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Abstract: The periodic superlattice structure present in Moiré materials is a natural artificial quantum system. Dif-
ferent from the conventional superlattice structure formed by vertical stacking of layers, the spiral Moiré superlattice
breaks the interlayer barriers and breaks through the structural limitations of the vertically stacked system, which
brings unique electronic energy band structure and novel properties, and enables it to show great potential in the
fields of condensed matter physics, optoelectronics, and materials science. Currently, the study of spiral Moiré su-
perlattice is developing towards richer material systems, more variable interlayer angles and wider application of
properties. This opens up new paths for probing light-matter interactions and developing new semiconductor devices.
In this review, we summarize the current preparation methods(e. g. , chemical vapor deposition, liquid phase meth-
od) of spiral Moiré superlattice materials from the growth mechanism driven by spiral dislocations, discuss in detail
the effects of the number of spiral dislocations, dislocation angle, and the substrate on the spiral structure, summa-
rize a variety of novel properties found in the experiments, including the mechanical strain, optical response, elec-
tron transport, and catalytic properties. And finally, we provide a summary of the material’s development, current

status, and outlook the challenges.
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Screw dislocation-driven growth theory. (a)Schematic diagram of screw dislocation-driven growth. (b)Schematic diagram
of the change in growth rate of different major crystal growth modes with supersaturation'®’. (¢) Top view and dramatized
side view of an idealized nanoplate with one screw dislocation with various step velocities at the dislocation core (V) and
the outer edges (V,)'?'. When specific step velocity and supersaturation conditions are met, nanorods(d)"®, nanotubes
nanoplates (). (g) = (h) Idealized nanoplate side views illustrate the relationship between nano-

or nanowires (e)[m s

plate slope(p), step height(h), terrace width(A), and supersaturation(o)'®’
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Fig.2 Preparation method. (a) The single pyramidal spiral
structure™™. (b) Spiral structure grows in one direc-
tion on the substrate ™', (¢)Substrate-free spiral struc-
ture bidirectional growth process, The blue( I )and
red ( I ) arrows illustrate the growth steps on the top
and bottom surfaces, respectively ™. (d) Substrate-
free spiral dislocation growth trajectory’™. (e) Side
view of the double-conical spiral structure ™. (f)
TEM image of spiral Sh,Te; structure prepared by LP

method™’
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Double spiral structure. Thrce spiral structure. Double spiral structure
3 R A RO ST A . DU R A HE S I WS, 4K 2 AR A0 (a) TR BESE AT (b) S A I MR E 4
BT () TR A IR 45 40 B () WU TR 2540 5 (o) MR A ME B AR 25 () FLIB R 25 #91  (@) N A B IR BEZ5 44 L (h)
TR A MBLE 25 K % B (1) BUIRE 45 48 (1% JFL 7 /7 i 140885 ( Atomic force microscope, AFM) 814

Fig.3 Number and angle of screw dislocations. Optical images of WS, nanosheets with four dislocation stacking modes: (a)pen-

tagonal spiral structure™, (b)hexagonal spiral structure'

57

', (¢) mixed spiral structure’™’, and (d) double spiral struc-

55

ture’™’. (e) Screw dislocation stacking mode. The AFM images of (f) five-spiral structure’™’, (g)hexagonal spiral struc-

ture”™, (h)mixed spiral structure™ and (i) double-spiral structure respectively”
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Fig.4 Effect of substrate on spiral structure. (a)Euclidean surface (K=1) aligned spiral growth mechanism"*’. (b) Non-Euclide-

an surface (K<1) super-twisted spiral with a lefi-handed twist growth mechanism'"”’. (¢)Non-Euclidean surface (K>1) su-
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ral Moiré superlattices'®"
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data indicated by yellow dots. The red line in the figure is a curve fitted to the portion of the Hall voltage associated
with circular polarization(i. e., V). The blue line in the figure is a fit to the portion of the Hall voltage associated with
line polarization(i. e., Vyj, ). These two fitted curves are added to the above figure as dashed lines, with an arbitrary off-

set added for illustration™"’
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Fig.9 Catalytic properties of spiral structure. (a)Schematics of electron transfer in step pyramid MoS, nanoplates *. (b) Sche-

matics of electron transfer in spiral pyramid MoS, nanoplates™”. (¢)EIS Nyquist plots of spiral pyramid and step pyramid

MoS, . (d)Electrochemical potential dependence of CVD-grown spiral and layered MoTe, at different overpotentials™’.

