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Traditionally, thermoelectric (TE) phenomena require junctions between two dissimilar
materials to either generate the current when opposing junctions are held at two differing
temperatures (Seebeck effect) or to cool and heat the opposing junctions when the external
current is applied (Peltier effect). The two materials must have a different thermoelectric
(Seebeck) coefficient, <i>S</i> (defined as the voltage <i>V</i> per temperature difference
<i>AT</i>) in order to observe either Seebeck or Peltier effect. Nevertheless, the recently
discovered phenomenon of “Geometrical Thermoelectricity”, GTE [1] indicated that a
nanoscale constriction (of the order of 50-200 nm) in the monolayer of two-dimensional
material (2DM) graphene on the insulating SiO2/Si substrate acts as de-facto different
material with the different Seebeck coefficient, changing the Seebeck coefficient solely by
geometrical patterning and allowing to create TE devices out of a single material [2], avoiding
the need for another material and a junction between two materials.<br/>Here we investigate
the origin of the GTE phenomenon using a well-defined structure of graphene encapsulated
between hexagonal boron nitride (hBN) layers with asymmetric constrictions (flat-taper/flat-
flat/taper-flat) and under different polarity of the carriers using the back-gating. By using
Scanning Thermal Gate Microscopy (STGM) [3] where a heated nanoscale tip of an atomic
force microscope is scanned across the material or device surface to produce a map of
thermovoltage as a function of tip position, we established that the GTE modification of
Seebeck coefficient does not a) depend of the symmetry of the junction nor b) on the polarity
of the carriers (electrons or holes) and therefore ) is directly linked solely to the geometrical
dimensions of the constriction.<br/>Furthermore, we explored whether GTE can be used for
modification of the Seebeck coefficient in the area of 2D material rather than for a single
point (nanoscale constriction). We performed the FIB milling of arrays of holes of about 50 nm
in diameter in a thick 50 nm layer of 2D material SnSe<sub>2</sub> using the varying pitch,
density and ordering, showing that it is indeed possible to create multi-um size areas of
material with a very different Seebeck coefficient. By combining STGM with scanning thermal
microscopy (SThM) [4] we found that the holes modify the heat transport on the distance of
less than 20 nm, whereas the modification of the Seebeck coefficient is extended to the
distances larger than 500 nm, suggesting the characteristic TE modification length is linked
with the charge carriers.<br/>In summary, we conclusively linked the GTE phenomenon to the
geometrical factors and demonstrated that such an effect is present in other 2D materials
such as dichalcogenide SnSe<sub>2</sub>. We also showed the one can create large areas of
multilayer 2D material building de-facto a new material with different TE properties while
preserving its heat transport performance, paving the way for the much broader applications
of GTE effect for the nanoscale and microscale cooling, heat manipulation and TE energy
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