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Figure S1. (a) SEM image of large WSe2 thin film grown on Au foil by CVD.  (b) The Raman 

spectra determine the quality homogeneity of the monolayer WSe2 sample. The crosses in the inset 

correspond to the positions of the Raman spectra.
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Figure S2. Large-scale STM images of WSe2/Au(100) annealed at different temperatures in ultra-
high vacuum. Images (a), (b), (c) and (d) correspond to 450 K degassing for 30 minutes, 650 K 
annealing for 15 minutes, 670 K annealing for 30 minutes, and 720 K annealing for 30 minutes. 
(a) Sample bias 1 V, tunnel current 4 pA. (b) Sample bias 1.8 V, tunnel current 2 pA. (c) Sample 
bias -2 V, tunnel current 5 pA. (d) Sample bias -2 V, tunnel current 1 pA.
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Figure S3. The statistical step height distribution images are the unannealed WSe2 surface and the 

WSe2 surface after 720k annealing for 30 min. Among them, the unannealed surface randomly 

counts 150 step heights. After annealing, because the surface becomes very flat, the number of 

steps decreases, and only 50 randomly counts.
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Figure S4. (a) and (b) correspond to the Au (100) lattice direction (black arrow) and the Se-zigzag 
direction of WSe2 (red arrow), respectively. (c) Large-scale STM image with a rotation angle of 
0°, and its period length is marked in the figure, corresponding to the simulation diagram of (d). 
(c) Sample bias -50 mV, tunnel current 1 nA.
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Figure S5. Bias voltage dependence of 15°-twist WSe2/Au(100) moiré structure. (a) and (c) The 
STM images of 15°-twist WSe2/Au(100) under different bias voltages, (a) Sample bias 1.3V and 
tunnel current 100 pA. (c) Sample bias 100 mV and tunnel current 500 pA. (b) and (d) correspond 
to the fast Fourier transition (FFT) of (a) and (c). It can be found that the moiré structure disappears 
at high bias voltage.
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Figure S6. (a) and (b) refer to the 15°- and 0°-twist WSe2/Au(100) dI/dV spectra, respectively, 
and the logarithmic dI/dV spectra are at the bottom panels. The method is similar to a previous 
report1.
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Figure S7. (a) STM image of the unannealed WSe2 surface. The dI/dV spectrum of WSe2 across 
the steps is collected along the gold step with a height of 0.4 nm, and the dI/dV is mapped to color 
and drawn in (b). It can be clearly seen that no significant changes have been found in the electronic 
properties of WSe2 across the step. (a) Sample bias 1.8V, tunnel current 10 pA.
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Figure S8. 3D image of WSe2 surface after germanium intercalation. Corresponding to the text in 

Figure 4d. The scanning direction map of the tip is shown in the figure.
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Figure S9. (a) Variation of formation energy versus vertical distance between Au slab and 

monolayer WSe2 for both 00 and 150 twisted structures. (b) and (c) The averaged electron density 

difference for twist angle of 00 and 150, respectively. The dashed line shows the position of topmost 

Au layer along z direction.
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Figure S10. Electrostatic potential difference for Ge intercalated 00 twist WSe2/Au(100) 
heterojunction.
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The WSe2 electronic character was also seen to change due to the moiré transformation. 

Figure S11 for instance, highlights how the carrier concentration and even the doping type vary 

with annealing temperature. When the temperature increases, the initial n-type doping 

concentration of WSe2 increases. Annealing inevitably creates some defects2, though, as shown in 

Figure S12. Below 750 K, a defect concentration remains at the level of ~3.3 × 1011 cm-2, but 

increases significantly to 1.5 × 1012 cm–2 for 800 K. Therefore, we can safely rule out the defect 

contribution to the observed doping change for annealing at or below 700 K. This also suggests 

that high temperature treatment will make WSe2 more metallic and reduces its band gap. 

Consequently, the thermal treatment needs to be controlled within an appropriate temperature and 

time window, in order to effectively switch the WSe2 doping from p-type to n-type. 

Figure S11. dI/dV spectra obtained by annealing the samples in ultrahigh vacuum at different 

temperatures.
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Figure S12. STM image and dI/dV spectrum of two common defects on the surface of 800 K 
annealing WSe2. The defect corresponding to (a) is similar to the oxygen vacancy defect reported 
in the previous literature3, 4, and the defect corresponding to (c) may be a defect formed by the lack 
of underlying atoms. (a) Sample bias 1 V, tunnel current 2 nA. (c) Sample bias 1.5 V, tunnel 
current 700 pA.
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