(e)Time-dependent current density curve. (f)Schematic diagram of the electrochemical microcell assembly used for elec-

trocatalytic measurements. (g) Polarization curves obtained from spiral, monolayer, and mechanically exfoliated WS,

nanoplates'®’. (h)Tafel plots obtained from spiral, monolayer, and mechanically exfoliated WS, nanoplates ®'. (i) Photo-

catalytic degradation rate of Rhodamine B versus time without catalyst and with BiOCl bulk, spiral BiOCl NPs as cata-

lysts. Negative time indicates the state of darkness before the light is irradiated"™"

R R EE 38 2R A H AR S HL AL TR MoTe, i FEL IR
1 Nyquist &l , X b 22 AR 4548, 35 45 #) 3% 0 1 o
AR 1% H 7 5 % W L, DA R 7T e B8 AR S R BRT  JE E
— IR T MR E S5 A AL PR an i 9(d) BTR .
BEJ5 3 T E I E AR 0. 3V RG] &
e ) 1 H A T 3R A R R O A R
B2 T5@ IR MoTe, (447 4 L, 3t %5 B2 7 30 min P R 1552
FE X —IE PR AP AR B R A H R b Sl 1
LI, W 9Ce) fron . [FAF, HER WL 1906

2 B CAFM (SHG L2 Ot 3 R AF 25 R BoR
PR TR B TR L 22 ) HE S 45 4 A A 2 R R A B
WARE  UESE T HER 2 A8 v (1 25 ke e 1 o

I Ah BEFE N BB IR TR WS, 5 R E Y
2HHEE £ )2 WS, #E47 T X [ o Shaijumon 5%
FHAR W 20 5 AR 4 7 S Tt 2% 4  an &1 9 (f) i
TR RN TR G5 R 1) WS, HEAT T L A2 0 i, % 308
JHE WS 38 3o {7 At 4 % 2 R o 100 A7 ST e o
T MR, B AT AR Y 35 E JR (Tafel) #3435 A2



511

Tr—FF, 5. THEIRE SRR Y ik 2031

R VA o B TR W B X - N R R
e 9(g) 9Ch) rR'™, FEBRTESL /K WS, ,
A8 Ak 1 BE B 4R T U2 T SMS i A5 BB Ay 45 #4 i
AR LT BIUE R A O L Xie S5 0 O 9 Iz R
W K I, I 5 R WS, A [R] A B #4022 AR 45
T S 0 WS, W2 A P R AR, X2 BT LA
A AR IR, SR G TEEREERERY,
S LA Ak 1k BB B Y O B R R, [ B, SMS
10 T2 B AT DL T M E 45 F O H T M B, AT
PO ERE . 512 4Ry BUIR BIOCHA LE |, 1R
JiE 25 #4 BiOC1 78 1] WLl X 4 26 3 1 I 35 O 5 Ok
AR . ER A B 1. 56 Y R FHARIRT
2iE 25 449 BIOCIAE 25 min PN [ B i 300R 55 2] 99%
(ZE ] W6 BB S T 50 min [RIFE AT DLk B 80C% ),
11T B4R BiOCL Y B il 24 22 AR 73% (AE W] LG IR
SR R 62%) AN 9G) s o 3 Bl ik (0 A Ak
R IH PR B 7K A A% I T B 2R 2. 60 eV, 1
B 1 HAE AT W XSRS A R R O B O R
HL Ao 40 B SR, K T R A e 5k
JIT i, BRI B R R A% A TF 5 B TR A R
REFRAE T — AT AR ST 6 L ik — 4K
)2 e T I e o 2 TR R 4% A B T 9 sh A R
REM 42 T 5 1Ak .

