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This talk will give an introduction to thermoelectric (TE) materials and some of the challenges that
these materials present to the researcher in order to obtain high TE performance. TE materials are
solid-state materials that exhibit typically low thermal conductivity values on the order of 1-5 Wm-1K-1.
Therefore, very precise and reliable measurements of electrical resistivity (ρ) thermopower (α) and
thermal conductivity (κ) measurements are a necessity. Good TE materials are gauged by their
dimensionless figure of merit, ZT = α2σ Τ/κ, typically between 1 and 2. Synthesis methods and
techniques (along with doping) must be developed to finely control these values including electronic
band structure and various scattering mechanisms that affect both the heat and charge carried by the
charge carriers (κe) and the phonons (κL), κT = κe + κL. Depending on the application, these materials
may be used for cooling (200K - 400K) or for power generation applications (700K - 1300K).
Measurements over such a broad range presents its own challenges. The electrical resistivity, ρ, is also
measured over these broad temperature ranges in order to use the Wiedemann-Franz relationship (κe ≈
L0κT) to extract the lattice or phonon thermal conductivity, κL. Here L0 is the Lorentz number which
can depend on the specific material, σ, is the electrical conductivity and T is the absolute temperature in
K. Low temperature measurements using our customized steady state thermal conductivity techniques
(T < 300K) are needed in order to better understand the dominant scattering mechanisms at low
temperatures that might affect the electrical resistivity and thermal conductivity at higher temperatures.
Then, these thermal conductivity results can be compared with those obtained by laser flash methods.
Typically, it is very important to minimize κL in order to achieve the highest TE performance. Thus,
measuring these properties as precisely as possible and then comparing both the magnitude and
temperature dependence of the results obtained from various techniques yields greater confidence in
the values that are achieved. Results from various methods will be compared and discussed. In addition,
other high temperature mechanisms such as bipolar conduction in narrow gap semiconductors will be
presented.
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