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Fig. S1 Raman spectra measured at the points A, B, and C in Fig. 1b. The Raman spectrum of the SiO2/Si 

substrate is also shown. 
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In the Raman spectra of the bulk flake (~432 nm thick) at RT, as shown in Fig. S1, 

specific peaks of SnS were observed at 161.7, 189.6 and 218.3 cm-1, which are 

consistent with the reported values.1–3 With a reduction in the thickness from bulk to A 

to B, the sharp spectrum became broader with a redshift. The broadening and redshift 

are considered to be due to a phonon confinement owing to the thinning effect.4,5 

When the flake thickness further decreased to 4.3 nm (point C), Raman spectrum 

suddenly disappeared at RT and was not recovered even at 3 K. In contrast, a clear 

spectrum was observed for the bulk SnS with a smaller full-width at half-maximum 

and larger intensity at 3 K, compared with that at RT. These results indicate that the 

disappearance of Raman peaks below a critical thickness of 4.3 nm originates from the 

surface modification rather than the detection limit of Raman measurement. 
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The a-SnOx/SnS hetero-structure was also observed for the point B (10.5 nm), as 

well as point A (13.8 nm), whereas only the a-SnOx layer was observed for the point C 

(4.3 nm), lacking apparent crystallinity. Notably, the HAADF-STEM image of the 

point B is more ambiguous than that of the point A, because it was difficult to obtain a 

clear electron diffraction image with the decrease in the flake thickness owing to the 

in-plane fluctuation, which originates from the surface roughness of the SiO2/Si 

substrate. As shown in Fig. S2c, the atomic configurations of SnS layers correspond to 

those of 2D SnS grown via physical vapor deposition and bulk SnS along the armchair 

c axis direction,2,3,6–10 where the largest carrier mobility can be obtained.11,12 The lattice 

constants were determined to be a = 10.7 Å and c = 4.2 Å, consistent with the reported 

values.8–10 The numbers of SnS layers at the points A and B were determined to be 17 

and 11 (17L and 11L), respectively. 

 

 

Fig. S2 (a) Cross-sectional HAADF-STEM images of SnS flakes at the points A, B, and C in Fig. 1b. (b) 

EDS depth profiles of SnS flakes along the dashed lines in Fig. S2a. (c) Crystal structure of SnS from a, b, 

and c axis. Enlarged cross-sectional HAADF-STEM image at the point A is also shown in comparison with 

a crystal structure model along the armchair direction. Sn and S atoms are shown in grey and yellow, 

respectively. 
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Fig. S3 (a) Typical optical image and (b) cross-sectional illustration of back-gated SnOx/SnS FET. 

Fig. S4 Id–Vg plots of (a) 12L and (b) 16L SnS FETs in the temperature range 300–100 K. (c) Relationship 

between depletion width WD and acceptor density NA at 100 K. NL is the number of SnS layers, which 

corresponds to WD. The highlighted region shows the estimated NA of SnS. 
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Fig. S5 Two-probe conductivity as a function of temperature for the 9L SnS fabricated 

via Au-exfoliation. 

Fig. S6 (a,b) AFM topographic images of SnS flakes (a) before and (b) after O2 plasma treatment at RT 
with the radio frequency power of 300 W for 450 sec. (c,d) Optical images with Normarski interference 

contrast of SnS flakes (c) before and (d) after ozone treatment at 200°C for 1 h. 
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Table 1 Typical etching rates of SnS in the early stage of annealing (<20 min) at different temperatures. 

Temperature (°C) 350 380 410 430 

Etching rate (nm/min) <0.1 0.9 2.0 >10 
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