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Energy: we lose more than we use
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What are Thermoelectrics?

Original image: www.themotorreview.com

Convert waste heat into usable
electricity

Solid-state, robust, and require little
maintenance

Original image: nasa.gov




The Thermoelectric Figure of Merit (ZT)
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Maximizing Thermoelectric Performance
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Balancing the Components of ZT
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Why Semiconductors?
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Why Semiconductors?
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Why Semiconductors?
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Why Semiconductors?
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Can be tuned/optimized by adding impurities (doping)




Conventional Semiconductors
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[1I-V Semiconductors
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Can alloy elements from groups Ill and V to make IlI-V semiconductors

Different sizes of atoms causes a drop in thermal conductivity due to “phonon scattering”




Material System: InAs P,

NS |

Original image: Public Domain

InAs, P, _, layer

m v Vv Vi

tellurium
52
Te

127.60

121.76

bismuth

83

polonium

84

Original image: http://www.bpc.edu/

InP substrate




Growth by Chemical Beam Epitaxy (CBE)
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“Thermopower” - The Seebeck Coefficient
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The Hall Effect and Electrical Conductivity
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Balancing the Components of ZT
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Conventionally (Si) doped InP
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Conventionally (Si) doped InP
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Unintentionally (UID doped InAsP
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Unintentionally (UID doped InAsP
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I11/V ratio too high = Indium droplets




Future Goals
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Nanoparticles will reduce thermal conductivity by phonon scattering

Rare-earth doped InAs,P,

InP substrate

Rare earth dopants provide charge carriers

* Explore other rare earth elements (e.g. lanthanum) to compare with
erbium- and conventionally-doped samples
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The Thermoelectric Effect
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Heat Engine efficiency (%)

Thermoelectric Efficiency
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