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In this work we perform a theoretical analysis of the thermoelectric perfor-
mance of polycrystalline Si nanowires (NWs) by considering both electron and
phonon transport. The simulations are calibrated with experimental data from
monocrystalline and polycrystalline structures. We show that heavily doped
polycrystalline NW structures with grain size below 100 nm might offer an
alternative approach to achieve simultaneous thermal conductivity reduction
and power factor improvements through improvements in the Seebeck coef-
ficient. We find that deviations from the homogeneity of the channel and/or
reduction in the diameter may provide strong reduction in the thermal con-
ductivity. Interestingly, our calculations show that the Seebeck coefficient and
consequently the power factor can be improved significantly once the poly-
crystalline geometry is properly optimized, while avoiding strong reduction in
the electrical conductivity. In such a way, ZT values even higher than the ones
reported for monocrystalline Si NWs can be achieved.
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INTRODUCTION

Silicon nanowires (NWs) have attracted signifi-
cant attention as efficient thermoelectric materials
mostly due to significant reduction in their thermal
conductivity. Recent experimental measurements
reported thermal conductivity values as low as
k1 = 1 W/mK to 2 W/mK in Si NWs with diameters
below 50 nm, which resulted in an impressive ZT
of ~1, compared with the Si bulk value of
ZTvux ~ 0.01.12 As of now, however, no benefits
were observed through the power factor. Moreover,
experimental efforts were not able to achieve sig-
nificant relaxation of the adverse interdependence
between the electrical conductivity and Seebeck
coefficient. To achieve higher performance, efforts
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need to be directed towards power factor improve-
ments as well, since the thermal conductivity of
nanostructures is reaching the amorphous limit.>*
Unfortunately, improvements to the power factor
from the sharp features of the low-dimensional
density of states as suggested in Ref. 5 were not
observed because small feature sizes enhance elec-
tron scattering and significantly reduce the electri-
cal conductivity.® It was theoretically shown,
however, that in NWs modulated by interconnected
dots,”® or nanocomposite materials,'® an improve-
ment in the power factor could be achieved. In those
cases, the Seebeck coefficient increases in certain
regions of the channel where filtering is more
effective. Such effects can also exist in poly-
crystalline NW structures, which might offer an
alternative approach in achieving simultaneous
thermal conductivity reduction and power factor
improvements through improvements in the Seebeck
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