LR E R AR A A 1 3 T BB A Y K
Vb 26 T AR DL R T B B T G A A TR AL
1 R R B O S 0 Tk B8 L O A R AR BIF 5 4 A1
T MRz, SR, 32 BR TR AF 5 R oy H AR
& R AE AL A B (1 52 24 H A6 A 0 AL 2R
WS4 R B v o — 7 T, T 03 BRI i
Z M DK ff 5 A7 D1 RUBE B 396 M 67 A (N ik B 5
2SN ) 3 55— 75 T, AL HE L L4 L 3 7 A S
s A7 R (iAW B S R e # ) . Ik,
B2 J e i A DR B AE AR DA S B A i R A S
B Bl A, IF K e 22 RO BRAS AR AU 1k LB R
R AR B AR TR o 3 S B [ 8% ) 8 4 sh — 4
WEUE B R A R A A A A R A 35 Bl A 5T 5 2 ok o
W EH A

T B SR M RHE AR L AR Y L 254
T A= Py B T, 76 01 2% D62 (i AL AE 24
Sl e MR AN R AR R O, B T ) £ 4
KB . AR KT DI . —Jr i, i it
G it 18 42 1) £ 2 80 (a0 J2 ) 3 B A 2 AR T R
R R B S ), A5 T 5 M LR R R A v 1 G R

i, Sy FUARE AL B B8 RE e S G B RE SR A5 55 — T
AT, 457 25 TR A RS A O W B T3 (An ' 5 9 o o AR
HARH ARG AW B T LA R R S ) ) 2
A5, LA T e R R e R % (n B0 7
PRI ) o LAk (AR 45 1 LA ) e i 0k
A A 70 S5 T o D 1) S B B R AT A
JIE s 5 BBOR T BE IR K BB A U A 4
AR

4 BH5H5REP

=4I IE Ak 5 A HL T G BROEE J B Be, X
1 SMS JE B HG ) e A4 A S A AN S O g, H R
BB ] w8 MR A 280 DL SR TMD's 55 22 Fil
BRHE SR MR ESEE b R G aE s T IRBELE A7
S 00RO, B S LA, D R 58 K SHG
W SO MR FL T o i A DL R G PR AL ST
SM'S ) 5 g A S FE AN A Ay G Al 2 78 558 218 A4 1)
FEITRE T OB B AL 30 o F R L A R N B 9
P A B SCHR 3, o — A N R OB T R A
TP R NRE G AE T RARE- 6 JF 59U — A"
IR AR 2 SR RE B S R o T IRE S AR A R
F8 D A ] 9 ] A, S B S O B AL Rk A BOR AR
i o M SMS &Y AT I BRI T M Z— . BR
W B SRR R BB M AR PE E )T 2 OE g (H
LERIAFAE A Y SO VE LA KR B M A 858, 5 2 %) 1
SM'S Jié B H Wk 35 O B, AT B 68 1 S 18] R S L
HOINE AT ORI . P BRI SMS YT
AR L R AR PE O S — A E ST 2
— o TEOGHL U, SMS /K & b BAT 5 1 52K
TLAURE T A - BUE R IECIE K5
i A AL SFEASAERE I [ B AT AR Y
s LA AT B A TR L AT O, B %
SR HE BT ST O [ S5 A B IR T B R
e P RE S SR B0 AR VO T R S AR RS 4 98D
TIRA K Z D fe vl 8 G440 T L& 30 58 T 5%
FH TR A R TR o T IR S IR LAY
BT 5T 2 R 3 W 2 S E b T R R B B
FREER R SMS BB ar F5 vk SR = Wy BEAL ], A 2
#fE 2l W2 B IR A4 R g O 1 RE AL A AR T 1)
K

AR S G R L B A (el A N I R 2
http://cjl.lightpublishing.cn/thesisDetails#10.37188/
CJL.20250170



2032 % Jt Eivd %546 B

3

& X X #:

[ 1 ]XIAO Y, LIU J L, FU L. Moiré is more: access to new properties of two-dimensional layered materials [J]. Matter,
2020, 3(4): 1142-1142.

