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 L << le-ph L ~ le-ph L >> le-ph 
 L<λλ L < le-e  L >> le-e   

Transport Regime Quantum Ball istic Fluid Fluid Diffusive 
Scattering Rare Rare e-e (Many), e-ph (Few) Many 
Model: 
Drift / Diffusion 
Hydrodynamic 
Monte Carlo 
Schrod. / Green’s Function 

     

Applications Quantum wells 
Superlattices 

Ball istic 
Transistor 

Not much  
explored 

Not much  
explored  

Current ICs 

 
 
 
 
 

 

L = Characteristic Length Scale of film/device 
le-ph = Average Mean Free Path due to Electron /Phonon interaction 
le-e = Average Mean Free Path due to Electron /Electron interaction 
λ = Wavelength of Electrons. Typically λ∼ le-e << le-ph in the case of moderately doped semiconductors. 

 
Wave 

Quantum Hydrodynamic 

Table 1. Multiple Scale Electron Transport in Doped Semiconductors 
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