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Over the last years interest on thermoelectricity for mi-
croharvesting or for prospective large-scale conversion of
heat into electric power has revamped. This was mostly
due to the tremendous impact of nanotechnology onto
the conversion rate achievable by thermoelectric gener-
ators [1], grown up by almost a factor three over the
last two decades. Novel classes of thermoelectric mate-
rials have appeared – but also old materials have rejuve-
nated. Nanowires and nanolayers, along with multilayered
structures, have imparted new improved characteristics to
many age-old materials [2–4]. Two avenues were actually
explored, namely reducing the thermal conductivity κ and
increasing the power factor σα2 (where σ is the electrical
conductivity and α is the Seebeck coefficient). Both ap-
proaches lead to an increase of the thermoelectric figure
of merit ZT = σα2T/κ (where T is the absolute tem-
perature) – and thus of the thermoelectric efficiency with
which heat is converted into electric energy [5]. As ther-
moelectric performances have remarkably enhanced, much
attention is now dedicated to selecting materials and tech-
nologies that could be scaled up and brought to bulk pro-
duction. On this avenue, geo-abundance and low material
costs are key issues. Thus, it is not surprising that ther-
moelectric properties of silicon, silicon-germanium alloys,
and silicides had been the subject of more than 700 pub-
lications over the last five years. This Special Issue is de-
voted to cover the most important advances in this field
through some mini-review papers and a selected number of
research contributions, spanning from theoretical and ex-
perimental research on silicon-based nanostructured ma-
terials to the technology enabling their implementation in
actual thermoelectric generators.

Possibly, a key date in the history of nanostructured
thermoelectric silicon may be set at 2008, when Nature
published back-to-back two seminal papers by Hochbaum
et al. [6] and by Boukai et al. [7] on nanowires. Both
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papers demonstrated that phonon scattering at the outer
roughened walls of silicon nanowires caused thermal con-
ductance of single-crystalline silicon to drop by almost
two orders of magnitude, with only a marginal impact
onto its electrical conductivity. Since then the nanowire
paradigm has been extended to a number of other materi-
als, nanowires becoming a reference structure for thermo-
electricity. Ways of manufacturing nanowires have quite
evolved as well, especially for silicon where microelec-
tronic technology could be used to obtain silicon nanowires
with upscalable methods. Pennelli analyzes them in his
review Top-down fabrication of silicon nanowire devices
for thermoelectric applications, covering techniques that
range from lithography to oxidation and highly anisotropic
etching. Special attention is given to fabrication processes
capable of robust industrialization. Redundant intercon-
nectivity is discussed as a way to prevent local failures
from impacting on the performances of the thermoelectric
generator.

Also nanolayers have shown significant potentials for
the reduction of silicon thermal conductivity. Their ap-
plication to silicon is discussed by Neogi and Donadio in
their research article Thermal transport in free-standing
silicon membranes: influence of dimensional reduction and
surface nanostructures. The authors provide an analysis
of the phononic properties of Si nanomembranes, show-
ing that also in 2D nanostructures the dimensional con-
straint by itself is not sufficient to significantly reduce
the material thermal conductivity, surface roughness play-
ing instead a key role. A different approach to the re-
duction of thermal conductivity is proposed by Dettori,
Melis, and Colombo in their research paper SixGe1−x al-
loy as efficient phonon barrier in Ge-Si superlattices for
thermoelectric applications. They show through atomistic
simulations how the stoichiometry and the width of the
SiGe layer in Ge|SixGe1−x superlattices affect the over-
all thermal transport of the nanostructure. Interestingly,
optimal (minimum) conductivity is found for 10% ≤ x ≤
20% and for a 2:1 width ratio, namely both chemical and
geometrical parameters admit an optimum. SiGe multi-
layers are also the focus of the review paper by Cecchi,
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Ferre Llin, Etzelstorfer, and Samarelli. In their Review
of thermoelectric characterization techniques suitable for
SiGe multilayer structures they discuss methods to reli-
ably characterize Si-Ge thermoelectric heterostructures,
where technical difficulties already arising in thin films
are further exacerbated. Test boards that are normally
required for in – and cross-plane thermoelectric character-
ization are described and critically discussed, also in view
of the importance that a reliable, reproducible character-
ization has for nanostructures getting everyday closer to
actual applications for on-chip cooling (as Peltier devices)
and for energy integrated microharvesters (as Seebeck
generators).

Use of nanograined materials as a way to reduce ther-
mal conductivity is another classical approach to enhance
thermoelectric properties that received however a new im-
petus by nanotechnology. The actual difficulty of control-
ling nanostructured silicon is covered by Petermann and
co-workers in their research paper Thermoelectrics from
silicon nanoparticles: the influence of native oxide where
strategies to prevent oxidation while sintering doped Si
nanoparticles are instanced. The possibility of improving
thermoelectric efficiency by selectively reducing κ over σ
is explored, finding that when the mass fraction of silicon
dioxide is <25% the combined effect of the lower electron
mobility and thermal conductivity may anyway result in
an increase of ZT , reaching 0.45 at 950 ◦C.

Although the search for strategies to lower thermal
conductivity has driven most of the late research effort in
Si-based materials, dimensionally-constrained nanostruc-
tures may also serve the target of increasing silicon power
factor. The paper that closes this Special Issue actually
reports about the effect of nanosizing on the power factor.
In his Prospects of low-dimensional and nanostruc-
tured silicon-based thermoelectric materials, Neophytou
reviews possibilities of power factor enhancement in
low-dimensional channels and in nanocrystalline materi-
als. Enhanced power factors in ultra-narrow nanowires
and ultra-thin layers are found to occur only upon suitable

transport and confinement orientation, and only at an ap-
propriate confinement length scale. In nanocrystalline sili-
con, instead, effective use of energy filtering that takes ad-
vantage of the inhomogeneity within the material is found
to have the potential of large power factor improvements.
Comparison of simulations to experimental results further
support his findings.

In summary, I may anticipate that this Special Is-
sue will not only provide the reader with an updated
picture of the ongoing research on nanostructured sili-
con but will also further stimulate the effort needed to
bring to the macroscopic scale the improved thermoelec-
tric performances experimented and verified in nanostruc-
tures. All contributions, either experimental or computa-
tional, evidenced once again the extraordinary capability
of silicon to reshape itself to meet new technological chal-
lenges – thermoelectricity being possibly the most recent
but surely not the last one. My gratitude goes then to all
authors to have built through their papers a clear confir-
mation of such silicon adaptability – and to all reviewers
for their silent work, that made this Special Issue possible.
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