[ 2 ]CAO Y, FATEMI V, FANG S A, et al. Unconventional superconductivity in magic-angle graphene superlattices [J].
Nature, 2018, 556(7699) : 43-50.

[ 3 ]XUY, LIUS, RHODES D A, et al. Correlated insulating states at fractional fillings of Moiré superlattices [J]. Nature,
2020, 587(7833): 214-218.

[ 4 ] HUANG X, WANG T M, MIAO S N, et al. Correlated insulating states at fractional fillings of the WS,/W Se, Moiré lattice
[J]. Nat. Phys. , 2021, 17(6): 715-719.

[ 5] REGANEC, WANG D Q, JIN C H, et al. Mott and generalized Wigner crystal states in WSe,/WS, Moiré superlattices
[J]. Nature, 2020, 579(7799) : 359-363.

[ 6 ] XUF, CHANG X M, XIAOJY, et al. Interplay between topology and correlations in the second Moiré band of twisted
bilayer MoTe, [J]. Na. Phys. , 2025, 21(4): 542-548.

[ 7 ] PAN H, XIE M, WU F, et al. Topological phases in AB-stacked MoTe,/WSe,: Z, topological insulators, Chern insula-
tors, and topological charge density waves [11. Phys. Rev. Lett. , 2022, 129(5) : 056804.

[ 8 ] WANG X, XIAO C X, PARK H, et al. Light-induced ferromagnetism in Moiré superlattices [J]. Nature, 2022,
604(7906) : 468-473.

[ 9 ] SHARPE A L, FOX E J, BARNARD A W, et al. Emergent ferromagnetism near three-quarters filling in twisted bilayer
graphene [ J]. Science, 2019, 365(6453): 605-608.

[10] LV M, SUN X Z, CHEN Y, et al. Spatially resolved polarization manipulation of ferroelectricity in twisted hBN [J].
Adv. Mater. , 2022, 34(51): 2203990.

[ 11 ] HASSAN Y, SINGH B, JOE M, et al. Twist-controlled ferroelectricity and emergent multiferroicity in WSe, bilayers
[J]. Adv. Mater. , 2024, 36(46) : 2406290.

[12 ] HUANG X Y, HAN X, DAT Y Y, et al. Recent progress on fabrication and flat-band physics in 2D transition metal
dichalcogenides Moiré superlattices [J]. J. Semicond. , 2023, 44(1): 011901.

(13 ] 2w, M, F@A, F. OCTERKMBONTIERE [J]. v BEAS, 2021, 14(4): 986-997.
WANG P, FU Q D, LI Y R, et al. Research developments on photonic Moiré lattices [J]. Chin. Opt. , 2021, 14(4):
986-997. (in Chinese)

[ 14 ] ZHENG H H, GUO H L, CHEN S L, et al. Strong interlayer coupling in twisted transition metal dichalcogenide Moiré
superlattices [J]. Adv. Mater. , 2023, 35(16): 22109009.

[15] ZHAO Y Z, ZHANG C Y, KOHLER D D, et al. Supertwisted spirals of layered materials enabled by growth on non-Eu-
clidean surfaces [ J]. Science, 2020, 370(6515) : 442-445.

[16 ] MENG F, MORIN S A, FORTICAUX A, et al. Screw dislocation driven growth of nanomaterials [J]. Acc. Chem. Res. ,
2013, 46(7): 1616-1626.

[17 ] ZHU J, PENG H L, MARSHALL A F, et al. Formation of chiral branched nanowires by the Eshelby twist [J]. Nat.
Nanotechnol. , 2008, 3(8): 477-481.

[ 18] HIRTH J P, LOTHE J, MURA T. Theory of dislocations (2nd ed. ) [J]. J. Appl. Mech. , 1983, 50(2): 476-477.

[ 19 ] BURTON W K, CABRERA N, FRANK F C. The growth of crystals and the equilibrium structure of their surfaces [J].
Philos. Trans. Roy. A: Math. , Phys. Eng. Sci. , 1997, 243(866): 299-358.

[ 20 ] BURTON W K, CABRERA N, FRANK F C. Role of dislocations in crystal growth [J]. Nature, 1949, 163 (4141) :
398-399.

