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semiconductors with carrier mobility exceeding 1400 cm® V' s' 8} (¢) relationship between carrier mobility and bandgap for different 2D

semiconductors”®); (d) hole and electron mobilities of 2D semiconductors calculated from first-principles using the Boltzmann transport equation!
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Figure 6 (Color online) (a) In-plane and out-of-plane static dielectric constants of 32 layered vdW dielectric monolayers obtained via high-throughput

screening™"); (b) high-throughput screening workflow for 2D dielectric materials and the lattice structures of 2D dielectric materials with wide bandgaps

and high dielectric constants'®'); (c) band alignments of monolayer MoS, and 9 dielectric materials with wide bandgaps and high dielectric constants®;

(d) relationship between dielectric constant and bandgap for conventional and fluoride dielectric materials®®®); (¢) benchmark of various dielectric

materials based on their dielectric constant and bandgap, where solid symbols represent layered materials, while open symbols indicate nonlayered

materials®”!

PEEARPERE (B 4) 0072 35 DR ) B 2442 15 32 Herbert
Kroemer§ $2 tH: A ENE#3{F(the interface is the
device), 1 PE SR IR T B A S AR v A S .
2D FETsH'1W & J@—f SR ya B H il A e T80+
HEARCRE AR, & DA RS iz fh . h 2%
P SIS ik (114). Horb, Tolsm 22 4544 1) vd W]
BRosnl ARRZES A, BRI R 1 AR I3 KA fi

PR 3 5 A T 3 4 K R Rk e
BELOY, AE R T b A v T 1 G i Al A B e Kl
FRE E BER o, SO SE BT BB AR, A 2 g i
MR PTHFOUEY, nIAE T | iR Aol G R kT i i £
fith,  DATIT A 200 U ik BEL - T FRR S, fE 52y
Z\ et U1 ) 5 ) T G A A 0 5 B TRTRLRS, 5 1R ARF
PERE R B A MR 2E R i R AL R ARSE L. M )E S



N I

YRR SRR AL A TR 2D FETs A9 ) — R
T, FCRE Al B s s B T L TR TR LA
K R(EIR RS A m b as . AL A
Jry N AR A R B SR U . O A TR T S 30
R mrcf AR (UNCaF, . ALO;. SrTiO;%)
A5 Y R TE Y N TC B A A v AW 3 BT,
T 8. 5 ARV o (L PR O st B R At 708, 5
AZWZUSb,05. ALOs) W AT SZEAA B JZ (1345
DUBD R0 T b, A4 i i 0L Ak,
F A AL (10 Bi,SeO5)VE 1 Bi,0,Se il B
W2, B E B R A A5 T A T A o RN R
ﬁlé[]m].

e 4B PRV TR Al B, Ao e A fk L B
JEi 292D FETsHERESETHIAZ OIS —. BHEHITR R
B, B fih e BELY) 32 BRI T 4 i 5 2 SR A 1) B oK B
RETHLAOY(E7(2)) . vAWIEIBR LS A BRAR 1 Fr sk 22
2 N R IFAEU BiAE2D FETsH 4B —E S
PARVA B Al () 2l H b2 SR AR A e BH,  FF(H B4
JE& Ty bR BB U 4 S B P R 9 3R T 2R R A
H 0L AR, R UL R A SRR S e R S
TMDsZ [H] (1 &6 2R B & T30S T T e, T2 Ak
BT s A al 2 A0 BVE R Al Bt 1w, 0 )R
5 A B2 (metal-induced gap states, MIGS)JF-IE ™
PR BESAETHL(E 7 (b,0)) 0> 1010 Bl = 44w 5
T AR v AWHZ R A I G v A 1S
PORBESETHL, (EHH A vdW ] BRAEASAE 1 45 34 4p
ZHM G RSN RE E A, FEIRAE R A
R, DTS 5092 i L BEL P T e 1) A T A
&, USSR B RE A ) S v o, (HAE
TR EE BRI 25 6 75 1B B S0 fl SR 80, S
TR AE AR M. 1N, LT DFT+NEGF J7 12 i it
K1 nm AR ) MoS,-MOSFET,  HoF 13 {8 £ 1%
(66 mV/dec)!' 5528645 B (65 mV/dec) !5 BE—FL.
SR, ASLAUIAS 2] () e R 2 F 7 20 L S 6 {1 o5 1 A,
s R A T R AR R FH T 5L A R AR KRR
fbfiis, TSEBRAE A EAR ) A RE LA
A= RN E = R =1 € N3 WA R e 4 1 1 S
.

