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Supplementary Notes 

 

Supplementary Note 1. Effect of strains on the L of the MoSe2/WS2 superlattice 

 

For the MoSe2/WS2 superlattice, confining the two materials to one unit cell leads to 2% tensile 

and compressive in-plane strains in the WS2 and MoSe2 layers compared to their bulk counterparts, 

respectively. To evaluate the influence of the strains on thermal transport, we first optimize the 

lattice parameters of bulk WS2 and MoSe2 by applying the corresponding strains and allowing the 

cross-plane lattice constants to relax. The obtained cross-plane lattice constants of WS2 and MoSe2 

are decreased and increased by 1%, respectively. As a result, the cross-plane lattice constant of the 

MoSe2/WS2 superlattice is only 0.2% smaller than the average value of corresponding bulk crystals, 

a minor change compared to the in-plane ones. 

We then calculate the L of the two strained crystals, as shown in Figure S1. Compared to 

unstrained crystals, the in-plane thermal conductivity In of the strained WS2 at 300 K decreases 

from 153.5 to 129.3 W m-1K-1 while the cross-plane one Cross increases from 3.9 to 4.2 W m-1K-

1. For the MoSe2, the 2% compressive strain increases the In and Cross at 300 K from 40.9 and 

2.6 to 48.5 and 3.2 W m-1K-1, respectively. We now use the average value of L in both bulk 

crystals to estimate that the In of the MoSe2/WS2 superlattice decreases by 9% due to the 2% in-

plane strains. For the Cross of the superlattice, its variation is negligible considering the very small 

cross-plane strain. Therefore, the thermal anisotropy ratio In/Cross of the strained superlattice may 

decrease by ~ 9%. These minor deviations caused by the strain effect thus will not affect our 

discussion and conclusion. 
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Figure S1. Effect of strains on thermal properties of bulk WS2 and MoSe2. (a, b) In-plane (top) 

and cross-plane (bottom) thermal conductivity L and (c, d) thermal anisotropy In/Cross versus 

temperature for bulk WS2 and MoSe2, respectively. 
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Supplementary Note 2. Effect of the impurity scattering on the L in TMDCs 

 

The calculated L are generally relatively higher or close to the corresponding maximum 

experimental data. In principle, the well-established ab initio BTE approach predicts the upper 

limit of L, representing that of perfect crystals. Prior ab initio calculations have reproduced 

experimental measurements for many materials1-7, many of which were isotropic and for which 

high-quality samples were available. Experimental results may vary substantially due to sample 

impurities, geometries and measurement techniques. For anisotropic materials, the determination 

of the in- and cross-plane thermal conductivity on the same sample can be challenging.  

 

Impurities may have a significant impact on the measured thermal conductivity values. Although 

the purity of currently synthesized samples can be larger than 99%, impurity scattering may still 

significantly suppress phonon transport, particularly for materials with high thermal conductivities.  

As a typical example, 0.1% boron impurities in WS2 can decrease the In and Cross to 114.6 and 

3.3 W m-1K-1 at 300 K, a reduction of 25.3% and 15.4% respectively.  The impurity scattering 

more strongly suppresses the In due to the significant contribution of higher frequency modes 

along this crystal plane, possibly explaining why our results agree better with the Cross reported 

by Jiang et al8. The In and Cross are mainly contributed by phonons spanning a broader (0-7 THz) 

and narrower (0-2 THz) frequency range, respectively.  
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Figure S2.  Phonon dispersion of bulk MoSe2. 
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Figure S3. Partial phonon density of states of the bulk (a) MoS2 and (b) WS2. Heavier atoms (Mo, 

W) dominate the lattice vibrations at low frequencies while lighter ones (S) dominate those at high 

frequencies.  

  

a b 



 7 

 

 

 

 

 

 

 

 

 
 

 

Figure S4.  Anticrossing effects in superlattices. Phonon dispersions of the (a, c) MoS2/WS2 and 

(b, d) MoS2 along two different Brillouin paths. The clear anticrossing effects (marked by red 

dashed lines) for the MoS2/WS2 superlattice substantially reduce group velocities. 
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Figure S5. Phonon density of states projected along the z axis for the MoS2/WS2 superlattice and 

bulk MoS2. Several sharp peaks for f < 6 THz in the density of states of the MoS2/WS2 superlattice 

result from the occurrence of band gaps at zone edges and anticrossings inside the zone. 
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Figure S6. Effects of mass ratio on phonon dispersions. Phonon dispersions along the A direction 

for (a) MoS2, MoS2/(0.5Mo)S2 (half the atomic mass of Mo is used) and MoS2/(2Mo)S2 (twice the 

atomic mass of Mo), and (b) MoS2, MoS2/Mo(0.5S)2 (half the atomic mass of S) and 

MoS2/Mo(2S)2 (twice the atomic mass of S). Increasing the mass difference leads to larger band 

gaps. 
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Figure S7. Cross accumulation as a function of phonon mean free path for the MoS2/WS2 and 

MoSe2/WS2 superlattices. Most heat is carried by phonons with coherence lengths far exceeding 

the periodicity of around 1.2 nm for the superlattices. 
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Figure S8. Phonon dispersions of the (a, b) WS2/2MoSe2/WSe2 and (c, d) WS2/2MoS2/WSe2 

heterostructures. Zoom-ins of the twelve low-lying phonon branches along the ΓA direction are 

shown in (b) and (d). More significant band splitting along the in-plane directions and larger band 

gaps at zone edges are observed for the phonon dispersion of the WS2/2MoS2/WSe2 

heterostructure. 
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