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¥ Eq. (6.6)

- o A — N
AT(nin n+N " Nin N+ n)

(a) (b)

Figure 6.2 (a) Free-energy change as a function of number of defects n,. The top line
represents the energy needed to create the defects. The lower curve is the free energy
gained as a result of the configuration entropy. The centerline represents the sum of the
two components [i.e., a plot of Eq. (6.6)], which clearly goes through a minimum. (5)
Same plot as in (a) except at a higher temperature. Note that the equilibrium number of
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 Point defect concentration varies with temperature!

No. of defects Activation energy
\ A
N . —_
N (—f )
No. of potential = P4
defect sites. Boltzmann's constant

(1.38 x 10 -23 J/atom K)
(8.62 x 10~ eV/at om K)

Each lattice site
IS a potential
vacancy site
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« Solid solution of B In A (i.e., random dist. of point defects)

Substitutional alloy Interstitial alloy
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« Impurities must also satisfy charge balance
.+ Ex: NaCl Na*® CI'.

" : : : cation
 Substitutional cation impurity #Vacancy
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Initial geometry cal* impurity resulting geometry
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For complete miscibility to occur in metallic solid solutions, the two
metals must be quite similar as defined by the Hume-Rothery
rules
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Log Defect Concentrations

log n=log 2V proportional to -%Iog P,

Low P, log P,
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High P,
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3.5844: BOb
Bk = YR ST

v

[ (Input current)

Metal
contact

» Laser creates inverted population
of electrons in upper energy levels
and then stimulates them to all
coherently decay to lower energy
levels. 35 e

JGaAs Laser

Coherent
photons

I
Typical values
L=0.3 mm [ (at 300 K) =20 A
a=0.1 mm Input power = 136 W
d=2.0 um Light output power =9 W
A =840 nm

« Applications: fiber optics, CD player, machining, medicine, etc.
— e.g. GaAs laser: 25% efficiency, 100 yr lifetime, mm size, IR to visible
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Seebeck Effect Material A

Differential

Thermocouple

T T+ AT

O — Material B Material B




3.6 0 H A4 ) B H N FH TE Effects

Peltier Effect

Difference In
- between
Materials A and B

Material A

Material B

Electric Current

|

V4

¥

Heat
Absorbed or
Expelled
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TE Couple and Module

Heat Source Active Cooling

Heat Sink

——— AMW——— |
| —» | | —»
Power Generation Mode Cooling Mode

Operating Modes of a
Thermoelectric Couple

Modules

T. M. Tritt, Science 31, 1276 (1996)




3.674

A

A RE

N

N

Thermoelectric Materials

Figure of Merit:

LT

a’T

} Pk, + K,

)

a— Seebeck Coefficient
p— Electrical Resistivity

k— Thermal Conductivity

ke — Electronic = LOT/p (W-F relation)

kg — Lattice
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Thermoelectric Applications
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Thermoelectrics
* Thermoelectric (Peltier) cooler:

| | 250C
L Thermocouple: Nickel-Chromium
300°C
12.2mV
Nickel-Aluminum 250C
« Seebeck effect: T T,
Bi, Cr, Si... Metal Q
s _AV Pt Pt \Cold 5
AT < v >
_ _ _ I l Pl N T I
* Thermoelectric refrigeration:
no toxic CFC, no moving parts 7 1 C 7
e Electronics e« Optoelectronics * Automobile |
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