R, =4 R (UIBi. Sb. ASFETEK
REAL A B AR, I SO 48 175 510 5] iR
A, L R REZLUTHC, MM k25 155 2 K Re gL ETHL
SRR S A AT 1 A S 4 42 R A el BEL (P17 (e, d))H 07100,

10

MH, =4i4 8 A H iePuE s & Al 5 ey m
2, Hi hp il AT 5 TMDSTE S0 1 ik e &,
B P42 A i PR A SR, DA — o R L1 55
FHvdW B BRE | AR B INRE 2 30 &a, (LR il ik RE 42200
BRI BR=dik e mah, BUEBRIT & B
Oy ZHE IR A B AN A R A T eR ECEL A BRI T R
B, A 4 b SR il A ) SR ET LA IR
A 55 =& RMRIMEN, #—5#hTES
HABES RN — 4k &8 LR R, filn, 3
WIHE RN, Z(Y)BRiES — diinSe kA 2k Sk
4@ IAAS, Al InSe-MOSFETSIE i KR i fioh, 4%
firk L BELAE 2262 Q pum 0% 739 % A OTH BIDFT
+NEGF i) /538 5 5 155 5 1 8 7057 T 5EAL i MBenes 4
JE AR T 8B E AR e MR AR A SR A, LT
B %2.58~6.51 eV(Kl7(e)), T 5MoS,. WSe, 5L Fh
MR A P AATE pln 5l p 28U AR ik, LA fih i LI
£41.6 Qum, CiETETHERET7(fg). Thaefbry
MXenesFE % (Y3 BRI T-1.83~5.74 eV(E 7(h)), Al 5
JEMoS, AJ JE B 42 i,  HAMLX(OH), 5 HLZMoS,
FEMM A FEAL 2100 Q pm!' ™. HA 55 5 2 R AR AUNDS, |
TaS,. TiSe,MINbTe, 55 _4i4/E, tHHESHEMoSIE AL
IR fl A7 Sk AR Ak L BELE 4T el o Sk
2H-MoS, e Ak R4 il X 4 J& A6 1 T'-MoS, i AT H42 ki i KL
F#22240 Q pml"L 1 H, 1T'4HMoTe,. WTe,. PtTe,fl
VSe, NI pRER T R4.3~5.8 eV(E7(1)), T =4eF4
JEBi(4.1 eV)FISb(4.4 eV), HILHE A 7 Sphlf Sk
BT B AR ik, AT R ARG el BEL (&1 7 G k) 114, —
AP TE 42 I8 ZrTe, 55 MoS, A it 5 1t 2 30 11 WAt
FefilRet, T EAS TR SRS SRS T
AR,

7E2D FETsIMA5H ., #4% — 4ep SR 8 S5
A HL 0 B vd WAl LI, SEEAE RO (BN 4
e ARVAIE, SR ELE R T2 S A I T Al A
) B AR, Bl B R PR R AR TR RE AR G, (2
FHEBE S I AR A A A S AR A, Kl S
PRI R, DTG R IIHE. A B 2 A e A
LB, RIS RIA AR B R 08 v, doss ik
T EL LI . SR AT 56 LU RRAR 45 Im) i, 3
PEE IR T RE B & Bt Kt 2D FETsHY & MRS at
AAARIS T H 2 I ASEPERE G BR 5 A L H £, 18
o DR UE ST S5 MW F 2 A0 2 L5 B vk, T 5 20 P )
etk



Bl 7 (MERUE ) (a) RHIEIE S5 HEMoSREHHES R KRG LR NS, (b) MoAE 428 55 502 TMDs S e i S T 2549 K R HE
T (o) FAAERURAEAE A R 75 S ] BRAS I 420 - SR S RRAS S B, (d) 12400 4R 5 ek S i Al 7R 25 s (o) SRR
TMDs 587 MBenes4: 8 (U REHEFI %% (f) {8 FHMBenestE i FL b (1IMoS, 3 800] S A 7 FE I, (@) MoS, 30U i A A AR ) 24 40
b R AR LR, 35 (R R TR, (h) (RMEA IR . STREIEMXenes 14t 4 @ ALtk AU L R ERU Y () 1448 =41 4R SvdWl 4
H DR Y; () vaW A4 I R SR R AR AL R R Y, (k) vdWRR SR 5 ek A e R R

