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Fig. 1. Schematic diagrams of (a) single nuclei growth and

(b) epitaxial growth.
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Table 1. Applications and future challenges of two-dimensional materials.
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H 2 IE R B, SRR ) B A 11018 R ) 7
B F 5 X bR A RS FRE AT, H
BRERIK DGR TRER, BT LEMMT S
Wy Z (A7 TR e i 25 5%, DATTT AT DA SR oo s ik —
AR A8 B — T o).

HULXTFREEH)

2 (a) FLOXFRFN (b) 5 03K — 48688y 5T 251
AR P (a) OB A5 RO R R R TR R B (b)
0 15 3R R 5 €0 50 3R 43 6 B 2 F e R T PO X RR A 4
ey BRAE 180°J5 AT LIS i, AR Lo X AR 149 45 4 Bl A% 180°)5 TG
Fig. 2. Schematic diagrams of atomic structure of (a)
centrosymmetric and (b) non-centrosymmetric 2D materi-
als. Gray balls in Fig. (a) correspond to the same kind of
atoms, orange and blue balls in Fig. (b) correspond to two
kinds of atoms, respectively. A centrosymmetric structure
can be restored after being turned over 180°, and a non-
centrosymmetric structure cannot be restored after being

turned over 180°.
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Ir 63 B0 S i d i B AT L) S B 1) %) 5F HES Y
2D & 129 B AT AT RE SR I i TR 56 (1501,

BR T LR AHA, £ A R 2 R TR
FIASEREST, 3 B 2 5] 64 9 HE -5 % 3 W) 2 R i A
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3 EFeMmAEkEd —4an
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e
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FUNTE Z A IS b8 1 RS A s i AE
B2 A, Horh i A A SR 0 F AR
BUBRERE 51134 S TS g 5 28, WhoE Nk
PR3 U 4 B Ao NS T A A b A o Ay SR U S K
JN ORI

Cu(111) KT AT BRI BA RAFRYVCRCHE, o
KRB 4%, PR 28t e il A B8 T B A 2R Ay
Cu(111) Jl A il & KT B A S 0 AT A K Y
PRAEAS I 1991, A, Cu 9 HAAth 5548 05 T A7 7
ZHE R FHES, SRt T W AR A, A
FHAS [] P it TR 8 50 v DS R B A 8 s
A, BIRITHR S IR, A SBIGTE Cu MR s
BT AR 25 B — I SR IR RS U 6
AT LS BB ) HES A AR 190 I H BB RS TE S Ak
SEILDREE, TR ST B B A S0 197

2020 4F, Wu 55 138 3@ i X Cu fH#E 17 55 iR
K, AR BT AR R A Y L Cu A, IFFE Cu
(112), (113), (133) F1 (223) 3X 4 s 15 505 1A (Y
JRF B B AR A T B A S0 S R R
B (scanning electron microscope, SEM) WMl%¢, %

BUAEAN R RS L 8 4 14 A 820 2 oA A IR Y
HEZ 7 18], JF AR RS & B (K 3). Xt
T 7 4 T B i 5 R T S A SR A 1 S
AR T BRI S,

[# 3 FE Cu (a) (112), (b) (113), (c) (133) F1 (d) (223) &
) i B ] HE B A7 820 SEM & 1139

Fig. 3. SEM images of unidirectionally aligned graphene do-
mains on (a) (112), (b) (113), (¢) (133) and (d) (223) fa-
cets of Cull?,

2020 4, Li &5 (139 1) N A2 75 5 5 8 dm b A=
KB AR T = fh e g0 5 Cu fh. fER K
AR, Cu i LRN ) REGR R AT
FHEA Cu f, A 17E Cu(311) Shimthl & 7 2 HE
YA I, 2021 4F, Tian L 140 5@ 1+ 78 BA
NGYI A2 Cu T _EE T mREER Ak, WAEAFE
o5 I B Y SR Cu 5 Bl & 1 B HES Y A
45, 2022 AERY—I TAEHGETE Cu(112), Cu(311)
H1 Cu(455) 45 =38 BUSh T B ARAS T 53R R STy A
A LR A AR DL