[21 ] MORIN S A, BIERMAN M J, TONG J, et al. Mechanism and kinetics of spontaneous nanotube growth driven by screw
dislocations [ J]. Science, 2010, 328(5977): 476-480.

[22 ] ZHAO Y Z, JIN S. Stacking and twisting of layered materials enabled by screw dislocations and non-Euclidean surfaces
[J]. Acc. Mater. Res. , 2022, 3(3): 369-378.

[ 23] MORIN S A, FORTICAUX A, BIERMAN M J, et al. Screw dislocation-driven growth of two-dimensional nanoplates
[J]. Nano Lett. , 2011, 11(10);: 4449-4455.



511 Te—Fh, & YRR SR BRI T B 2033

[24] LIU Y, WANG J, KIM S, et al. Helical van der Waals crystals with discretized Eshelby twist [J]. Nature, 2019,
570(7761) : 358-362.

[25] MENG F, MORIN S A, JIN S. Rational solution growth of a-FeOOH nanowires driven by screw dislocations and their
conversion to a-Fe,05 nanowires [J]. J. Am. Chem. Soc. , 2011, 133(22): 8408-8411.

[26] LAUY K A, CHERNAK D J, BIERMAN M J, et al. Formation of PbS nanowire pine trees driven by screw dislocations
[J]. J. Am. Chem. Soc. , 2009, 131(45): 16461-16471.

[27 ] MORIN S A, JIN S. Screw dislocation-driven epitaxial solution growth of ZnO nanowires seeded by dislocations in GaN
substrates [ J]. Nano Lett. , 2010, 10(9): 3459-3463.

[ 28 ] HACIALIOGLU S, MENG F, JIN S. Facile and mild solution synthesis of Cu,O nanowires and nanotubes driven by screw
dislocations [J]. Chem. Commun. , 2012, 48(8): 1174-1176.

[29] SUNY, FUGE G M, FOX N A, et al. Synthesis of aligned arrays of ultrathin ZnO nanotubes on a Si wafer coated with a
thin ZnO film [J]. Adv. Mater. , 2005, 17(20): 2477-2481.

[30] LIQ C, KUMAR V, LI Y, et al. Fabrication of ZnO nanorods and nanotubes in aqueous solutions [J]. Chem. Mater. ,
2005, 17(5): 1001-1006.

[ 31 ] RODENBUCHER C, BITTKAU K, BIHLMAYER G, et al. Mapping the conducting channels formed along extended
defects in SrTiO; by means of scanning near-field optical microscopy [J]. Sei. Rep. , 2020, 10(1): 17763.

[32] KIM S1, LEE K H, MUN H A, et al. Dense dislocation arrays embedded in grain boundaries for high-performance bulk
thermoelectrics [ J]. Science, 2015, 348(6230): 109-114.

[33] TENG H H, DOVE P M, ORME C A, et al. Thermodynamics of calcite growth: baseline for understanding biomineral
formation [ J]. Science, 1998, 282(5389): 724-727.

[ 34] SONG S H, WANG L, QU Y Q, et al. Classical spiral growth mechanism of azilsartan form I revealed by in situ atomic
force microscopy [J1. Cryst. Growth Des. , 2024, 24(3): 1319-1327.

[35] CHEN L, LIU B L, ABBAS A N, et al. Screw-dislocation-driven growth of two-dimensional few-layer and pyramid-like
WSe, by sulfur-assisted chemical vapor deposition [J]. ACS Nano, 2014, 8(11): 11543-11551.

[ 36 ] FORTICAUX A, DANG L N, LIANG H F, et al. Controlled synthesis of layered double hydroxide nanoplates driven by
screw dislocations [J]. Nano Lett. , 2015, 15(5): 3403-3409.

[ 37 ] MADOUNE Y, YANG D B, AHMED Y, et al. PVD growth of spiral pyramid-shaped WS, on Si0,/Si driven by screw dis-
locations [ J1. Front. Chem. , 2023, 11: 1132567.

[ 38 ] ZHANG L M, LIU K H, WONG A B, et al. Three-dimensional spirals of atomic layered MoS, [J]. Nano Lett. , 2014,
14(11): 6418-6423.

