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Supplementary Information 
 

Discussion of the Tip-sample Distance Influencing 
 

We also performed other independent STS measurements to clarify the concept of 

tip-sample distance influencing the in-gap states. Since the exactly tip-sample distance is 

difficult to know, we use the effective resistance of the vacuum barrier to represent the 

tip-sample distance in the following discussion. From the basic concept of tunneling, the STM 

tunneling current is proportional to tip-sample bias (V) and tip-sample distance (d): 𝐼 =

𝐾𝑉𝑒!!", where K, k are constants. The effective resistance of the vacuum barrier (R) is: 

𝑅 =
𝑉
𝐼
=

𝑉
𝐾𝑉𝑒!!"

= 𝐾!!𝑒!!   ,𝑅 ∝ 𝑒! 

The resistance is proportion to the exponential function of tip-sample distance.1  

During the constant-current-mode scanning, the bias voltage and tunneling current are 

the set-points. In the manuscript, we used two set-points: V = -0.5 V, I = 0.5 nA and V = -1 V, I 

= 1 nA. These two set-points were kept the tunneling barrier resistance as 1 GΩ. In Zhang’s 

work,2 they used the set-point: V = 2.7 V, I = 15 pA, for which the tunneling barrier could be 

regarded as 180 GΩ, indicative of larger tip-sample distance than ours. 

 We also utilized a higher resistance of set-point to yield a result similar with theirs, 

measuring at 77 K. In the Figure S1, the STS set-point was chosen to be V = 1.5 V, I = 0.3 nA, 

of which the effective resistance is 5 GΩ. The STS curve is now consistent with previous 

publications.2,3 



 

Figure	  S1:	  STS	  measurement	  of	  monolayer	  MoS2	  on	  HOPG,	  the	  measuring	  temperature	  is	  77	  K.	  The	  

set-‐point	  is	  V	  =	  1.5	  V,	  I	  =	  0.3	  nA.	  The	  effective	  resistance	  of	  the	  vacuum	  barrier	  is	  5	  GΩ.	  The	  curve	  is	  

averaged	  from	  100	  tunneling	  spectra	  at	  a	  single	  position.	   	  

	  

 In Figure S2, we used the different set-points to get a shorter tip-sample distance. The 

effective resistances are 2 GΩ and 0.5 GΩ. We can observe the in-gap states exist, and also, 

when the resistance is decreased to 0.5 GΩ, the signal becomes stronger. The in-gap states 

are broader than the spectra shown in the main manuscript. The origin could be the measuring 

environment. The STS curves in the main manuscript were measured at 4.4 K, resulting in 

thermal broadening (~4kBT for STS) of only 1.5 meV, whereas at 77 K, thermal broadening s 

significantly higher, ~27 meV. 

 

Figure	  S2:	  A	  series	  STS	  measurements	  perform	  with	  smaller	  tip-‐sample	  distances.	  The	  measurement	  

temperature	  is	  77	  K.	  The	  effective	  resistances	  in	  this	  figure	  are	  2	  GΩ	  (set-‐points:	  V = -‐1	  V,	  I = 0.5	  nA)	  

and	  0.5	  GΩ	  (set-‐points:	  -‐ V = -‐1	  V,	  I = 2	  nA).	  Each	  curve	  was	  taken	  at	  a	  single	  position	  and	  averaged	  

over	  100	  times.	  In	  these	  cases,	  we	  can	  observe	  the	  in-‐gap	  states.  

 

By comparing Figure S1 and Figure S2, although we didn't perform a series of STS with 

continuously changing the tip-sample distance, we still can conclude that the tip-sample 

distance plays an important role in the observation of these in-gap states. 
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