Calculation of the thermoelectric figure of merit in layered structures with quantum wells at different scattering mechanisms.
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The calculations of mobility and the thermoelectric figure of merit in multiple-quantum-well structures have been performed for the cases of different scattering mechanisms: acoustical phonon scattering, scattering on short-range impurity potential and polar scattering on optical phonons. In the first two cases the analytical expressions for mobility and the thermoelectric figure of merit have been obtained at the assumptions of infinite barriers height and standard dispersion law of electrons. It has been shown that in these two cases the decrease of relaxation time in two-dimensional structures in comparison with the bulk samples completely compensates the rise of the thermoelectric figure of merit due to the increase of density of states. The expressions for transport coefficients and the figure of merit in two-dimensional and bulk case turn out to be exactly the same at the equal values of chemical potentials and hence their magnitudes for optimal doping level are equal.

In the case of polar scattering on optical phonons the scattering probability decreases with the increasing of in-plane component of phonon wave vector, and the figure of merit can be calculated analytically only for relatively thick quantum wells for which no increase in the figure of merit has been predicted. For thin quantum wells the relaxation time, transport coefficients and the figure of merit have been calculated numerically. It has been shown that in this case the thermoelectric efficiency can be by a factor of 1.5 or 2 higher then in the bulk case. This rise of the figure of merit has been ascribed to the dependence of the scattering probability on the change of electron wave vector k during the act of scattering. If the probability is independent of the k the relaxation time decreases with quantum well increase due to rise of density of final states in two-dimensional case, and if the probability decreases proportional k –2, as in the case of polar scattering, the relaxation time in the case of thin quantum wells became independent of quantum well thickness. This leads to the rise of electrical conductivity and thermoelectric efficiency due to increase of the density of states. This conclusion has been illustrated by numerical estimations with parameters of PbTe as a material of quantum wells.

Therefore the enhancing of the figure of merit is possible due to the size quantum effect only if the probability of carrier scattering decreases with increasing of the wave vector change.