[ 39 ] SARMA P V, PATIL P D, BARMAN P K, et al. Controllable growth of few-layer spiral WS, [J]. RSC Adv. , 2016,
6(1): 376-382.

[ 40 ] SUN H B, KONG X, PARK H, et al. Spiral growth of adlayer graphene [J]. Adv. Mater. , 2022, 34(12): 2107587.

[41] TAY RY, PARK HJ, LIN J, et al. Concentric and spiral few-layer graphene: growth driven by interfacial nucleation vs
screw dislocation [J]. Chem. Mater. , 2018, 30(19): 6858-6866.

[42] PARKHJ, TAY R Y, WANG X, et al. Double-spiral hexagonal boron nitride and shear strained coalescence boundary
[J]. Nano Lett. , 2019, 19(7): 4229-4236.

[43] WANG X Z, SHANG Q Y, ZHANG F, et al. Water-assisted growth of twisted 3R-stacked MoSe, spirals and its dramati-
cally enhanced second harmonic generations [ J]. Small, 2023, 19(34): 2301828.

[44] LINX Q, LIUY Y, WANG K, et al. Hybrid three-dimensional spiral WSe, plasmonic structures for highly efficient sec-
ond-order nonlinear parametric processes [J]. Research, 2018, 2018: 4164029.

[45] WUJJ, HUZL, JINZ H, et al. Spiral growth of SnSe, crystals by chemical vapor deposition [J]. Adv. Mater. Interfaces,
2016, 3(16): 1600383.

[ 46 ] CHANG Y R, HIGASHITARUMIZU N, KAWAMOTO H, et al. Atomic-step-induced screw-dislocation-driven spiral
growth of SnS [J]. Chem. Mater. , 2021, 33(1): 186-194.

[47] XIA J, ZHU D D, WANG L, et al. Large-scale growth of two-dimensional SnS, crystals driven by screw dislocations and
application to photodetectors [ J]. Adv. Funct. Mater. , 2015, 25(27) : 4255-4261.

[48 ] ZHUANG AW, L1JJ, WANG Y C, et al. Screw-dislocation-driven bidirectional spiral growth of Bi,Se; nanoplates [ J].



1l % 46 &

3

2034 K b/

Angew. Chem. Int. Ed. , 2014, 53(25): 6425-6429.

[49 ] LEWIN M, MESTER L, SALTZMANN T, et al. Sh,Te; growth study reveals that formation of nanoscale charge carrier
domains is an intrinsic feature relevant for electronic applications [ J]. ACS Appl. Nano Mater. , 2018, 1(12): 6834-6842.

[ 50 ] LINK R, MARCUS G, CARROLL D. Solvothermal growth of Moiré superlattices in antimony telluride spiral-type nano-
plates [J]. Front. Mater. , 2022, 9: 963775.

[51]LIULL, SUNY H, CUIX Q, et al. Bottom-up growth of homogeneous Moiré superlattices in bismuth oxychloride spiral
nanosheets [ J1. Nat. Commun. , 2019, 10(1): 4472.

[ 52 ] RICHETTA M, CIOTTA E, MONTANARI R, et al. Effect of Al substrate microstructure on layered double hydroxide
morphology [J1. J. Mater. Sci. , 2019, 54(19): 12437-12449.

[ 53] ZHANG Y, LIU Y, LIM K H, et al. Tin diselenide molecular precursor for solution-processable thermoelectric materials
[J]. Angew. Chem. Int. Ed. , 2018, 57(52): 17063-17068.

[ 54 ] DASGUPTA N P, SUN J W, LIU C, et al. 25th anniversary article: semiconductor nanowires-synthesis, characteriza-
tion, and applications [J]. Adv. Mater. , 2014, 26(14): 2137-2184.

[55] FAN X P, ZHAO Y Z, ZHENG W H, et al. Controllable growth and formation mechanisms of dislocated WS, spirals
[J]. Nano Lett. , 2018, 18(6): 3885-3892.

