Thermoelectricity:
From Atoms to Systems

Week 2: Thermoelectric Transport Parameters
Lecture 2.0: Short Introduction
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the experiment:

1) Force a current: [ 2) Impose a temperature gradient:
dT/dx:(Tz _Tl)/L

cross-sectional T L >> /1 T

area, A 1 2
Ix—\i' O ‘ I —>
Vvl ]Qx +qu_> VVZ

J=1/4 Alm’

> X

3) Measure the voltage, V,—V, or electric field: Z_ :(V2 —VI)/L

4) Measure the heat current (electronic plus lattice): [Qx + qu
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coupled charge and heat currents

electrical current: transport coefficients (3D)

E =pJ + Sd_T p resistivity  (Q-m
X X dx

S Seebeck coefficient V/K

heat current (electronic):
n Peltier coefficient V

dT
JQJC = ﬂ.Jx o Ke L
dx k, electronic thermal conductivity
heat current (lattice): W/m-K
(dT) x, lattice thermal conductivity
1.=7% LE J W/m-K

- J
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coupled charge and heat currents

electrical current:

dTl -
F :(1/0)J I il Temperature dlffer_ences
Y ¥ dx produce voltage differences.

heat current (electronic):

4 ar Current flow produces
J =rn] -k — _
o ¢ dx temperature differences.

heat current (lattice):

__[dr)
q, ~ Lde
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coupled charge and heat currents

4 )
electrical current:
dT 4 )
£, :(I/O')JxJFSE More generally: £ _>ldF"
X q dx
heat current (electronic):
B drl F.: quasi-Fermi level
o =7, 7K, A (electrochemical potential)
. J

heat current (lattice):

(dT)

q,=-K,| —
\ a)

PURDUE Lundstrom nanoHUB-U Fall 2013



............. expressions for the TE transport coefricients
R
=01 BEME s()= S, (k) «{R)o( - £(%)
. \ “transport distribution function”
0f,
S = —%I(E— EF)L_a_J;EJ 2(E)dE
=18
1 o af\
K. =—|lE-F -2 Y E)dE
: I ( F) L 3EJ ( ) G.D. Mahan and J.O. Sofo, “The Best
5 Thermoelectric,” Proc. Nat. Acad. Sci., 93,
K =k,-T0$ pp. 7436-7439, 1996.
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Landauer-Boltzmann expression for current

e(E—EFI) JkgT

1= 22 [7(E)M(E) - 1)

transmission, modes (channels), differences in Fermi-levels
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expressions for the TE transport coefficients

ol 94 \
oc=q IL—%JZ(E)“’E Z(E)=é;vx(£)27(£)5(E_E(£))

“transport distribution function”

S = %I(E— EF)[— Z—@ 3(E)dE

- 5(£)=2(M(8)/4)a()

1 2 ( afo\
Ko = T (E_ EF) L_ a_EJ Z(E)dE G.D. Mahan and J.O. Sofo, “The Best
Thermoelectric,” Proc. Nat. Acad. Sci.,

B 2 93, pp. 7436-7439, 1996.
K =K,— ToS

-
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coupled charge and heat currents

r ™
electrical current:
A)((A
(1/0') +S£ < el/ ><< EI>>
dx
S=7x/T Kelvin relation
heat current (electronic):
1
J o =7J, K‘E ﬂ:_g(EJ_EF)
& (k)
heat current (lattice): K :TL; Lo
(dr) 22T
A - ﬂgr? (M /AY(2,))
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devices and the thermoelectric figure of merit

hot
g

m

N-type P-type

Cvmmmms, v

cool (ambient) cool (ambient) Ji

_/
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week 2 lectures

1) The Landauer-Boltzmann Approach

2) The Thermoelectric Transport Coefficients
3) Devices, FOM, and Material Trade-offs

4) Novel Materials and Structures

5) Lattice Thermal Conductivity

6) The Boltzmann Transport Equation
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First-principles thermoelectrics (Dr. Jesse Maassen)
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