
9/19/13 EECS 277B Adv. Semiconductor Devices © 2013 P. Burke  Lecture 10, p. 1 

Lecture 11: Nanowires 

  

Al2O3 

What is the resistance? 

In semiconductors, 
λFermi ~ 1-10 nm 

d ~ λFermi 
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Readings this lecture covers 
¡  Ferry pp. 39-46 
¡  Hanson, pp. 124-125, 317-344 
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Drift current 
¡  Caused by electric field 
¡  Electron density constant 
¡  Analogy: swarm of mosquitoes in 

the wind 
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Drift: Drude model 
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Types of scattering 

¡  Electron-phonon:  
l  Very temperature 

dependent 
l  Phonons are lattice 

vibrations 
l  At low temperatures, 

lattice is “perfectly 
still” 

¡  Impurity scattering 
l  Temperature 

independent 
l  Depends on impurity 

concentration 

impurityphononelectrontotal τττ
111
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−



9/19/13 EECS 277B Adv. Semiconductor Devices © 2013 P. Burke  Lecture 10, p. 6 

Ballistic vs. diffusive transport 
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These are the allowed energy levels, or “quantum states” 
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Particle in a box 
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These are the allowed energy levels, or “quantum states” 
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Limits: 
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1d system: 
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Fermi energy 



9/19/13 EECS 277B Adv. Semiconductor Devices © 2013 P. Burke  Lecture 10, p. 11 

Positive and negative k-vectors: 
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Fermi energy 

Particle in a box: (positive k-vectors only) 

“Born-Von Karman” boundary conditions: (positive and negative k-vectors) 
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Single sub-band: 
E 

kx=2nxπ/Lx 

Fermi energy 

charge #elec #elecv
time time length

I e e= = ⋅ = ⋅

Different electrons have different velocities. 
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Single sub-band: 
E 

kx=2nxπ/Lx 

Fermi energy 
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Resistance quantum 
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With spin: 


