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Figure S1. The AFM images of sputtered BMN thin films with topography mode. The topography of sputtered 
BMN layer in the center region with scanning size of (a) 2 μm 2 μm and (b) 5 μm 5 μm, respectively. (c)  ×   ×  
The topographies of sputtered BMN layer close to the edge region with scanning size of 5 μm 5 μm. ×  
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Figure S2. The output characteristics (Id-Vd) of device type 2 with (a) positive Vg and (b) negative Vg.

Figure S3. (a)The UV-vis of thin and thick MoS2 films; (b) The corresponding plots of (αhυ)2-hυ to 
verify the bandgap of thin and thick MoS2 films.
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Figure S4. The energy band alignments of the homojunction-MoS2 device with (a) Vd>0 V and Vg>0 V, 
(b) Vd<0 V and Vg>0 V, (c) Vd>0 V and Vg<0 V, (d) Vd<0 V and Vg<0 V, respectively. (drawn not to 
scale)

Figure S5. The transfer properties of device type 3 based on thick MoS2 (~62 nm).
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Figure S6. (a) The microscopic image of the multilayer MoS2 TFT. (b) AFM image of the channel region 
in the multilayer MoS2 TFT. (c) The thickness of ~20 nm MoS2 in the multilayer MoS2 TFT measured 
by AFM. (d) The transfer characteristics of the multilayer MoS2 TFT (device type 1). (e) The 
microscopic image of the homojunction MoS2 TFT. (f) AFM image of the channel region in the 
homojunction MoS2 TFT. (g) The MoS2 films in the homojunction MoS2 TFT with thickness of ~17 nm 
and ~58 nm, respectively, measured by AFM. (h) The transfer characteristics of the homojunction MoS2 
TFT (device type 2). (i) The microscopic image of the thick MoS2 TFT. (j) AFM image of the channel 
region in the thick MoS2 TFT. (k) The thickness of ~56 nm MoS2 in the thick MoS2 TFT measured by 
AFM. (l) The transfer characteristics of the thick MoS2 TFT (device type 3).