BT 48 Cu, 48 Ge tnl LU £ B0 5 )2
A 5. 2014 4F, Lee 58 M2 7 Si fhlA L4 1
B2 Ge(110) T, FREENA BT RN By 5L 5L
AR, WEFEES R R Ge W] UG 47 S8 Fh 70T
(110 XA (Bl 4(a)); EorPRE ST
AR (high resolution transmission electron mic-
roscopy, HRTEM) 45 3 & WA S50 s 2 (B A A7
TEM T (B 4(b)). A T B A 2205 B 7E Ge(110)
LT B A HES AU IR 4, Dai %5 127 F 2016 4E35 1
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Ge o JER AT 3 B 7 A1 28065 ) B 1) J0A P b S s AR
M, IR J1 B (atomic force microscope, AFM)
WUEREE IR s A7 5200 N 5 B I AR T iR U, I
A —Jr A (] 4(c)); RAUZE R BT B2 4 55
IEIEE IR Z S Ge(110) iy [001] J7 A 7T
A o BA R Bt 58, A A S50 AU
Ge(110) F A [T10] 7R K (K 4(d), (e)). 18
BN, RE Ge i T BRI EELH 0.2 nm,
AELXF 55 04 A 205 2Z )47 ] LA o2 P42 1l e 56 1
JZ B A A

Bl 4 (a) Ge (110) M B HES A 884 SEM & 142; (b) 55
24 B HRTEM B 1425 (c) 4 85 4 #p 71 Ge (110) 1f1
i [T10] 75 [ 8 i HEF1 g AFM K1 027 (d), (e) £ S0 A%
56 Wi 230 3 0 5 ] HE B 7R 5 1 12

Fig. 4. (a) SEM image of unidirectional graphene grown on
Ge (110) surface?; (b) HRTEM image of single crystal
monolayer graphenel'*?; (¢) AFM image of graphene seeds
aligned along [110] direction of Ge (110) surfacel?”; (d),

(e) schematic illustration of graphene nucleation docking

with the step edge for unidirectional alignment27,

3.2 %

s 2 0 ) B2 DA Y A R 3R S
K, EEA sp? Ml sp® PIFp b7 X, IFAEAEZFh
AR SIS AR FAR TR, T HERIE AR E TR
TRRH B 22 AR 22 1991, DAL LA S ] 5 450 DRI R
SR, 30 PRI it B2 LA S AN 50 1 i A ) ef e
A DL AR R 7R L AR E SMIE AR K (1199,
BEAN Au, Ag Al Cu tLnl LA 2 —ZERNG A9 S E A=
K [145—148]'

2017 4, Chen % 49 1 2yt #1| H MBE J7 i
TEHR R Ag(110) FRIA BT BRI 294K
YL I REE BB (scanning tunneling mi-
croscope, STM) MLEE, & BT A 9K (58 R
(10.3 + 0.2) nm) #RIEE L5 Ag(110) ) [110]
mAAK, JFREE R L BB 4565z R
& (density functional theory, DFT) 314, #fi il
YRR 1) S5 A8 12 fR B B AN TR A I 2 A, O RS
P18 0 FL B 5 B T . Wu &5 150151 5 2019 4 Al
2022 4E43 7E Cu (111) F1 Cu (100) %€ F 2l
BT AR ZEA AR O R b g . 7RSS ge i
o, B R SR SE TR IS SR TH Y 5 B AL L, I
B 2% Ty Tl s AR K 38 A B Bl 0 e
TEB A HT R b iy, il g T s B
UK 0 — 4 B0 b A s . 3 6 S0 A R R P B 5
W B BT AR R B AR 2 AR A T A
SR LA

3.3 NARLI

hBN 5 f7 8246 1 ks a M AR, BA R
i BRI - A e (1921951 TR A S B L 75 Y
YR GeAR B} U055 SR, AR G Y ) 4 07 ¥
A2 I, I BT PR TR A 16156157
BEAk, H T BN R ] DR M, AR R O B A
KRN R, FESMELE K T7 1, hBN BA7 =5
XEAR, B R 2R IR B2 AT A5 R A

