Measurements of nanoscale thermal transport and its anisotropy in vdW
materials via cross-sectional scanning thermal microscopy (xSThM)
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We present a novel cross-sectional scanning thermal microscopy (xSThM) approach to
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Introduction Thermal transport is one of the key factors in defining the performance of thermoelectric
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leaving an open platform for new TE applications . In particular, indium selenide (InSe) shows high TE potential
due to advantageous
Abstract electrical and thermal properties, increasing the TE efficiency[3]. Here we quantify the thermal
transport in γ-InSe nanolayers via x-section scanning thermal microscopy (xSThM), providing a key insight to its inplane and cross-plane thermal conductivities as well as interfacial thermal resistance to the substrate[4,5].

Fabrication (SThM), resulting in highly resolved thermal specificity and providing an insight to the thermal
Samples: wedge γ-InSe flake on Si, wedge γ-InSe flake on SiO2 + Si, wedge graphene flake on
conductivity[4].
Si, wedge graphene flake on SiO2 + Si. The fabrication procedure is depicted as follows:

1. Substrate cleaning:
Solvent cleaning + O2/Ar
plasma on surface.

2. Exfoliation: vdW flakes
deposited by dry exfoliation
near to the substrate’s edge.

3. BEXP: Cross-sectional wedge cut + polishing of
substrate’s edge and flake.
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We can also obtain the approach/retract
curves of the thermal signal to measure
the contact (Vth) and non-contact (Vnc)
voltages. The probe thermal resistance
(Rp) is calculated by calibration. The
thermal resistance (Rx) is then obtained:
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Thickness (t) and thermal signal (Vth - left image) maps of the wedge 2D
material/substrate and Si/SiO2 interfaces are obtained on all the samples.
Profiles (right graph) are extracted from the images to provide the
quantitative experimental data that are compared with the theoretical model.
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through-the-air heat transport and SThM tip-surface interfacial thermal resistance[5], also quantifying the vdW
ion heat transport by depositing vdW materials on high (Si) and low (SiO2) thermal conductivity
material-substrate
substrates. By comparing experimental results with the theoretical model[5], we can directly access the
anisotropy of in-plane and cross-plane thermal conductance of the vdW materials (kǁ/kꓕ) and thermal resistance
(rint) at the vdW material – substrate interface.
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Eq. (3) is an isotropic model for heat spreading[5]. This can be
transformed
into
anisotropic
by
changing
𝑡 → 𝑡̅ =
𝑡⁄√𝑘1,𝑧 ⁄𝑘1,𝑥𝑦 and 𝑘1 = √𝑘1,𝑥𝑦 𝑘1,𝑧 . The simulation suggests an
anisotropic nature of γ-InSe thermal transport, whereas fitting Rx(t)
allows to quantify the thermal anisotropy (kǁ/kꓕ) and rint.
SiO2 exp. (- - -)

(1)

Ccor is the correction of tip-end vs.
average tip temperature. The measured
Rx depends on the tip-surface contact
and sample spreading resistance:
𝑅𝑥 = 𝑅𝑠 + 𝑅𝑐
(2)
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Conclusions:
· xSThM allows to assess thermal transport in
nanoscale thick vdW materials and heterostructures.
· We independently evaluate the vdW material and
material – substrate interfacial thermal resistance.
· We show that the anisotropy of thermal conductance
in nanoflake is reflected in the xSThM response vs.
thickness with anisotropy of the heat transport in γInSe nanoflakes directly observed for the first time.

