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Figure S1 XPS characterization of the plasma-treated bulk MoS, sample. (a) XPS full spectrum. (b), (c) and (d) are the fitting diagrams of the high-resolution XPS

spectra corresponding to the Mo, S, and N elements, respectively. The RF power of the soft NH; plasma is 10 W, and the processing time is 1 minute.
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Figure S2 The TEM characterization of another thin-layer MoS, sample before and after NH; plasma treatment was used to support the experimental results in the
text. (a) and (c) are low-resolution TEM images of MoS, before and after processing, respectively. (b) and (d) are the corresponding high-resolution TEM images,
respectively. (e) An electron image of a pristine MoS; flake. (f) EDS layered image, EDS mapping images of (g) S element and (h) Mo element of pristine sample. (i)

EDS layered image, EDS mapping images of (j) S element, (k) Mo element and (1) N element of MoS, flake after treatment. The RF power is 20 W, and the processing

time is 2 minutes.
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Figure S3 Output characteristics of (a) the pristine thin-layer MoS, FET device and (b) the device after NH; plasma treatment with 10 W radio frequency power for

1 2

2 minutes.
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KPFM Characterizations of a pristine MoS, sample and two typical MoS, samples under 10 W, 1 min and 20 W, 2 mins treatment conditions. (a), (d) and

(g) are the optical microscope images of pristine MoS, samples used in the experiment. The thickness of these samples are 3 nm. After that, the sample in (a) was not

treated, the sample in (d) was treated with NH; plasma at 10 W for 1 minute, and the sample in (g) was treated with NH; plasma at 20 W for 2 minutes. (b), (e) and (h)

correspond to the KPFM images of the black frame area in (a), (d) and (g) respectively. (c), (f) and (i) are the potential diagrams at the red lines in (b), (e), and (h)

respectively.
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Figure S5 Optical microscope images of WS, monolayer grown by CVD (a) before and (b) after treatment (RF power = 10 W, time = 2 min). (¢c) Raman spectra of
pristine and treated WS,. (d) Enlarged image of LA(M) peak in (c). The increase in the intensity and area of the LA(M) peak indicates that as the processing time
increases, the phonon scattering lifetime and the number of scattering centers increase, indicating that the doping process of the sample cannot be continued for too

long to avoid causing too much crystal lattice damage on the sample.!
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Figure S6 PL spectrums of WS, monolayer. (a) Optical microscope image of pristine WS, monolayer. (b) PL spectra of the pristine WS, and the samples processed
at different times. Raman mapping images of (c) E,,' peak (355 cm!) and (d) A, peak (415 cm!) of sample processed for 2 minutes. (¢) PL mapping (630 nm) of

sample processed for 2 minutes. The RF power used in this experiment is 10 W.
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Figure S7 AFM images of WS, monolayer (a) before and (b) after NH; plasma processing. (c) The high-resolution N 1s XPS spectrum of pristine and treated W'S,.

RF power = 10 W, time = 2 min.

_—
=
-’

W4t
A —W 4L

e N 4f5/2
—W 5p;,

Intensity (a.u.)

_
o]
~—

1
i
B#lding energy (eV)
1
I
1

— Wt

? —_W 4f5/2
3 Y Spafz
-
=
wn
=
=P}
N
=
o
2 32 36 40
Binding energy (eV)

(b)

Intensity (a.u.)

Intensity (a.u.)

S2 1
k —S2p,,
1
]
158 160 I 162 164
Bindinglenergy (eV)
1
S2p ' —S2p,,

158

160 162 164

Binding energy (eV)

Figure S8 XPS spectrums of W 4f and S 2p (a)-(b) before and (c)-(d) after treatment of WS, monolayer. The W 4f peak is formed by the combination of W atoms

and S atoms, and W Sp is caused by the residual Na,WO, during the CVD growth process. The W 4f and S 2p peaks show obvious red shift after the treatment, which

is due to the incorporation of N elements in the WS, monolayer crystal lattice. It can be seen that after the treatment of NH; plasma, there is the doping of N element in

WS,, and the band structure has changed at the same time as the doping. The red shift of the W 4f and S 2p peaks can be inferred that the sample has occurred p-type

doping.?
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Figure S9 The (a) linear and (b) semi-logarithmic transfer characteristics of the WS, monolayer FET device, the RF power is 10 W. The threshold voltage has a

significant positive shift, which indicates that p-type doping has occurred after the NH; plasma treatment. The initial Vi, is -33.2 V, Vi, =-25.3 V after 1 min treatment,
Vi =-27.8 V after 2 min treatment. This shows that when the RF power is low and the treatment time is relatively short, the N element fills the S vacancies in the WS,
monolayer, reduces lattice scattering and increases the carrier mobility, and the sample is p-type doped. As the processing time increases, the surface produces many S
vacancies due to the etching effect of H radicals, which is greater than the p-type effect caused by N element doping, and then n-type doping occurs.
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