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electron-phonon scattering
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ADP scattering
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ODP scattering
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Lundstrom, pp. 84 – 86 for momentum and 
energy relaxation rates.
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POP scattering
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POP scattering
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Requires phonons with 
momentum near the zone 
boundary.

“intervalley phonons”
ω if ,βif ≈ constant
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IV scattering (GaAs)
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IV scattering (GaAs)
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ODP scattering
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Number of final valleys:  Zf
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IV scattering (GaAs)
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L-L and L-Γ IV scattering (GaAs)

Γ valley constant 
energy surface. L valley constant 

energy surfaces.

Γ→ L

L→ L

L→ Γ
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Γ→ L : Zf = 4 ∆E fi = 0.3 eV

L→ L : Zf = 3 ∆E fi = 0 eV
L→ Γ : Zf = 1 ∆E fi = −0.3 eV

Compare rates:

1 τΓ→Γ (POP)

1 τΓ→L

1 τ L→L

1 τ L→Γ
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velocity vs. electric field:  GaAs
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equivalent IV scattering (Si)
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* = 0.9m0
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Si conduction band

ky

kz
“g-type scattering”

“f-type scattering”

g-type : Zf = 1 ∆E fi = 0 eV

f -type : Zf = 4 ∆E fi = 0 eV
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equivalent IV scattering (Si)
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Si conduction band
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Important at room temperature in Si
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velocity vs. electric field:  Si

↑
υ

cm s

107

 E V cm →103

GaAs

Si

(electrons)



17

about holes
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silicon
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Valence band is complex 
(warped) and can be engineered 
by strain.
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key questions

1) What is the total scattering rate vs. energy for 
common semiconductors?

Γ =
1
τ ii

∑

2) How do covalent semicondictors (e.g. Si, Ge) 
differ from polar semiconductors (e.g. GaAs, InP, 
InGaAs, ZnSe)?
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model bandstructure (for analytical calculations)
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covalent vs. polar semiconductors
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Si, covalent, indirect bandgap

energy bands

For any wavevector, k, there is an infinite set of eigenenergies, ( )nE k
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“full band” scattering rates

[1] Massimo V. Fischetti, Monte Carlo Simulation of Transport in 
Technologically Significant Semiconductors of the Diamond 
and Zinc-Blende Structures-Part I: Homogeneous Transport,” 
IEEE Trans. Electron Dev., 38, pp. 634-649, 1991

Lundstrom ECE-656 F09

For a good, general reference on the numerical evaluation of 
scattering rates in common semiconductors, see:

[2] M. V. Fischetti, N. Sano, S. E. Laux, and K. Natori, “Full-
bandstructure theory of high-field transport and impact 
ionization of electrons and holes in Ge, Si, GaAs, InAs, and 
In0.53Ga0.47As,” unpublished manuscript., January 3, 2001.
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electrons and holes in Si

[2] Figures provided by Massimo V. Fischetti, October, 2009.
Lundstrom ECE-656 F09
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electrons in Si

[1] Massimo V. Fischetti,” IEEE Trans. Electron Dev., 38, pp. 634-649, 
1991

Lundstrom ECE-656 F09
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electrons and holes in GaAs

Lundstrom ECE-656 F09

0      1        2       3       4      5  
Energy (eV)

conduction band

DOS: [1] M. V. Fischetti,” IEEE Trans. Electron Dev., 38, pp. 634-649, 1991
Scattering rate:  [2] Provided by M. V. Fischetti, October, 2009)
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electrons in GaAs

[1] Massimo V. Fischetti,” IEEE Trans. Electron Dev., 38, pp. 634-649, 1991.
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long and short range Coulomb effects
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binary e-e scattering
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binary e-e scattering rate
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Important when n > ~ 1017 cm-3
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(a very difficult problem to solve)



Lundstrom ECE-656 F07 32

collision integral

Assume a non-degenerate semiconductor:
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The probability for a transition and its inverse are equal (see. eqn. 
(2.100) p. 90 of Lundstrom)
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Eventually the electron system comes into equilibrium – every in-
scattering is balanced by a corresponding out-scattering and…

( ) ( ) ( ) ( )2 2f p f p f p f p′ ′=
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“equilibrium” solution”

( ) ( ) ( ) ( )2 2f p f p f p f p′ ′=
   

For a solution, try: ( ) 2Kpf p e=


( ) ( ) ( ) ( ) ( ) ( )2 2 2 2
2 2

2 2
K p p K p pf p f p f p f p e e

′ ′+ +′ ′= → =
   

True because energy is conserved.

The average energy per carrier for an equilibrium Maxwellian is 3kBTL 2

When the electron system is out of equilibrium with the lattice, then 
the average energy per carrier can be written as: 3kBTe 2

Te > TL
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e-e scattering

When e-e- scattering dominates, electrons exchange energy among 
themselves and an equilibrium shape (Maxwellian or Fermi-Dirac) 
distribution is established. 

The electron temperature, however, may be quite different from the 
lattice temperature.

To first order, electron-electron scattering does not lower the mobility, 
because the total momentum of the electron system is conserved, but 
there can be an indirect effect because the shape of the distribution 
affects the average scattering rate for other scattering processes. 

( ) 2 2 B ep mk Tf p e∝
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scattering in semiconductors

defects

• ionized impurities
• neutral impurities
• dislocations
• surface roughness
• alloy

carriers

• electron-electron
• electron-plasmon
• electron-hole

phonons

• intravalley
-ADP
-ODP
-POP
-PZ

• intervalley
-acoustic
-optical

screening screening
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