
Contents

1 The Thermoelectric and Related Effects . . . . . . . . . . . .
1.1 Introduction....................................................................
1.2 Relations Between the Thermoelectric Coefficients . .
1.3 Effects in a Magnetic Field . . . . . . . . . . . . . . . . . .
References................................................................................

2 Theory of Thermoelectric Refrigeration and Generation
2.1 The Transport Effects . . .  .........................................
2.2 Themoelectric Refrigerators and Heat Pumps . . . . .
2.3 Thermoelectric Generators............................................
2.4 Multistage Devices......................................................
2.5 Application of the Thermomagnetic Effects . . . . . . .
References................................................................................

3 Thermoelectric Properties of Metals and Semiconductors
3.1 Transport by Electrons . . . . .  . . . . . . . . . . . . . . .
3.2 Metals and Semiconductors.........................................
3.3 Bipolar Effects...............................................................
3.4 Phonon Conduction......................................................
3.5 Phonon Drag..................................................................

toisation and Selection of Semiconductor Thermoelements. . .
Power Factor...................................................................................
The Materials Parameter，ß ..........................................................
Mobility and Effective M a ss ........................................................
The Lattice Thermal Conductivity in Pure Crystals. . . . . . . . .
The Effect of Temperature.............................................................
The Importance of the Energy Gap..............................................
Non-parabolic B an d s ....................................................................

1
1
3
5
7

9
9

10
15
17
19
94

25
25
33
37
38 
Ю
44

45
45
46
48
49
53
54 
57

Ρ

Η

2

3
 

4 

5

6
 

7 

0

4

4

4

4

4

4

4

http://d-nb.info/1079861831


xii Contents

4.8 Thermomagnetic Materials...............................................................  59
4.9 Superconductors as Passive Thermoelements . . . . . . . . . . . . . .  64
References.................................................................................................... 65

5 Minimising the Thermal Conductivity...................................................  67
5.1 Semconductor Solid Solutions........................................................ 67
5.2 Phonon Scattering by Point Defects..............................................  69
5.3 Boundary Scattering......................................................................... 74
5.4 Scattering of Electrons and Phonons..............................................  76
5.5 Fine Grained Material with Large Unit Cells . . . . . . . . . . . . . .  78
5.6 Phonon-Glass Electron-Crystal........................................................ 80
5.7 Thermoelectric Refrigeration at Very Low Temperatures. . . . . .  82
References...................................................................................................  84

6 The Improvement of a Specific M aterial-B ism uth TeUuride . . . . .  85
6.1 Pure Bismuth Telluride.................................................................... 85
6.2 Band Structure of Bismuth Telluride. . . . . . . . . . . . . . . . . . . .  88
6.3 Diffusion in Bismuth Telluride........................................................ 92
6.4 Solid Solutions Based on Bismuth Telluride . . . . . . . . . . . . . .  94
6.5 Practical Developments. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96
6.6 Bismuth Telluride Alloys as Generator Materials . . . . . . . . . . .  99
6.7 Recent Advances.............................................................................  103
References...................................................................................................  106

7 Methods for the Production of M aterials..............................................  109
7.1 General Principles...........................................................................  109
7.2 Growth from ¿ e  Melt......................................................................  110
7.3 Sintering............................................................................................  116
7.4 Thick and Thin Films......................................................................  122
References...................................................................................................  123

8 Measurement Techniques........................................................................  125
8.1 General Considerations...................................................................  125
8.2 Electrical Conductivity...................................................................  126
8.3 Seebeck Coefficient........................................................................  131
8.4 Thermal Conductivity......................................................................  134
8.5 Thermal D i l s iv i t y ........................................................................  139
8.6 The Figure of M erit........................................................................  141
8.7 Thermomagnetic Measurements.....................................................  148
References......................................................................  151

9 Rpyjpw nf ThprmnpWtnV M atpriglg.....................................................  153
9.1 Bismuth and Bismuứi-Antimony................................................... 153
9.2 Lead Telluride and Related Compounds....................................... 163
9.3 Silicon-Germanium Alloys............................................................  168



9.4 Skutterudites and Clathrates. . . . . . . . . . . . . .
9.4.1 Skutterudites.........................................
9.4.2 Clathrates..............................................

9.5 O xides..................................................................
9 6  Other Thermoelectric Materials . . . . . . . . . . .

9.6.1 Zinc Antimonide .
9.6.2 Half-Heusler Compounds . . . . . . . . .
9.6.3 Metal Silicides
9.6.4 Organic Thermoelectrics . . . . . . . . . .
9.6.5 Boron Carbide.......................................

References......................................................................

10 T heioelectric Modules and Their Application. . .
10.1 The Modular Concept.........................................
10.2 Heat Transfer Problems.......................................
10.3 Electrical Contact Resistance . . . . . . . . . . . . .
10.4 Applications of the P eltiers
10.5 Transient Cooling.................................................
10.6 Seebeck Devices.................................................
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11 Transverse Devices........................................................
11.1 Features of Transverse Coolers and Generators
11.2 Synthetic Transverse Im o e le m e n ts . . . . . . .
11.3 Materials for Transverse Thermoelements . . . .
11.4 AltemativeConfigurations. . . . . . . .  . . . . . . .
11.5 Further Developments.........................................
References.......................................................................

12 Properties of Nanostructured Materials. . . . . . . . .
12.1 Theory of Nanostructures . . . . . . . . . . . . . . .
12.2 Thermal Conduction in Low-Dimensional Materiais
12.3 Observations on N _structures
12.4 Preparation of Nanostructures .
12.5 Recent Developments . . . . . . .
References............................................

13 Thermionic Energy Conversion. . . ·
131 Vacuum Thermoelements · · . ·
13.2 Thermionic Emission in Solids.
References............................................

:
11
2

2

5

8

0

0

1

3

 

9

0

1

 

7

7

1

4

 

7
 

9

3

9

 

n 

H

l

H

H

H

H

H

H

H

H

l

 

1
1
2
2
2
2
2
2

1

1

2

6

0

2

2

2
2
2
2
3
3
3

2
2
2
2
2
2
2

3

3

8

3

6
๐

0

4

3

3

3

4

4

4

5

2
2
2
2
2
2
2

5

5

6

7



xiv Contents

Further Readings............................................................................................... 271

Generalindex......................................................................................................  273

Index of Elemente，C o m p o u d  277