5 (75
2R T,

2019 4F, Wang %5 (198 33 1 15 5246 132 0K 5h 75 31
THLE Cu (110), FIAEL (211) I w5 B 5 hBN
A RIE] ks 7 a] DC LAY RE B 22 5%, SE8 T hBN
i G 4 B — B ) AR K (1] 5(a)), I HC 28 %
10 emx 10 cm M5 . HRTEM 45 R 3£
BIoRTE hBN fbih 2 8] & Bl 5L (8 5(b)), gt
H, %1k J5 /Y hBN B %A B 5 (18 5(c),
(d)). #— 2P /38 5 UEIE 55, hBN & 5t B-
77 F1N-ZZ 5 Cu (211) GBS MIE B AR
REESE, XFT0E T A IR T 1 0 RO FR T, I
MR T 2 Eem i Re & R of, NmSEBl T
hBN {8 (4 [R) B 1) A 1 I Jo 4 P KTm AL,
JoT e A B AR S (14 5(e), (£)).

Cu (111) FTE 175 EXFFRES T2 hBN 751X
Feim b H BT S R, E L SEER PR — B ). N T iR
XANAEL, 2020 4F Chen &5 130 78 C i ¥ F A+ IS
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&l 5 (a) Cu (110) Mt mHES) i) hBN SEM [&l; (b) hBN #5942 4b i) TEM &, 45 & AR A% TEM & ;5 (c), (d) Hy 7 1000 C T
£ 30 min Z{h Cu(110) il Cu(111) - hBN [ SEM [; (e) hBN g Z FHEH % 5 Cu(110) 1A Cu (211) F 7] & &l & 7 Fm
L (f) AR hBN 1% 5 Cu (110) R Cu (211) K10 &5 B g g 1Y

Fig. 5. (a) SEM image of as-grown unidirectionally aligned hBN domains on Cu (110) substrate; (b) TEM images of neighboring

merged hBN domains, inset shows the same image at a lower magnification; (c), (d) SEM images of hBN film as-grown on Cu(110)

and Cu(111) surfaces after H, etching at 1, 000 °C for 30 min; (e) atomic configuration of a zigzag edge of hBN lattice attaching to

the Cu (211) atomic step edge on the vicinal Cu (110) surface; (f) formation energies of various hBN edges attached to a Cu (211)

step edge of vicinal Cu(110) substratel!?.

S R ARAR K Tk TR A B R R
an Cu(111) R, JFAEXIE b G a1 i B 2 55 B
JZ hBN. S5 5HEE LR ARY], 2 Cu i 86
Byl AT RERETIT, TR Cu(111) HhidZesh, SC
TIPS 550 =T hBN s JCaE P2,

AH LT 505 F2 hBN, il 4550 £ )2 hBN —
HENBOARMERE. 2022 4F, Ma %5 099 7 Ni (111)
YT AT TCTA B 2 2 B hBN DL Z R
A [ 00164 FESEab ol hBN B S FERTIR &
AL R, -5 AT & IR, A —4ih
S5RGBT BE, fE AR RRZE
hBN JCAEPHE AL . DRIk R R AR
Pyl T R3A5] 10 cm? {9 hBN B, AFM
W % FL s By 1.2 nm, P25 A LA 25
WESE TIZTAEA R T 3 )25 hBN.

3.4 TEEEMENLEY

TEA 8 TMDs J7 i, BHFA G 2247 T K
WS, Hoh & ok AR A B — R — A
WriBsR iy H bR, F7E4 gt i b 3 EA Fmi Aok

B 5 A R R E R TMDs, (AfEAES
VI 5 Z 2 IR A AE e 10 W1iR 1 CVD
B4 MoS, I EH] MoO, 1 S KyE MR, {5
S B R AN HAHEF AN — 35 109, FEAE A} A
BRI RUE T G 106168 5 T 22400 itk
CVD ¥:1E TMDs Wil & f b a2 1 atk—2 k.

2015 4, Chen 21 FYARIE T7EHEE A (0001)
FEM AT B B 1 2k B P ST W Sey X
FAE K. mIRIB KJE A (0001) REDERL T
B 0.2 nm & E R AEATIRF G B, WSe, 23
W B K AT R, TR T SR HES
G5R, X TSI E I T AT 5 B 7E TMDs HRJa) HE
F R B T SRR . HR, R A o e HE B )
WSe, B A KBTSk HE, FEOLRIRES
AL, AN BETCAE PR LA .

