i

τp(E)

〉
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µi

Relaxation times
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n
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E i Q[f ] d3k = −
〈 E i

τEi(E)
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= −
〈E i〉 − 〈E i〉eq

τi



ResultsResults

Bulk

Mobilities

0 1000 2000 3000 4000 5000
T

n
  [K]

0

50

100

150

200

250

300

350

400

µ-1
 [

V
s/

cm
2 ]

MC

SM

µ
0



ResultsResults

Bulk

Mobilities

0 1000 2000 3000 4000 5000
T

n
  [K]

0

50

100

150

200

250

300

350

400

µ-1
 [

V
s/

cm
2 ]

MC

SM

HM

µ
0



ResultsResults

Bulk

Mobilities

0 1000 2000 3000 4000 5000
T

n
  [K]

0

50

100

150

200

250

300

350

400

µ-1
 [

V
s/

cm
2 ]

MC

SM

µ
1



ResultsResults

Bulk

Mobilities

0 1000 2000 3000 4000 5000
T

n
  [K]

0

50

100

150

200

250

300

350

400

µ-1
 [

V
s/

cm
2 ]

MC

SM

HM µ
1



ResultsResults

Bulk

Mobilities

0 1000 2000 3000 4000 5000
T

n
  [K]

0

50

100

150

200

250

300

350

400

µ-1
 [

V
s/

cm
2 ]

MC

SM

µ
2



ResultsResults

Bulk

Mobilities

0 1000 2000 3000 4000 5000
T

n
  [K]

0

50

100

150

200

250

300

350

400

µ-1
 [

V
s/

cm
2 ]

MC

SM

HM

µ
2



ResultsResults

n+-n-n+ with LC = 100 nm
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ResultsResults

n+-n-n+ with LC = 100 nm

Mobilities
HM inaccurate in drain region
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ConclusionsConclusions

Problems of energy-transport model
Scattering integral difficult to model

Closure assumes heated Maxwellian distribution

Only average energy known about distribution function

Six moments model
Additional information about distribution function

Accurate description of distribution function

Transfer of microscopic models into macroscopic models

Accurate modeling of relaxation times and mobilities

Self-contained in contrast to energy-transport model
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