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[bookmark: _Toc170923026]Section 1. Current noise measurements in the AFM system
To detect the current noise of the AFM (NT-MDT) current measurements, we adopted the same structure as in Fig. 1, used the AFM tip static contact with the graphite flake, and the measured current noise Inoise is shown in Fig. S3a, where the x-axis is 256 data points collected in each cycle (the frequency is 1Hz), and the y-axis corresponds to the scanning line of each cycle. We further averaged the 256 data points of each cycle to obtain the relationship between the average current noise Inoise and time t (Fig. S3b). It can be seen that the noise in current was maintained at the order of 1 pA, which was much smaller than the measured current in Fig. 2 and illustrated the reliability of the measured current.
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Fig. S1. Current noise measurements for AFM (NT-MDT) system. (a) Current noise Inoise map for 256 cycles (the frequency is 1Hz). Each cycle collects 256 data points. (b) Relationship between the average current noise Inoise and time t.

Section 2. Domination of interfacial resistance.
The current measured in Fig. 2 is predominantly influenced by the interface of structural superlubric microscale graphite/MoS2 contacts. For the entire experimental system depicted in Fig. 1d, the total resistance () can be expressed as the sum of the contact resistance between the AFM tip and the Au cap (),the resistance of the upper flake (), the resistance of the graphite /MoS2 contact’s interface (), and the resistance of the MoS2 substrate (). Specifically,  is the combination of the contact resistance between the upper graphite flake and the bottom MoS2 flake.
The value of  is measured at approximately 104.  originates from three parts: the first part is the resistance of the Au cap, the second part is the spreading resistance of the Au cap on the graphite regions in the upper flake, and the third part is the resistance of the graphite regions in the upper flake. The first part is calculated to be less than 1. The second part is estimated at approximately 8, based on the results in Ref. 7[16]. The third part is determined using the formula of , where  is the c-axis conductivity of graphite (3.810−3 )[16],  is the height of the graphite regions in the upper flake, and  is the section area of the upper graphite flake. With = 100 nm and  = 16 , the third part is calculated at approximately 24 . Similarly,  is the sum of the resistance of the MoS2 which is 4×105 . 
Consequently，the sum of , , and is less than 4.1×105 . Furthermore, combing that  approximately ranges from 107 to 1010 in Fig. 1d, it is reasonable to consider that  is approximately equal to .

Section 3. Effective Removal of Surface Contaminants on MoS2 through UHV Annealing and Graphite Flake Sliding.
To eliminate interface and surface contaminants, several methods were employed. First, MoS2 was annealed in an Ultra-High Vacuum (UHV) environment, and Scanning Kelvin Probe Microscopy (SKPM) scans before and after annealing indicated a reduction in surface potential by 0.13 V, suggesting that UHV annealing effectively removed adsorbed surface contaminants. Additionally, sliding a top-layer graphite flake across the surface helped to clean contaminants, as shown in Fig. S4a, where the potential in the sliding regions is lower than in the non-sliding areas. The yellow line in Fig. S4b illustrates a potential difference of 0.15 V between areas with and without contaminants. Furthermore, as seen in Fig. S4c, a FIB cross-section of the cleaned structure was imaged by TEM, confirming that no contaminants remain at the interface.
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Fig. S2. (a) SKPM scan of MoS2 surface before and after UHV annealing showing regions with sliding and without sliding. (b) Potential profile across the MoS2 surface, with a 0.15 V difference between clean and contaminated areas. (c) TEM image of the cleaned interface after FIB slicing, confirming the absence of contaminants at the MoS2/graphite interface.
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