2020 4F, Yang &5 090 3@ 3 iR K 5 ik il 4 T 2
HEWEER Au (111) E 0, FF7EX LG il
SEPL T B HESI Y MoS, Al (18] 6(a)), SE8G4E
T, 2 98% 1) MoS, #nlk 2 Ha HES (K] 6(D)).
2023 4, Z WA A E— 20 7E Au(607) 55 5 45 £
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T ST MoS, il i) 5 m Xt 5% (B 6(c)—(e)),
IF ) £ T AR 0O A % AR T
2022 4 i P S/Mo B H 9, 7 Au % E I
£ 7 B HES () MoS, = 1 fl 5 F1 MoS, 4 K 4
(K 6(f)— (1)),

HARTE Au i B2 0T K R A
B2 TMDs WA, (A2, B4, Au #FIE M A% 51 5
FE—E TR L R T AR KRN, ATy
PRRLEH AT IS A )2 55 TMDs 195 1.
2020 4, Aljarb % 0172 £E 5-Ga,04(100) #} JiE |- )

BBl mAMEYLE], B MoS, 7F & Brili gk,
¥, LI  T 3ESE B Z K MoS, i ih 40 K .
2021 4%, Wang % 19 75 R34 1 BE 1915 52 41 (0001)
PP L, B A B T A R 2 B MoS,, i it
YIREE S A I R e I m i G B, 7Rl s A
FMATHFFRYE, SCBL T MoS, Y B HEF H o4
Pr%, G HUT MIRICEZ T MoS, Wil %
TAEFR A (0001) F A (1120) 75 B S FEAK
XEFRYE, s O/M (1120) B9 2 2 & A AR w12
Y HRE, 25159 2 SOPATHESI Y MoS, W, ANk
(a)

1050 °C

SEHL MoS, f B B, THEZERE, 4 S &
AR, MoS, HARIFZEAA ZZ-Mo 1 ZZ-S i
%, X% C/A T A (1010) 5 B AV IE BihE
FAE2E 5. AE 100% S WRMF T, ZZ-Mo 152 fix
R g 1Y, HOE CRE LU AH SO HES Y ZZ-Sy WK T
1 eVnm=t, XARIE T 784 KA1 MoS, 1 45 B il
GE ) . R TAE I RIITERD Y S S84 T
AN T B ] A% A A 07,

[, db ot K2 Liu 45 07 A6 5 A (1120)
THI AR HIRCHE & LT3 1 1 it B 2 B B2 WS,
JEE. B BT S A T R AT IR K, TR
FaE VAT IR F B B X2 5 5 B i i &l 47
W AT E A0 Cy XFFRtE, It XGE S L 5|
T WS, BRI 5E (K] 7(a)). HES B TR
8% (scanning transmission electron microscope,
STEM) /R AHSR A WS, fi bk 2 W] & o4& Bk iy,
X 5 R WS, I 5 FAHEE ) — 3 (B 7(b), (c)).
e MG R E AN 2 inch B9 F A FHE IR
AT RAT 1 B2 — B (0, R T e R A 24
AIME (K 7(d)). A KA, WS, LASh ST S i1

y !

< <

Polycrystalline Au on W foil

Au(111)/W

High S/Mo

> >
p
> >y

2D MOSQ

MoSs nucleation Epitaxial growth

B (1 MoSa/An(2 1 11y

O
h

b

Intensity/arb. units

T:(001)
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Raman shift/cm~!

