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Abstract 

 

The efficiency of thermoelectric converters is measured by the dimensionless figure of merit ZT=σS2/(κe+κl), where σ is 

the electrical conductivity, S is the Seebeck coefficient, and κe is electronic and κl the lattice part of the thermal 

conductivity. Large improvements in ZT have been recently reported in low-dimensional and nanostructured materials 

as a result of suppressed phonon conduction (κl). This has been even observed for traditionally poor thermoelectrics 

such as silicon. Other than the reduction in κl, further improvements in ZT could potentially originate from the power 

factor (σS2). In this work we use the atomistic sp3d5s* tight-binding model and linearized Boltzmann transport theory to 

calculate the electrical conductivity, Seebeck coefficient, and thermoelectric power factor of narrow 1D silicon and 

germanium nanowires and ultra-thin-layers. We present a comprehensive analysis of the thermoelectric coefficients of 

n-type and p-type channels of diameters/widths from 12nm down to 3nm, in different transport orientations. We show 

that for length scales below 7nm quantum mechanical confinement can alter the bandstructure of the channels and affect 

the power factor. The effect of confinement and geometry on the power factor originates mostly from changes in the 

conductivity which is strongly affected, rather than the Seebeck coefficient. In general, enhanced scattering at these 

diameter scales strongly degrades the conductivity and power factor of the device. We identify cases, however, for 

which confinement largely improves the channel’s conductivity, resulting in ~2-3X power factor improvements.  
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