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p-type V and Nb substitutional doping of 2-inch MoS, wafer via liquid-

precursor CVD for high-performance device
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Abstract: Substitutional doping is an effective strategy for tuning the electronic properties of monolayer mo-
lybdenum disulfide (MoS,). However, due to its intrinsic n-type nature and the strong Fermi-level pinning in-
duced by native defects and interfacial states, achieving stable p-type modulation remains challenging. In this

work, monolayer MoS, doped with V and Nb was successfully synthesized via a liquid-precursor chemical va-
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por deposition (CVD) approach, where the doping level was precisely tuned by adjusting the precursor ra-
tios. p-type modulation was achieved through substitutional incorporation of V and Nb atoms. Electrical mea-
surements reveal a pronounced positive shift in the threshold voltage accompanied by a significant reduction in
electron concentration. In particular, the 1: 1 Nb-MoS, device exhibits the most pronounced modulation ef-

fect, with the electron concentration decreasing from 1. 33X 10" ecm ™% to 2. 19X 10" ¢cm™*

, corresponding to
a reduction of approximately 83. 53%. Nevertheless, all devices remain n-type without polarity inversion, in-
dicating effective p-type modulation of the electronic properties of monolayer MoS,. Notably, Nb doping ex-
hibits a higher p-type modulation efficiency compared with V doping. Furthermore, by integrating Raman
and photoluminescence (PL) responses, including A, peak redshift, PL peak redshift, intensity quenching,
and FWHM broadening, a quantitative correlation is established between optical parameter variations (as an

indirect indicator of doping level) and electron concentration changes (as a metric of doping-induced elec-

tronic modulation), providing an optical basis for assessing p-type modulation in monolayer MoS..

Keywords: MoS,; CVD; substitutional doping; p-type modulation; optical-electrical correlation
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