El 6 (a), (b) &2, Au (111) AR EE K CVD e 4K MoS, 19 SEM 1) (¢)—(e) Au (607) , Au (2 1 11) A MoS,
SEM DA K Hi7 & P 170 (f), (h)MoS, FE B AR 7R L (g), (1) AIR S/Mo LB il 45 (5 2D MoS, = 7¥E . 1D MoS, 44K SEM [ (171
Fig. 6. (a), (b) Schematic illustration of processes of single crystal Au(111) formation and SEM image of MoS, grown on its surface
by CVD method!'%); (c)—(e) SEM images and Raman spectra of MoS, on Au (607), Au (2 1 11)facets'™); (f), (h) schematic illustra-
tion of the morphological evolution of MoS,; (g), (i) SEM images of 2D monolayer MoS, triangles and 1D MoS, nanoribbons at dif-

ferent S/Mo ratios!!™!].
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(d)

(1100)

_- Steps

2 pm

Bl 7 (a) Oy ZIfh WS, #5119 SEM [&l; (b) %35 WS, & #F 82 X 3k STEM &l (c) WS, i STEM [l (d) 2 inch HL2 WS, K
628 (e) a-AlyOy JNST WS, SEE4 I (1), (2)WS, (il AFM [, G By 7 1] (1101) 074

Fig. 7. (a) SEM image of WS, films after O, etching; (b) STEM image of merged area of aligned WS, islands; (¢) STEM image of
WS, lattice; (d) photograph of 2 inch WS, monolayer thin film; (e) optical image of individual WS, islands on a-Al,Os; (f),
(g) AFM image of a WS, island, the direction of the steps is (1101) ['74,

KAFEAE, IF H 2 B — B0 S HEF (B 7(e));
AFM UESE T 8 5 A R AT 5 i fifsg ws,
i W5 ] LA ) HES] [RS8 O R WS, i i
KW 25 W 55 43 18 (1100) J7 1] T AS 42 (1101) 77 1]
(E7(5), (g)-

4 BT 6 M AR

41 FEFEMES _H#HMBRZEOHR
ok

BITEFEW, Z4Eb R R 28 S 1800 F,
H 99.5% BIAPRHEA J5 0 X FR ) S A2t g 070,
TEA K AR RTFRIG — bR, KZ 5 AR
AREm I, S H WA B ROT-AT fiy i [13:176-179],
AR E I LS AT TG, 7T LAT i E I SR
AE ) T, X FE F T AT A9 PR hBN A TMDs il
it B AR E) T RAIE. SR, AS IR IR L R FH AR
A AT A K RS B T SR AR R B4R (35 2.
% 3). XFPAS— B 45 F 5 R I S 2 AR

B BN TR 20 RIMERT R A7 A2 5 B, W2k
IAZTRIE & B e M G B A A, IR 4 dmitk
FEFH L i T AR E BB AT BB X, #K
SRESAFAERR LU (18] 8(a)). WERAERLL ST
REAS (% 58 4 A LEAE B B IAZRAL, W65 i 22 R
JITAT R IR (P 8(D)), AT S B A — BB ] (1501,

K8 AN ESEARA KRR ER  (a) [
I 7E B B 0 2 65 B T AR R 22 S BUE RO ;- (b) B
TE B B i 2 b A% 22 S B — i)

Fig. 8. Schematic diagrams of different growth results at
different nucleation positions: (a) Positive and negative ori-
entation when nucleation occur on both step edges and ter-
race; (b) single orientation when nucleation only occurs on

step edges.
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* 2 APRGHTEEE TMDs AR 020
Table 2.  Controversial growth behaviours of TMDs

on substrates with steps!'s?.

Substrate TMDs Alignment/% Sg;g;ii;y Ref.
a-ALO; WS, 99 Vv [174]
a-ALO;  MoS, 86 v [181]
cALO;  MoS, 99 vV [16]
-ALO; WS, >90 vV (182]
cALO;  WSe, 92 Vv [105]
Au(533) WS, =90 Vv [183]
Au(111)  MoS, 99 Vv [184]
Au(111)  MoS, 98 Vv [169]
-Ga,03  MoS, =90 Vv [172]
cAlLO;  MoS, 50 X [177)
¢ALO;  MoS, 50 X [178]
¢-ALO;  MoS, 60 x [173]
cAlLO;  MoS, 50 X [185]
¢ALO;  MoS, 56 X [176]
Au(111)  MoS, 50 x [186]
Au(11l)  MoS, 50 x [187]
Ag(111)  MoS, 50 x [188]

