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Calculation of SHG intensity from second-order susceptibility

The total SHG intensity in the heterostructure with an angle between two layers, 1,(8), is
expressed as?
1,6)=1,+1,+2/I;],cos 6 (1)

where In(B) stands for the SHG intensity in the stacking heterostructure; 8 is the stacking
angle, which is defined as the different angle between two stacking layers and is 60° in AA’

stacking. Meanwhile, the SH intensity | is proportional to the square of polarization P as
2
I ¢ P” The relationship between polarization and susceptibility is?
p= X(l)E + X(Z)EZ + X(3)E3 +. 2)
(X(l)) (X(Z)) (X(3)) . . Lreas
where , and stand for linear, second-order and third-order susceptibilities,
respectively; and E is the electrical field of the incident light. Hence, it can be deduced that

242
I x (X( )) and the equation (1) can be written as

WO+ (D) 4 2D Pleoso
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Optical micrograph over a wide area and a histogram of grain sizes

Figure S1. Optical micrograph over a wide area of MoS,/WS, heterostructures (black
numbers), bulk flakes (red numbers) and small monolayer WS, (blue numbers). Scale Bar, 100

pum.

Optical characterization of MoS, flakes on the substrate with NazMoOa4
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Figure S2. Optical characterization of MoS:2 flakes on the substrate with NazMoOQa. (a) Optical
microscopy images of MoS: flakes (Scale Bar, 25 pm). (b) PL and (c) Raman spectra of the

marked positions in (a), respectively.



AFM characterization of a typical MoS2/WS: heterostructure
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Figure S3. AFM image. (a) AFM image of M0S2/WS:2 heterostructure (The holes are created by

the etchant of sodium.3 (Scale Bar: 10 um). (b) the height profiles of marked lines in (a).

Statistical data of anti-pyramid heterostructures
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Figure S4. Statistical data of anti-pyramid heterostructures. (a) An example of a non-anti-

pyramid heterostructure (Scale Bar, 10 um). (b) Statistics of anti-pyramid heterostructures

and others.



Artificial anti-pyramid MoS2/WS: heterostructure
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Figure S5. Artificial anti-pyramid MoS,/WS, heterostructures by transferring a thin film of
monolayer WS, on triangular flakes of monolayer MoS,. (a) Optical image of an artificial
heterostructure (Scale Bar, 5 um). (b-c) Raman mapping at (b) 385 cm™ (MoS,) and (c) 351

cm (WS,) with a 532 nm laser, respectively. (d-e) AFM (d) topographic and (e) phase images.



Diffusion of precursors
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Figure S6. Control experiment of Na2MoOas diffusion. (a) Photography of a blank substrate and
substrate coated with Na2MoQa. (b-i) Optical microscopy images of the marked position in (a)

(Scale Bar: 100 um). The MoS: flakes on the blank substrate indicate the diffusion of Na2MoOa.



Figure S7. Control experiment of Na2WOa diffusion. (a) Photography of a blank substrate and
substrate coated with Na2WOa. (b-i) Optical microscopy images of the marked position in (a)

(Scale Bar: 100 um). No WS: flakes on the blank substrate indicate no diffusion of Na2WOa.



Growth result of the mixture Na,MoO, and Na,WO,

Figure S8. Growth result of the mixture of Na2MoO4 and Na2WOa as precursors. (a) Optical
image of a flake (Scale Bar, 10 um). (b-c) Raman mapping at (b) 385 cm™ (MoS;) and (c) 351
cm (WS,), respectively. Clearly, the mixture of Na2MoOs and Na2WOa as precursors forms a

lateral heterostructure instead of the anti-pyramid vertical heterostructure.
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