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UMKLAPP and NORMAL PROCESSES:

"Normal” phonon collisions that conserve k-momentum (crystal
momentum) do not limit thermal conductivity (N-processes), but
"Umklapp processes" (U-processes) limit thermal conductivity. This
is because the medium is discrete, and k-values outside the 1st BZB
can be mapped back into the 15t BZB with a reciprocal lattice vector.
Notice that two phonons with k,> O collide to produce a phonon with
k,<0!

N-Process U-Process
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http://en.wikipedia.org/wiki/Umklapp_scattering



ELECTRON-PHONON SCATTERING IN METALS:

Temperature Dependence of Temperature Dependence of
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ELECTRON-PHONON SCATTERING IN METALS:
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ELECTRON-PHONON SCATTERING:

(Ashcroft ch. 26)

Thermal conductivity of metals constant at high temperature.

At high T >> 6, all phonon modes excited. # of phonons in normal
mode is 0 (q)= 1 1 kT, 1
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v " e—ph

K= ~ const

Thermal conductivity of metals varies as T2 at int temperature.
(1) Energy of phonons must be hw = kg T and w=cq; so g=T
(2) surface of allowed phonons scales as T?

(3) EI-Ph coupling constant scales as T

(4) (1-3) say = T3 T T

= 27

(5) CvgoesasT 3T

Thermal conductivity of metals varies as T at v. low temperature
(1) t©= T? impurity scattering is temp indep
T,
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ELECTRON-PHONON SCATTERING:

(Ashcroft ch. 26)

Resistivity of metals varies as T at high temperature.

At high T >> 6, all phonon modes excited. # of phonons in normal

mode is . . kT 0

n = > = S
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Resistivity of metals varies as T° at int temperature.

(1) Energy of phonons must be hw = k;T and w=cq; so q=T
(2) surface of allowed phonons scales as T?

(3) EI-Ph coupling constant scales as T

(4) (1-3) say t= T3

(5) Forward scattering dominates = T2 (see next slide)

Resistivity of metals is constant at very lowest temperature.

(1) Impurity scattering, boundary scattering is independent of
temperature

(2) Other things can come in too — e-e scattering, for example



ELECTRON-PHONON SCATTERING IN METALS:

k1

!
koK




ELECTRON-PHONON SCATTERING IN METALS:
(Hook)
Wiedemann-Franz Law.
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But scattering can be different!

(1) Atlowest T, impurity scattering dominates: t
same for both — WF OK

(2) Low T — more phonon mechanisms for thermal
relaxation: WF violated

(3) High T —same phonon mechanisms again —
WF OK
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Matthiessens’s Rule (schematic)
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Nordheim’s Rule (schematic)
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