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TABLE S1. Monolayer MX2 system and band gaps, optimized lattice constant a (Å), Young’s modulus

Y(N/m) and Poisson’s ratio v, electron and hole effective masses along armchair direction, deformation

potential constants for CBM and VBM along armchair direction. Other theoretical data are also listed in

parentheses for comparison

System EPBE
g (eV) a(Å) Y(N/m) v m∗e(m0) m∗h(m0) De

l Dh
l

MoS2 1.67 (1.671) 3.18 (3.181) 125.91 (127.31) 0.25 (0.241) 0.48 (0.552) 0.59 (0.562) 2.91 2.48

MoSe2 1.44 (1.441) 3.32 (3.321) 101.20 (104.81) 0.23 (0.231) 0.59 (0.492) 0.68 (0.612) 2.57 2.31

MoTe2 1.08 (1.071) 3.55 (3.551) 78.52 (79.91) 0.24 (0.241) 0.61 (0.652) 0.72 (0.642) 2.06 1.95

WS2 1.81 (1.821) 3.18 (3.181) 141.25 (141.91) 0.21 (0.211) 0.33 (0.462) 0.42 (0.422) 2.23 2.19

WSe2 1.54 (1.541) 3.31 (3.321) 120.73 (114.41) 0.23 (0.191) 0.36 (0.482) 0.46 (0.442) 2.67 2.34

WTe2 1.06 (1.051) 3.55 (3.551) 90.57 (88.81) 0.20 (0.171) 0.29 (0.283) 0.39 (0.543) 1.95 2.69
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FIG. S1. Band structures of the vdW MX2 heterostructures with AA and AB stacking types.
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FIG. S2. Band structures of the AA and AB stacking vdW MoSe2-WSe2 heterostructures and atomic orbital

weights in the energy bands. The blue and orange circles represent d orbitals of the cations. The green and

red circles represent px + py and pz orbitals of the anions, respectively. The size of each circle is proportional

to the weight of the atomic orbital.
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FIG. S3. Band structures under HSE06 hybrid functional of the vdW MX2 heterostructures with AA and

AB stacking types.
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FIG. S4. Band calculations with SOC of the vdW MX2 heterostructures with AA and AB stacking types.



7

M
oS2-W

Se2

M
oS2-W

S2

W
S2-W

Se2

M
oSe2-W

S2

M
oSe2-W

Se2

M
oS2-M

oSe2

M
oTe2-M

oSe2

M
oTe2-W

Se2

M
oTe2-W

Te2

W
Te2-M

oSe2

W
Te2-W

Se2

    
    

    
M

oS2

    
    

    
M

oSe2

    
    

    
M

oTe2

    
    

    
W

S2

    
    

   W
Se2

    
    

    
W

Te2

(a)

(c)

(b)

(d)

(f)

C
 (

N
/m

)

4

6

80

120

160

2

4

6

2

0.7

0.3

0.5

4

2

0

D
l (

C
B

M
)

D
l (

V
B

M
)

m
*

e
 (

m
0
)

m
*

h
 (

m
0
)

FIG. S5. The calculations of the three factors (elastic modulus , deformation potential (DP) constant and the

effective mass ) for carrier mobility along armchair of monolayer MX2 and the vdW MX2 heterostructures.
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TABLE S2. The calculated elastic constants of the vdW MX2 heterostructures in units of N/m calculated

using PBE functional and the formation energy.

System Stacking type C11 C12 C44 E(eV)

MoS2-WSe2 (II) AA 232.54 58.98 90.24 -0.56

AB 228.02 62.25 90.46 -0.54

MoS2-WS2 (II) AA 257.57 64.42 98.00 -0.65

AB 257.34 62.78 97.76 -0.63

WS2-WSe2 (II) AA 245.38 63.24 91.64 -0.68

AB 242.76 62.34 88.23 -0.65

MoSe2-WS2 (II) AA 288.16 88.2 87.63 -0.56

AB 302.74 95.42 88.49 -0.54

MoSe2-WSe2 (II) AA 236.36 64.28 86.74 -0.60

AB 230.66 64.86 87.29 -0.58

MoS2-MoSe2 (II) AA 249.52 64.63 90.33 -0.44

AB 248.03 66.20 91.87 -0.41

MoTe2-MoS2 (II) AA 225.38 80.23 80.32 -0.13

AB 223.12 76.54 72.74 -0.10

MoTe2-MoSe2 (II) AA 204.60 63.71 77.39 -0.15

AB 214.13 54.10 79.79 -0.14

MoTe2-WS2 (II) AA 223.87 62.95 80.08 -0.02

AB 216.66 67.13 74.91 -0.01

MoTe2-WSe2 (I) AA 199.87 56.85 77.00 -2.12

AB 206.26 48.81 79.64 -2.19

MoTe2-WTe2 (II) AA 160.89 62.87 63.87 -0.30

AB 180.83 40.33 69.68 -0.28

WTe2-MoS2 (III) AA 176.32 35.11 72.56 -0.05

AB 205.09 57.29 74.07 -0.01

WTe2-MoSe2 (II) AA 198.64 54.23 78.39 -0.27

AB 206.41 45.45 79.78 -0.26

WTe2-WS2 (III) AA 197.09 39.93 79.21 -0.19

AB 254.30 73.13 80.47 -0.17

WTe2-WSe2 (I) AA 189.41 63.15 75.81 -0.39

AB 207.91 45.92 80.74 -0.38
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