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Thermal transport modelling through van der Waals heterostructures [1]
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Device Dynamical Matrix

Promising Applications
• Vertical FET (electronics)
• Photodiodes (optoelectronic)
• Spin FET (spintronic)
• …

New Features 
with respect to their constituents
• Band alignment
• Fast charge transport
• Inter-layer excitons
• …

van der Waals Materials (vdWM)

Common cell N = N1 + N2 supercell

Atomic 
positions unchanged changed

Lattice 2H 1T'

Materials Selection Criteria
Homo-bilayers
TMD1=TMD2
MoS2-MoS2
MoSe2-MoSe2
MoTe2-MoTe2
WS2-WS2
WSe2-WSe2

Hetero-bilayers
TMD1≠TMD2
MoS2-MoSe2
MoS2-WS2
MoS2-WSe2
MoSe2-WS2
MoS2-WSe2
WS2-WSe2

Transition Metals : Mo, W
Chalcogenides : S, Se, Te

Intra Layer Covalent bonds

Inter Layer 
van der Waals
Interactions

Simulation Results  and Analysis
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Conclusions

Homo-bilayers Hetero-bilayers

o The properties of each individual layer 
can be retrieved from those of the stack

o

o Structures with a partial overlap can be created 
by starting from a TO vdWM from which the 
atoms/Φ entries corresponding to the extra layer 
can be removed

o Results are independent of the overlap length
o Dominant contribution of acoustic phonons
o Structures with a partial overlap act as a filter

|𝐼./,.1 − (𝐼./,2 + 𝐼./,-)| < 10% TO
1+2

Device Configurations
Isolated TMD Layer Totally Overlapping (TO)

TMD Layers
Partially Overlapping (PO)

TMD Layers

Phonon injected 
into one TMD

Phonon 
collected into 
the other TMD

Engineer the heat flow through nanostructures combining Transistion Metal Dichalcogenide (TMD) monolayers 
with different geometries through ab initio simulations of ballistic quantum thermal transport

Goal

Previous electronic characterizations (theoretical [2] and experiments [3-4]) showed that such setups
favour  inter-layer band-to-band tunnelling and can therefore be used as field-effect transistors with a
potentially steep subthreshold swing and a high ON-state current.

In the ballistic limit of transport only states 
existing throughout the whole structure can be 
transmitted from one contact to the other [5]
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Our work emphasizes the possibility of engineering heat flows at the nanoscale by combining TMD monolayers. It also lays the 
foundation for future in-depth analysis involving more realistic effects such as anharmonic phonon interactions
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