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Lecture  contents  

• Other scattering mechanisms 

– Piezoelectric 

– Optical non-polar phonons 

– Optical polar phonons 

– Ionized impurities 

– Neutral impurities 

– Alloy  
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• Compound semiconductors with lack of 

inversion symmetry 

• Interaction through polarization 

[electromechanical tensor times strain tensor]: 

 

• Acoustic phonon scattering: almost elastic 

• Interaction increases at low q-vectors (due to 

electrostatic interaction: 

 

• Scattering time: 

 

• Mobility will be affected by phonon density: 

Scattering mechanisms: Piezoelectric scattering 

From Balkanski and Wallis, 2003 

21Ek 

21)(  kT

 






 ˆˆ
44

 mpzpz eP

q
eH

pz

pz






NNSE618  Lecture #13 

3 

• Continuity equation without sources: 

 

 

• Poisson equation (field divergence due to 

uncompensated charges)   

 

 

• Debye or dielectric relaxation time: 

 

 

• Debye screening length (diffusion during D) 

 

Range of long wavelengths of phonons 

which scatter carriers is determined 

by Debye screening length LD 

Debye screening length 
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• Piezoelectric acoustic phonon 

scattering rate decreases with electron 

energy (small q-vector of phonons 

involved) 

 

• Due to screening of long-range field 

by carriers, very long-wavelength 

phonons are ineffective for scattering 

 

• Range (2/q0) is determined by Debye 

screening length LD 

Piezoelectric  scattering by long-wavelength  

acoustic phonons  

From Yu and Cordona, 2003 

Rate of piezoelectric acoustic phonon 

scattering on energy  
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• Inelastic = scattering with significant energy 

transfer 

 

• Different scattering rate of events with absorption 

and emission of phonons 

 

• Two mechanisms: deformation potential and 

Frohlich (polar optical) 

 

• Nonpolar optical phonons: Deformation potential 

scattering 

 

• Though no long-range (macroscopic) distortions  

are generated as in acoustical phonons, the 

“microscopic distortions” within a unit cell affect 

the band structure. 

• Interaction via  “optical deformation potential”  

 

 

• Very similar to acoustic deformation potential 

with different parameters   

 

• In case  

 

Scattering mechanisms: Optical phonons 

From Singh, 2003 
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From Yu and Cordona, 2003 
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• Polar optical phonon scattering is due to 

scattering by polarization field generated 

by optical phonons (Frölich interaction) 

 

 

 

 

• Similar to piezoelectric acoustic phonon 

scattering:  

 

 

 

 

 

 

 

• At high temperatures 

 

 

Scattering mechanisms: polar optical phonons 

From Singh, 2003 

21Ek 

Scattering rates of polar optical and acoustic 

phonons in GaAs at room temperature 
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• Polar optical phonon scattering is dominant 

at room temperature in high-purity III-V’s 

 

Scattering mechanisms: polar optical phonons 

From Balkanski and Wallis, 2000 

Experimental and theoretical (polar optical  

phonon scattering) results on  ultrapure GaAs 

mobility 

From Yu and Cordona, 2003 
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Temperature dependence of mobility in n-type Si.   

Experimental and theoretical results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   A -  intravalley acoustic phonon scattering 

190K intervalley scattering by 2x 16mev TA phonons  

630K intervalley scattering by 54mev LO phonons  

Intervalley carrier scattering 

From Yu and Cordona, 2003 
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Ionized impurity scattering: elastic (no 

energy change in the scattering event) 

 

 

Carriers with lower energy are scattered 

stronger  

 

 

Ionized impurity scattering is usually 

the dominant mechanism at low 

temperatures 

 

 

 

Scattering mechanisms: ionized impurities 

From Singh, 2003 

23E Mobility of carriers in Si and GaAs at 
room temperature (slope is determined 

by ionized impurity scattering) 

23)(kT

High Low 

~ 50 ºK 



NNSE618  Lecture #13 

10 

Scattering rate can be derived from 

“collisions of carriers with defect 

centers” : 

 

 

 

 

Relaxation time does not depend 

on energy and averaging procedure 

is not needed. 

 

 

 

 

 

 

Scattering of electrons and holes 

can be different . 

 

 

 

Scattering mechanisms: neutral impurities 

From Seeger, 1973 
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• Interaction with field generated due to 

fluctuations of atomic potential 

 

 

Scattering probability does not depend on 

k-vectors and therefore, on electron 

energy (x is a composition of alloy) 

 

The strongest scattering at x = 0.5 

 

Averaging over the density of states : 

 

 

Scattering mechanisms: alloy scattering 
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From Singh, 2003 
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Mechanisms of carrier scattering 

From Kalashnikov, 1977 

Temperature dependence of drift mobility  
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Field due to displacement in electron plasma 

(relative to ions) 

 

 

Motion equation: 

 

 

 

Solution: Oscillations with plasma frequency 

Plasma waves (plasmons) 
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From Singh, 2003 


