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Figure S1 | The schematics of the experimental setup of the planar E-mode ICP

source.
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Figure S2 | A representative AFM surface morphology of the SiO,/Si substrate
consisting of the treated area under SFs + N, plasma environment for 2 hr and the

covered area.
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Figure S3 | (a) A large-area thick MoS; multilayer and (b,c) its corresponding etched
samples by combining the fine and fast etching modes at power densities of 0.8 and
1.2 mW/cm?, respectively. a) Optical image of pristine MoS, flakes; (b) after 20 min
etching at 1.2 mW/cm?; (c) after 4 min etching at 0.8 mW/cm’. (d) and (e) are the
corresponding AFM images of the squared regions in (a) and (b), respectively. The
rms roughness in (d) and (e) is 0.7 nm and 0.8 nm, respectively. (f) The AFM depth

profiles of MoS, as denoted by blue lines in (a-c). Scale bars in (a-c) are 10 pm.



Figure S4 | Optical images of the pristine sample used for etching in Figure 2: before
(a) and after (b) SFs+N,+H, plasma etching at an input power density of 4.0 mW/cm’.
The A area is made of ~158 MoS, layers, the B area ~87-91 layers, the C area ~53
layers, and the D area ~106-109 layers. The etching thickness of SiO, after this

plasma process is estimated to be about 20 nm deduced from the AFM results.



Figure S5 | (a) Optical images of a large-area thick MoS, flake. (b) The same
sample after 10 min etching at a power density of 2 mW/cnr’; (c) after another 10
min etching at the same power; and (d) after further 10 min etching at the same

power. Non-uniform and rough surface was observed on the etched MoS, flake.
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Figure S6 | Two typical optical images of plasma-etched MoSe, flakes. (a) Pristine
MoSe, flake showing 3 layers; (b) monolayer (1L) after 1 min fine plasma etching;
(c) corresponding Raman spectra and (d) PL spectra before and after this soft
plasma thinning. About 2 layers were removed after the etching process. One can
see that as the number of MoSe; layers was decreased, the A, Raman mode shifted
from 242.9 to 241.1 cm™, which was in good agreement with previous report [see
Nano Lett. 12, 5576 (2012)]. The PL spectra also showed a large enhancement
when the 3 layers of MoSe; were thinned down to monolayer. Similar to MoS, PL
results, this enhancement in PL for single-layer MoSe; can be attributed to an

indirect-to-direct bandgap transition.



Supplementary Table

Table S1 | Summary of competitive advantages of our soft plasma etching method of thinning

MoS; compared to other methods such as thermal annealing, laser thinning and Ar plasma

thinning.

Number of layers

- - *
ctched 1-7 Unkown 1-3 Any
1 layer/180 s
(fine etching
Layers removal mode)
rate 1 layer/hr Unkown 1 layer/115 s 290 layers/hr
(fast etching
mode)
Domam‘area Yes Yes No No
reduction
Etching residues No Yes Yes No
left on surface
Damage to Yes Yes No No
underlying layers
Selective etching
between MoS, and Yes Yes Yes Yes
SiO,
Vacuum needed Low Low Medium Medium
Control'lablhty on Low Unable Medium High
etching rate
Scalability Low Low High High

*In this work the results of up to 90 layers are presented.