F 3 ARG HAE hBN AR 180
Table 3.  Controversial growth behaviours of hBN

on substrates with steps/'80,

Symmetry

Substrate Alignment /% breaking Ref.
Cu (110) 99 v [158]
Cu (111) 99 v [130]
83 883 97 vV [122]
Cu (110) 50 X [189]
ammm
Cu (111) 50 X [190]
Ni (111) 50 X [113]
Ni (111) 54 X [191]
Ge (110) 52 X [179]

UL, BARBFIEA SR T 6T ARSI
D RIBTRHE, (LR T BHRbHUR LA 10 %
G S e

4.2 [FEFEHERAEES RS
[53E

N TR T o NEA KA A8 T, LA MosS,
TEHE EA R CARK ], #Rs DFT 73 Hr B
1) B 5 Br & WA R A X AR, 37 TMDs H)
HNEA KGR PR AT 2) B K id R TMDs

55 R B R - 5 B Z 1) 2B oA AR ARAIE T
AIRLPE 15 YR BUAZ , DT IR RSP T Ao ) R
fAi I, SZEL TMDs FYBA ] % 55

IR 0 W5 55 A 2R 10 23 A0 i BE AL 43 A0 1Y 15 B
NG RAAZS L (K 9(a)). 1EIB K FA RS, 4
IR RS AL, MEA TEAR AR & Bl At
FEAE A A 0 S s 0, T LAR R 28— 4
A RLE £ B i 2 B % (81 9(b)), 2K i Ia]
Rk, RiGEREN, AT G B2 (K9(c)),
X FER K O A AELBESE MoS, ST 4, & 1
i 1.0 eV (B 9(d)). oh, SR TFEMMEEE A
MSETE R F & B i = A M H, MoS, 5 HA
BB & B 1 20 0 15 0 B S5 A TR X Rl R A
454 118 TMDs B 25 55 46 A U 15 B it 2k il
B

MoS, f FILEA Cy MFRMER O F A2
] & ARG 1t B, S5 Bl 2 D EERUCEAT Y
MoS, . 4 MoS, 7E4 K 15 B 141 2% B 3 T i3 1
¥, RSN ROFAT i 22 M) A A5, I {75
MoS, fiki 2 H i HES i R #. ek, THR R %
B, AT )R8 5 B T LABEER MoS, divhr Y fiE 1
If, B & By 1 & AR AR Ak, MoS, dlhiA7h 8k RE i
R koE 1 s HE . aniE 9(e), (f) FizR, MoS,
1 3 AT 1 & B 5 57 0 7 ORI . 7E o
AlLO; 1 WS, FITE a-ALO; Y WS,/MoS,
REERER (B 10), 2 NFAT WSy (MoS,) f
Kz AR a-ALO5 B -ALO; G M ik 2 ] 1fE
25 B M R, Zad i — 2B 0F 98 & B0, L
XF il g Z2F 2DSCM &30 FH Y, 3 k¥ 5 BB &
5B A% R, DA RCSEBAS R 2DSCM 1 K HL
PR A 5 5 N P R T I o S i

5 RREET v R

51 KEERNHE AETENETFEH

ORI 6 WA B TR 4 e TR U Y
BB RS, B R T I AR E R ) &
B2 A6 £ 0 R NS AR A XERE . Ak, BEUN ) B By
o B T RE S EOb R H B i b 2 A KA )
R1105:182) D) O T A AT R B AN 4R Y
E R RRR KA (AR A ), 255
WE A R N2 RO R] 5 BE 0 B B (71 B Y
0.22—5.5 nm). XEWE, 7EIR Kadfd, —H %
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(a) Pristine surface (b) Immature step edges surface (c)

Annealed surface

(d)

O S e e I o e
. —

> [ ] ... .. LE
L ° . . > g
g 2 J
: 3
M L
3]

—4 0 4 Step I Step II

Step III

B0 (a) iR KT -ALOy EHT: (b) 3B K e-ALOy EH: (c) KIFFIE KT oAl Oy F1H; (d)MoS, 714 7 475 (i BE WS £ B 5 76 40
ZACFAT B A AR (o) TAT MoS, MBEE AR GHY (1, AT e ()3 Fh & Bl ik MoS, 344 150

Fig. 9. (a) Original ¢-Al,O5 surface before annealing; (b) original ¢-Al,O3 surface during annealing; (c) original ¢-Al,O4 surface after
a long annealing time; (d) binding energy of a MoS, grain on a straight parallel step with O vacancy and on a defective step

without O vacancy; (e) energy difference between antiparallel MoS, grains that cross different types of step edges (1, Il and Il);

(f) MoS, grain on three types of step edges('®'l.

