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Fig. 1. The affecting parameters and factors during CVD

growth of two-dimensional materials2!).
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Fig. 2. Schematic illustration of the reaction processes in a typical CVD reactor.
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Fig. 3. Schematic illustration of (a) the growth of MoX; by OIAG and (b) the working mechanism of OI in the progress of OIAG;
(c)—(f) optical images of MoS, with different concentrations: (c) 4 mg, (d) 5 mg, (e) 6 mg, (f) 7 mgP; (g) schematic illustration of

the modified CVD system for MoS, growth; (h) photograph of MoS, film grown on sapphire substrates!*.
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BRI A T R P R R AR R I, 145
T LB AT AT AT et ELIS R 7 r A/ ] IR K
RSEY MoSe, AR 9% B (] 5(f)). 38 33 % AN [
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(b)

20 pm

Bl 5 (a), (b) JOEHT)E A TE B9 45 L F 2 7B% (scanning electron microscope, SEM) E1& 53 (c) 78834 i L H 4 Cu i
il & A MR K (d) SEM RS A S W E R AR Cu im0 1)« B A3 17 R 515 (e) A AL MoSe, HEf# 1) CVD % ¥ /R ;
(f) J6BE F MoSe, Wi AT E 15 ; (g) MoSe, 1 JI5 1% 4714 % i f fl 8% (scanning tunneling microscope, STM) 4% [

Fig. 5. SEM images of Cu foil (a) before- and (b) after-polishing®; (c) schematic illustration of the synthesis of graphene on the li-

quid Cu surface; (d) SEM image of “self-assembling sample behavior” of hexagonal graphene domains on liquid Cu surfacel; (e) sche-
matic demonstration of the growth of the WTe, film by CVD; (f) optical image of MoSe, film; (g) STM image of MoSe, film/*.
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Kl 6 (a) s BTEA RHELRE T 78 Ni(111) R A & B AL B8 R 5 Ap M RECER; (b) RFERET Re/Ry lLR5 Ap i RECE
R (Ry, VB LA SIS R AL, R, B ORI R R); (o) AL, 35 1 W 8 i e A LRI 97 35 5074 n 9 E R BT

Fig. 6. (a) Nucleation rates of graphene growth on a Ni(111) terrace and near a step edge as a function of Au; (b) Rp/Rry ratio as

the function of Ap ™ (Ry, nucleation rate of graphene on the terrace; Ry, nucleation rate of graphene on the step edge); (c) crys-

tal growth curve: Gibbs free energy as a function of the cluster size, nl".
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BT (a) fi A TS 3T I B OR TR B R E) R A 824862 (b) 50 min; (c) 90 min; AR CHy F1 Hy Hoffl R HE A
BIEIEFE R (d) 2 scem: 60 scem; (e) 1 scem: 80 scem; (f) 1 scem: 100 scem; (g) 0.5 scem: 80 scem; AS Rl 4z K B[] T 4 88 46 I
FiE  (h) 100 min; (i) 200 min; (j) 420 min; (k) 500 min; (1) 660 minl>)

Fig. 7. (a) Comparison diagram of Cu foil with/without oxidation; optical images of graphene for different annealing time:

(b) 50 min; (c¢) 90 min; optical images of graphene for different proportion of CH,; and H,: (d) 2 scem:60 sccm; (e) 1 scem:

80 scem; (f) 1 scem:100 scem; (g) 0.5 scem:80.0 scem; optical images of graphene for different growth time: (h) 100 min;

(i) 200 min; (j) 420 min; (k) 500 min; (1) 660 minf.
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Fig. 8. Optical images of WS, for different time: (a) 3 min; (b) 5 min; (¢) 8 min; (d) 15 min; (e) plot of average flake size versus

growth durations(6,

"
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9 (a), (b) AL T 41 B L Ni JE T 1 STM F{R 6Y; (c) R A A B DR B R (d) W H I RE ST 10 %
1Z R PRSI 5 (density functional theory, DFT)02; (e) S ALY A BIE N %R B (f) KB REREE; (g) EAS 5K M
CH, 4 ftad #2; (h) B fE R fi s & B (i) 825 RN AY CHy 43 5 72 6

Fig. 9. (a), (b) STM images of the Ni adatoms at the graphene edges‘!; (c)—(e) schematic illustration of graphene edges (e) with

and (c) without oxygen and (d) the corresponding DFT calculations of the energies for H attachment/6?; (f) schematic illustration of

the growth of WTe, film by local-oxygen-feeding method; (g)—(i) the energy profiles of the reaction of CH, decomposition (i) with

and (g) without oxygen supply on Cu surface and (h) the corresponding DFT calculations of the energy dispersion!%.
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Fig. 10. (a) Optical image of monolayer MoS, film; (b), (c) DFT calculations for the growth of MoS, (b) without and (c) with Nal®/;

(d) schematic illustration of the salt-assisted reaction process and optical images of TMDs films/0.
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Abstract

Two-dimensional (2D) layered materials have attracted increasing attention in recent years because of their
abundant material categories and superior physical/chemical properties. In order to satisfy the requirements for
highly integrated devices in the post-Moore era, substantial efforts have been devoted to producing atomically
thin 2D materials with large lateral dimensions and high crystalline quality. The controllable synthesis is the
precondition of the implementation of large mass producing 2D material in industry. Chemical vapor deposition
(CVD) is a powerful method widely used in the synthesis of 2D materials and their hybrid structures. However,
it is still challengeable to flexibly and easily grow any 2D materials into large area. Therefore, a systematic
understanding of the requirements for controllable growth of different 2D materials are desired. In this review
article, we provide a comprehensive discussion on the influencing factors, material transport, nucleation and
growth rate in the CVD growth process. Finally, the strategies to further improve the size and quality of 2D

materials are prospected.

Keywords: chemical vapor deposition, two-dimensional materials, growth kinetics
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