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Fig 1 Structural diagram of the MoS: FET (not to scale).
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Table 1 Material Parameters for MoS, FET

ZH MoS;
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Fig 2 (a)A comparison of the simulated and experimental®*! transfer characteristics after
defect incorporation is presented; (b)The normalized spectral response of the model with the
MoS> FET bias voltage Vps set to 1 V.
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Fig 3 Transfer characteristics and transconductance as a function of gate voltage for back-
gated MoS; transistors with different gate dielectrics (¥ps= 1 V): (a) Transfer characteristic curves
in linear scale; (b) Transfer characteristic curves in logarithmic scale; (c) transconductance (g»)
versus gate voltage.
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Fig 4 Operating characteristics of monolayer MoS: back-gate field-effect transistors (BG
FETs) with different dielectric layers (SiO2, Al,O3, HfO;). (a—c) Output characteristics of three
devices in the low-drain-voltage regime (drain voltage ¥ps swept from —0.1V to 0.1 V); (d—f)
output characteristics in the high-drain-voltage regime.
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Table 2 Performance of monolayer MoS; field-effect transistors with different gate dielectrics

Vi SS Gm Mobility On/off
WA
V) (mV/decade) (uS) cm?/(V-s) ratio
SiO; -0.657 80 202 234 10'°
AbLO; -0.602 73 371 180 10'?
HfO, -0.591 70 666 137 10'3

TR RWER 2 Frx, HABEMEHRE (threshold voltage, Vin) i8I Ips—Ve il
I KR AL M VRS I . T BRIE3ENE (subthreshold swing, SS) J2& i &
an VA T OOPR A e o 2 PR e da br,  HeRR e

_ [dogil)] <k0T> (Cox + CD)
SS = [W = [n10 q Cox (1)
55 (transconductance, gn) 5 WM 413 ) 8 1) 2 2%«
ol
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WRNAER R (field-effect mobility, ppg) 3ET F A fEFE;
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SRAHLBRIORN., B RTMHE MR 5 S-S W R . ST, pupp BN SiO2
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Fig 5 HfO, Thickness Optimization (a) Transfer characteristics in linear scale; (b) Transfer

characteristics in logarithmic scale; (c) Transconductance as a function of gate voltage;(d-f)

Output characteristics of devices with different HfO» thicknesses (10 nm/20 nm/30 nm).
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IR, 10 nm 28R 7EHEXERE . R SEMERIAS Bt 2 M Se Bl 1 AP . (R
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Table 3 Device performance of monolayer MoS2 FETs with different HfO» gate dielectric

thicknesses
JE R Vin SS S Mobility On/off
(nm) V) (mV/decade) (uS) cm?/(V:-s) ratio
1 -0.495 61 570 12 107
3 -0.510 62 643 40 10'®
5 -0.531 63 668 69 10"
10 -0.591 70 666 137 1013
15 -0.669 82 615 190 10'°
20 -0.764 103 545 224 107
25 -0.872 131 480 247 10°
30 -0.989 153 425 262 10*
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Fig 6 (a) Schematic band diagram of the MoS-HfO; interface, showing electron doping

induced by interfacial charge transfer. Electrical performance of a 10-nm-thick HfO, layer on



MoS; FETs at different Vps. (b) Transfer characteristics in both linear and logarithmic scales;
(c)Transconductance (g») as a function of gate voltage with its peak value extracted; (d) The
corresponding threshold voltage ( V:), minimum subthreshold swing (SS), maximum
transconductance (g.), and field-effect mobility (x) at various Vps (1, 2, 3, 4, and 5 V). These data
are extracted from the transfer curves depicted in (b) and the transconductance curves in (c).
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Abstract

With continuous scaling of silicon electronics, short-channel effects and power dissipation have
become severe, motivating atomically thin channels for low-power transistors. Monolayer MoS>, a
typical two-dimensional transition-metal dichalcogenide, is promising due to its atomic thickness,
direct bandgap, and good electrical properties, but its transport is strongly affected by interface
scattering and the dielectric environment. We construct back-gated monolayer MoS> FET models
using Silvaco Atlas in a drift-diffusion framework with trap/interface effects, calibrated against
experimental transfer characteristics, and compare SiO2, Al2O3, and HfO» gate dielectrics, followed
by HfO» thickness optimization. The high-x HfO; dielectric enhances gate capacitance and dielectric
screening, suppressing Coulomb impurity scattering and improving gate control. Compared with
SiO; and AlOs, the HfO, device achieves an on-state current of 435 puA at Vg = 1V, a
transconductance of 666 1S, a subthreshold swing of ~70 mV/dec, and an on/off ratio of ~10'3;
however, its mobility decreases to 137 from 234 cm?/(V:-s) for SiO> due to enhanced remote
interface phonon scattering. Thickness optimization from 1 to 30 nm shows non-monotonic
transconductance, and 10 nm HfO» offers the best trade-off between gate control and interface
scattering. Under Vps = 1-5 V, the optimized device maintains a subthreshold swing of ~70-81
mV/dec, an on/off ratio above 10!, and a mobility up to 262 cm?/(V-s) at 5 V, with short-channel
effects suppressed. This work clarifies the competition between dielectric screening and remote
phonon scattering and provides a quantitative guideline for gate dielectric design of high-

performance, low-power 2D transistors.
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