ECE-656: Fall 2009

Lecture 11:
Discussion

Professor Mark Lundstrom
Electrical and Computer Engineering
Purdue University, West Lafayette, IN USA
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1) P-type conductors and thermoelectrics

2) ZT figure of merit
3) Maximizing the Opower factorO

4) TE parameters for non-degenerate semiconductor
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Lecture 5: 1D conductor
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case ii): p-type, T =0K
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Seebeck coefficient: n-type
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Seebeck coefficient: p-type
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Peltier coefficient: p-type

I
P-type N-type
ems abs abs Ec>E: ems
B B! 'V .C_\
T1 \  — Epl EFZ = EF1 1 q" Vv
—/ T T, v
contact 1 2 —T
&<k contact 2 contact 1 2
contact 2
X X

For the same sign voltage at contact 2, the contacts that absorb
and emit heat are interchanged.
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TE cooling
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maximum temperature difference

Top view

AV = RI — SAT

lo=!"11 KA#T

Q

If we force a current through this thermoelectric device,
what is the maximum temperature difference,! T=T, B T,,
that we can produce?
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maximum temperature difference

Top view IV=RI"ST

lo=1"11 KHT

1
loy =1 TSI KT ZIPR

For a fixed current, the
temperature will rise until I, =0

. (Ts1+17R/2)

K
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T _(TS*IR)

H K
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maximum temperature difference

_1T°SG
max 2 K

IT| _1S°GT _1

— = -zr
Tl. 2 K 2
2
7T = S°GT dimensionless figure of merit
K,+K,
Ke: electronic heat conductance
K. : lattice heat conductance
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figure of merit
I
Power factor:
-large Seebeck coefficient
-high conductance
-depends on material parameters
_ SGT
Ke + KL

thermal conductance:
'KL > Ke
-need short mfp for phonons

R (alloys with large mass difference B
G.D. Mahan and J.O. Sofo, OThe e.g. BiZTeS, SiGe)

Best Thermoelectric,OProc. Natl.

Acad. Sci., 93, 7436, 1996 -nanostructuring for reducing mfp

-Ophonon glass - electron crystalO
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optimal power factor

PF | [s(re)

PF =S°GT
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. %’o q( KeT,

'DF

The optimum power factor occurs when E is near E..
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TE parameters for a non-degenerate semiconductor

IV=R"ST
lg=!"11 KHT
'V _RAL, !
_:__"S_T
L LA L
IE, = (!JX)ISOI—T
dx
o | KL AT
—=-7T———
A TA AL
dT

Ex:!Jx+Sd—T
dx
T
Jo=13. #ed—
dx

What are the four TE parameters
for a non-degenerate
semiconductor?
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TE parameters for a non-degenerate semiconductor

AV = Rl — SAT

lo="!"11 K#HT
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TE parameters for a non-deg, 3D semiconductor

'I 3D = nql'ln
dT
:,JX+S& n:NcelF
=1] #d_T 1(2m'k,T
: T Tdx Ne A
| _H#E."E&
P T (
n=10° cm? ®
{. =1000cm?/V-s p = f1% 1
2 (kgT/a)
p, =6 Q-cm
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TE parameters for a non-deg, 3D semiconductor

E =13 +s3L .
dx So=t (21 )
Jo=md, —K,— ,
° dx n=Ng.e"
k
n=10" cm* Sp =! EB(ZHn( ¢/n))
=3.21 10°cm"®
N, = 3.2! 10°cm —
k,/q! 86 uv /K
/" #10
S!' "1 mV/IK
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TE parameters for a non-deg, 3D semiconductor

L3 = o ke % KT %
dT "% g8 g &0
=1, +S— ‘%
gﬁ I3°_2§ T(,=LT(,
Jo=!J,"#.—
© dx L = OLorenz numberQO
1P k&
, T, $q(
for metalskE.. X i
OWiedemann-Franz ratioO
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