A P 22, 5 50 R IRA AT RE 2T U 2R 1B
S, TN T 2DSCM Fh4E A= K (1 2 B 192, 1t
Sb, BTSRRI I S5 A4 280 2R R N T,
MELL 58 b AR B B (A7, 1X 58 2DSCM X
PASE B B — I ] 5.

5.2 AMiEEfE 488 EME

%)z TMDs fl£ )2 hBN ##% T8 )2 A #
ZL S PERE BUO L (B R T Z)2FFRIE
ML A SR 1] /91w A K 2 2 AR BIL A o oA B
i, KIRFLZE 2DSCM FIAMNE: KA —AH
KAYPEEL. BIRTE Cu(111) F A H MBE JiE4
T KR B Bt SUZ s 1901 (AR I 52 ek
s Bt — Ak, B4 M ARLIHHZZE TMDs
W 5. BAR BB Zn] LIS 3 £ )2 hBN
XUZ TMDs [ fi 4 BRL ] X 55 1041990 EX6) il £
2 KL, EECRIESE T 2 2 AR R
[, U [ R i ek BB [l BT, A ] RE ) 4% 1 22
)2 2DSCM.

2022 4, Liu &5 M 5 il 1 JHOK 2035 20
JZ TMDs. BLgitaRY, HWEn R80T LA

FERRARRUZ A% A R . 12 A1 B 1 1 R O vk
il & THE 1.5 nm @ W IRF A By, 45 MoS, 7F
G %R A NUZ B, IF R XS BES
G 2 5 M 5 W AR S B PR Y A0 1 RUZ
JEE. PR AR, U I 25 R s U2 TMDs [R] B
FEAE AA FT AB WARAS [R5, TS B0R
RETCAEPFE B 58 & [ BUZ B TMDs.

5.3 ABHARtEXEREERRRRE

il £ K T B T PR S TR SE B RLZ
2DSCM (W% H bk, SR 1M H AT 775 1 2 TR A
B, S RAS R T B B AR, X R —
SEFRRE P3G T SRIMERE ; FK, 56 2 B AR
A RE S BEALA A, AN BeAbh, Bk
e 1 SIS ) it CVD 4, (H R R
BN AR R SRR R TR T B R R Oy
PORSBK I A2 T B S A Bl o5 iz
A, R 6 Wi O o X — [l iy ok T %
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Abstract

Since the successful mechanical exfoliation of graphene in 2004, two-dimensional materials have aroused
extensive research and fast developed in various fields such as electronics, optoelectronics and energy, owing to
their unique structural and physicochemical properties. In terms of synthesis methods, researchers have made
further advancements in the atomic step method, building upon traditional techniques such as mechanical
exfoliation, liquid-phase exfoliation, vapor-phase deposition, wet chemical synthesis, and nanomaterial self-
assembly. These efforts aim to achieve high-quality large-scale two-dimensional single crystal materials. In this
article, the representative research on the growth of two-dimensional single crystal materials controlled by
atomic steps in recent years is reviewed in detail. To begin with, the research background is briefly introduced,
then the main synthesis methods of two-dimensional single crystal materials are discussed and the challenges
and reasons for the difficulty in epitaxially preparing non-centrosymmetric materials are analyzed.
Subsequently, the growth mechanisms and recent advances in the preparation of two-dimensional single crystal
materials assisted by atomic steps are presented. The theoretical basis and universality of atomic step-controlled
nucleation in two-dimensional single crystal material are analyzed. Furthermore, the challenges and future
directions for achieving large-scale, directionally controllable two-dimensional single crystal materials are
predicted. Finally, potential applications of the step method in the future scalable chip device fabrication are

systematically discussed.
Keywords: two-dimensional single crystal materials, atomic steps, non-centrosymmetry, epitaxial growth
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