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Electrons & Phonons

ÅOhmôs & Fourierôs Laws

ÅMobility & Thermal Conductivity

ÅHeat Capacity

ÅWiedemann-Franz Relationship

ÅSize Effects and Breakdown of Classical Laws
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Thermal Resistance, Electrical Resistance

Ohmôs Law (1827)Fourierôs Law (1822)
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Poisson and Fourierôs Equations
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drift diffusion

diffusion only

Note: check units!

Some other differences:

Å Charge can be fixed or mobile; Fermions vs. bosonsé
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Mosquitoes on a Windy Day

ÅSome are slow

ÅSome are fast

ÅSome go against the wind
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Calculating Mosquito Current Density

ÅCurrent    =    # Mosquitoes through A per second

ÅNA = n(r,v)*Vol = n(r,v)*A*dr

ÅPer area per second: JA = dNA/dt = n(dr/dt) = nv
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Charge and Energy Current Density

ÅWhat if mosquitoes carry charge (q) or energy (E) each?

ÅCharge current: Jq = qnv Ą Units?

ÅEnergy current: JE = Env Ą Units?
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Particles or Waves?

ÅRecall, particles are also ñmatter wavesò (de Broglie)

ÅMomentum can be written in either picture

ÅSo can energy

ÅAcknowledging this, we usually write n(k) or n(E)
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Charge and Energy Flux (Current)

ÅTotal number of particles in the distribution:

ÅCharge & energy current density (flux):

ÅOf course, these are usually integrals (Slide 11)

8

[ ]( ) ( ) ( ) ( ) ( )q

k k

J q n k v k q g k f k v k= =ä ä

[ ]( ) ( ) ( ) ( ) ( ) ( ) ( )E

k k

J E k n k v k E k g k f k v k= =ä ä

( ) ( ) ( )
k k

N n k g k f k= =ä ä



© 2009 Eric Pop, UIUC ECE 598EP: Hot Chips

What is the Density of States g(k)?

ÅNumber of parking spaces in a parking lot

Åg(k) = number of quantum states in device per unit volume

ÅHow ñbigò is one state and how many particles in it?
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Constant Energy Surface in 1-, 2-, 3-D

ÅFor isotropic m*, the constant 

energy surface is a sphere in 3-D k-

space, circle in 2-D k-space, etc.

ÅEllipsoids for Si conduction band

ÅOdd shapes for most metals
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