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Thermoelectricity and Energy ConversionThermoelectricity and Energy Conversion
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aSeebeck Coefficient, S = V/∆T

Peltier Coefficient, π = Q/I=ST
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PbSeTe/PbTe QD Superlattices

Harman et al., Science 297, 2229 (2002)

AgPb18SbTe20
ZT = 2 @ 800K

AgSb rich

Hsu et al., Science 303, 818 (2004)

k
TSZT σ2

=

Venkatasubramanian et al. Nature 413, 597 (2001)

Bi2Te3/Sb2Te3 Superlattices
2.5-25nm
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Origins of ThermoelectricityOrigins of Thermoelectricity
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Effect of Effect of NanostructuringNanostructuring on Son S22σσ
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PbSeTe/PbTe QD Superlattices

Harman et al., Science 297, 2229 (2002)

AgPb18SbTe20
ZT = 2 @ 800K

AgSb rich

Hsu et al., Science 303, 818 (2004)
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Bi2Te3/Sb2Te3 Superlattices
2.5-25nm

kbulk = 0.49 W/m-K
kns = 0.22 W/m-K
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Alloy limit of thermal conductivity Alloy limit of thermal conductivity 
in crystalline materials!in crystalline materials!
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Si/SiGeSi/SiGe superlatticesuperlattice nanowiresnanowires

Si
SiGe

Si/Si0.95Ge0.05

Li et al., Appl
Phys Lett 83, 
3186 (2003)
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ErAs Nanostructures Embedded in InGaAsErAs Nanostructures Embedded in InGaAs
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Below Alloy Limit!Below Alloy Limit!Below Alloy Limit!

InGaAs

ErAs/InGaAs

Woochul Kim, Pramod Reddy, 
Josh Zide, Art Gossard
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SiSi--GeGe SuperlatticesSuperlattices
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SEM Picture of Thin Film CoolersSEM Picture of Thin Film Coolers
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n-Si/SiGeC Superlattice Micro Cooler
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Cross-sectional TEM of the lattice-matched SiGeC/Si superlattice.
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Cross-sectional TEM of the lattice-matched SiGeC/Si superlattice.

X. Fan, G. Zeng, C. LaBounty, E.Croke, C. Ahn, J.E. Bowers, A. Shakouri, 
“SiGeC/Si superlattice micro cooler,” Applied Physics Lett., Vol. 78, No.11, 12 

March 2001.
Featured in Nature Science Update, Physics Today, AIP April 2001
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InPInP--based Micro Refrigerator & Micro Heaterbased Micro Refrigerator & Micro Heater

Relative 
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Localized control of temperature on the chip.
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NanowireNanowire Array Composites and DevicesArray Composites and Devices

How to fill it, what to fill it 
with, and how to analyze it?

Fill with low 
k material

2 µm

Etching down to 
expose tips and be 
ready for metal 
contacts

200 nm

Metal contacts

Thermoelectric Device 
Component

Arun Majumdar, UC Berkeley
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