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Why TMDC heterostructures?

© ©

(a) Conduction Band

Valence Band @ _/ ?

(a) Different types of vdWH band structures.['l (b) Excitonic behavior in Type-II alignment vdWH.[?!
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How: Multiscale approach

10° = Geometry optimization performed by
MoS,/MoSe, — WS,/WSey, — -Ei [11[2]
 MoS,WSer —  MoS,WSs — Force-Field
~ qg2 [ VSAMoSee T MoSelSe, T = Electronic properties calculated by
< DFTBE!

101
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Twist angle (°)

= Lattice size: 10" - 103 A
= Number of atoms: 50 - 5x10°

[11J. Appl. Phys. 2013, 114, 064307.
[2]1/. Phys. Chem. C 2019, 123, 9770.
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R-type stackings - MoS,/MoSe, at 0°

TECHNISCHE
UNIVERSITAT
DRESDEN

@ .-
N
'/ \ /
\
\\_
JLY
~
I
\
\~_’l
,——s ,f"*
I 1
'\ s
i N ’
M X
Ry R}
|

rMaJdr

6.4

oz
A DRESDEN (‘
concept »



R-type stackings - MoS,/MoSe, at 0°
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MoS,/MoSe, at different twist angles
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(a) Magnitude of corrugation of each layer. (b) Area of domains and node
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MoS,/WS, at different twist angles
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(@) Magnitude of corrugation of each layer. (b) Area of domains and node
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Theory vs experiment

(a) (b)
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MoS,/MoSe, flake systems

Stacking angle
x 0.0° x 3.0° x b2° * 548° * 57.0° * 60.0°

\\

Flake size (nm)

The effects of flake size on (a) twist angles and (b,c) moiré superlattice constant upon relaxation

W Li, T Brumme, T Heine. Relaxation effects in transition metal
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MoS,/WS, at 3° : Spin, angular momentum and g-factors

Energy (eV)
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MoS,/WS, at 3° : Spin, angular momentum and g-factors

R-type stacking
> 5 | ghs -1.2 2.78
> o | a '
2 / N transition v—-c v c+]
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MoS,/WS, at 57° : Spin, angular momentum and g-factors

H-type stacking

% ghs -2.28 1.7
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Summary

= Significant lattice reconstruction
= Domain formation

= Qut-of-plane corrugation Twist angle

= Commensurate vs incommensurate model

= Spin orbital coupling effect and exciton g-factor
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R-type stackings - Relaxed MoS,/MoSe, at 0° and 6.6 °
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Backup: MoS,/MoSe, and MoS,/WS, at small twist angles
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Backup: Force-field method

XX P2Ri) + XX X d3(Rij, Rik, Oijk)

i j>i [ jEik>]
bond stretching + angle bending
Intralayer
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Backup: DFTB

Foerlp] =Ts[p] + | dr vexe(rIp(r) + Eulp] + Blp]

‘ expand at p,

Eprrelpo + 6p1=E°[po] + E'[po, 6p] + E*[po, (6p)?]
+ Eg[pOi (5:0)3]
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Backup: MoS,/WS, at 2.5°

6=2.50° 6=2.50°
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