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coupled charge and heat currents
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review: coupled charge and heat currents
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lecture 3 topics

1) Thermoelectric devices
2) TE figure of merit, ZT

3) Material trade-offs
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1) What determines the maximum temperature difference?
2) How much heat can be pumped?
3) What is the coefficient of performance (COP)?

COP at maximum cooling power: pn= q(‘j“ax/Pm
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Inside view (electrons)
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thermoelectric power generation
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1) How much heat can be conveérted Into electricity? P 1 2RL
(what determines the efficiency?) T="p = Aq
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Analysis of thermoelectric coolers and power
generators shows that their efficiencies are related to a
dimensionless, materials figure of merit (FOM), ZT

Next, we will do a simple analysis to derive ZT.
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simplified TE device (one leg)
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What is the maximum AT that can be achieved?
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simplified TE cooling device (one leq)

l Ic} 'l 1) heat extracted from the cold side
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2) heat pumped by Peltier effect
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simplified TE cooling device (one leg)
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The performance of a TE device is related to a
dimensionless figure of merit, ZT

S’c T Denominator mostly determined by
/1 = lattice thermal conductivity.
K, tK, (Lecture 5) k, >>k,

dimensionless figure of merit

1) What material properties are needed for a high ZT?
2) Given a material, how can we optimize ZT?
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power factor
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The quantity: S°c is known as the “power factor.”

Need a large S and a large o.

k, \\E,— £
SH(T):—[ ;J( JkBT :) need £, <<E,
2
o,= {ZZ ]( M){(A))=nyqpu, need k. >> E. and large m.fp.
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Seebeck vs. conductivity trade-off

bipolar conduction
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FOM: PF vs. Fermi level

The peak PF occurs when g T
Er is near the band edge. J =_—_n_n
K, +K,
N 4\
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PF In different materials

For a given material, we aim to optimize the PF with doping
that positions the Fermi level near the band edge, but how
does the optimum power factor vary between materials?

4 )
increase the mean-free-path
25 T improve the S vs. o trade-off
1 =
K, TK, decrease the lattice thermal conductivity
L /
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ZT of Bi,Te; vs. Si

Why is Bi,Te; a good thermoelectric with ZT ~ 17

Why is Si a poor thermoelectric with ZT ~ 0.017

Answer: Mostly because of the difference in lattice
thermal conductivities.

K, (Si)~ 150 W/m-K e wil xotain why
K, (Bi2T63) ~15WmK Lecture 5
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thermoelectric FOM
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Good thermoelectrics have very low lattice thermal
conductivities.

Recent progress in thermoelectric performance has largely
been due to engineering materials to lower the lattice
thermal conductivity.

Many ideas for PF engineering have been proposed and
explored, but so far, success has been limited.
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lecture 3 topics

1) Thermoelectric devices
2) TE figure of merit, ZT

3) Material trade-offs
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