Figure 7 (Color online) (a) Schematic of the band alignment and Fermi level pinning between bulk metals and monolayer MoS,!"*!; (b) schematic of
the actual interfacial structure and band alignment between bulk metals and monolayer TMDs!®*!; (c) schematic of the density of states in the metal-
semiconductor junctions with and without MIGS!'®; (d) band structures of conventional semimetal-semiconductor contacts'''); () band alignment of 5
monolayer TMDs with 8 MBenes metals!"'”; (f) schematic of a MoS, FET using MBenes as contact electrodes''”’; (g) contact resistance of MoS,
transistors with different types of contact electrodes, with the blue dashed line indicating the quantum limit"'®; (h) work function of bulk metals,
MXenes, and 2D metals!'®!; (i) work functions of conventional 3D semimetals and vdW semimetals!"'¥; (j) schematic of the crystal structure for vdW
semimetal-2D semiconductor contact!''*; (k) band structures of vdW semimetal-2D semiconductor contacts!'!¥!
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Figure 8 (Color online) (a) Schematic workflow for screening materials with a band gap (2.5 eV) and dielectric constant (=5)1?!; (b) receiver
operating characteristic (ROC) curve (red line) of the gap classifier on the test setl®l; (c) ROC curve (red line) of the dielectric constant classifier on the
test set!®]; (d) schematic of ensemble learning (EL) based on the decision-tree algorithm for machine learning (ML)-assisted MoS, device process
optimization'"®!; (¢) diagram of co-optimization procedure based on ML!"®; (f) more than 500 MoS, TG-FETs summarized in a u—Vx plot, each color
corresponds to one process recipe!'*; (g) workflow for the efficient screening of 2D electrode materials using the ML algorithm!®!
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Atomic manufacturing, as a frontier area of advanced materials research, aims to achieve precise manipulation of atoms,
atomic clusters, and atomic layers to realize structural design, property regulation, and functional integration. Such a
bottom-up strategy provides a feasible route for designing novel materials and devices, enabling ultimate applications in
optoelectronics, data storage, and sensing. Although experimental techniques have achieved atomic-level control to some
extent, large-scale fabrication and performance optimization of two-dimensional (2D) materials and their heterostructures
still face significant challenges due to environmental complexity and limitations in fabrication precision. Against this
backdrop, numerical simulation has emerged as a crucial tool for advancing atomic manufacturing. Based on quantum
mechanics, simulation methods not only enable precise analysis of electronic structures, interfacial behaviors, and
multiphysical coupling mechanisms at the atomic scale but also reveal the principles of atomic assembly, entropy
evolution, and structural stability, providing theoretical guidance for experimental design and reducing trial-and-error
costs. With the rapid progress of computing power and algorithms, the role of simulation has expanded from mechanism
exploration to structure prediction, materials screening, interface optimization, and device performance evaluation.
Combining density functional theory (DFT), molecular dynamics (MD), and Monte Carlo (MC) simulations allows
researchers to bridge scales from atomic precision to macroscopic response, forming a closed-loop system that links
theoretical analysis, simulation prediction, and experimental verification. In parallel, the establishment of high-throughput
materials databases and the integration of artificial intelligence have greatly accelerated data-driven material discovery and
device optimization. Comprehensive databases such as Materials Project, AFLOW, and JARVIS, as well as specialized
ones like C2DB, provide extensive datasets on formation energies, band structures, and dielectric responses, enabling
efficient screening of 2D channel materials, van der Waals (vdW) gate dielectrics, and metal contacts. Moreover, emerging
machine learning algorithms and graph neural network models, exemplified by GNoME and DeepH, are fostering the
transition from computational manufacturing to intelligent manufacturing, empowering the autonomous prediction and
optimization of atomic configurations and device architectures. Two-dimensional field-effect transistors (2D FETs), as the
core components of next-generation high-performance, low-power electronic devices, are key scientific research platforms
for the application of simulation-driven atomic manufacturing. This review systematically summarizes recent advances in
numerical simulation for the atomic manufacturing of 2D FETs, focusing on the development and integration of simulation
methods, database construction, channel and dielectric screening strategies, and contact engineering. It highlights how
transport simulations based on non-equilibrium Green’s function (NEGF) methods can predict charge injection, contact
resistance, and switching behavior with near-experimental accuracy. Finally, the review discusses emerging opportunities
for high-throughput computation and Al-assisted design in realizing autonomous atomic manufacturing, outlining future
directions toward intelligent, multiscale, and sustainable design of 2D electronic devices.

atomic manufacturing, numerical simulation, 2D field-effect transistors, materials screening, interface design,
high-throughput computation and machine learning
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