[56] ZHAO Y Z, KONG X, SHEARER M J, et al. Chemical etching of screw dislocated transition metal dichalcogenides [ J].
Nano Lett. , 2021, 21(18): 7815-7822.

[57] CHEN J Y, BAIY, QI M R, et al. Structure-dependent nonlinear optical effects in spiral WS, nanosheets [J]. Adv. Mater. ,
2025, 37(7): 2415214.

[ 58 ] SHEARER M J, SAMAD L, ZHANG Y, et al. Complex and noncentrosymmetric stacking of layered metal dichalcogen-
ide materials created by screw dislocations [J]. J. Am. Chem. Soc. , 2017, 139(9): 3496-3504.

[59] TONG T, CHEN R J, KE Y X, er al. Giant second harmonic generation in supertwisted WS, spirals grown in step-edge
particle-induced non-euclidean surfaces [ J]. ACS Nano, 2024, 18(33): 21939-21947.

[ 60 ] PENG J B, REN C X, ZHANG W L, et al. Spatially dependent electronic structures and excitons in a marginally twisted
Moiré superlattice of spiral WS, [J]. ACS Nano, 2022, 16(12): 21600-21608.

[61] CIP, ZHAO Y Z, SUN M H, et al. Breaking rotational symmetry in supertwisted WS, spirals via Moiré magnification of
intrinsic heterostrain [J]. Nano Lett. , 2022, 22(22): 9027-9035.

[62] CHEN R, CAO J H, GEE S, et al. Growth and properties of dislocated two-dimensional layered materials [J]. MRS
Adv. , 2020, 5(64): 3437-3452.

[63] LY T H, PERELLO D J, ZHAO J, et al. Misorientation-angle-dependent electrical transport across molybdenum disul-
fide grain boundaries [J]. Nat. Commun. , 2016, 7: 10426.

[64] KIM Y, LEE C S, SON S, et al. Spiral driven vertical conductivity in nanocrystalline graphene [J]. Small, 2023,
20(7):2307186.

[65] SARMA P V, KAYAL A, SHARMA C H, et al. Electrocatalysis on edge-rich spiral WS, for hydrogen evolution [J].
ACS Nano, 2019, 13(9): 10448-10455.

[66] SUM X, ZHOU W D, LIU L, et al. Micro eddy current facilitated by screwed MoS, structure for enhanced hydrogen evo-
lution reaction [J]. Adv. Funct. Mater. , 2022, 32(22): 2111067.

[ 67 ] ESHELBY J D. Screw dislocations in thin rods [J]. J. Appl. Phys. , 1953, 24(2): 176-179.

[68] JIN'S, BIERMAN M J, MORIN S A. A new twist on nanowire formation: screw-dislocation-driven growth of nanowires
and nanotubes [J1. J. Phys. Chem. Lett, 2010, 1(9): 1472-1480.

[ 69 ] ZHANG N, CARREZ P, SHAHSAVARI R. Screw-dislocation-induced strengthening-toughening mechanisms in complex
layered materials: the case study of tobermorite [ J]. ACS Appl. Mater. Interfaces, 2017, 9(2): 1496-1506.

[ 70 ] HUANG D M, WU X, CHANG K, et al. Strain effects in twisted spiral antimonene [J]. Adv. Sci. , 2023, 10(19) :
2301326.

[71] YIN X B, YE Z L, CHENET D A, et al. Edge nonlinear optics on a MoS, atomic monolayer [J]. Science, 2014, 344
(6183): 488-490.

[ 72 ] JANISCH C, WANG Y X, MA D, et al. Extraordinary second harmonic generation in tungsten disulfide monolayers [ J].
Sci. Rep. , 2014, 4. 5530.



ERRE| Te— Pk, & T HYEURE SR BRI 5T i 2035

[ 73] CHENG J X, JIANG T, JI Q Q, et al. Kinetic nature of grain boundary formation in As-grown MoS, monolayers [J].
Adv. Mater. , 2015, 27(27) : 4069-4074.

[74 ] ZENG H L, LIU G B, DAL J F, et al. Optical signature of symmetry variations and spin-valley coupling in atomically thin
tungsten dichalcogenides [J]. Sci. Rep, 2013, 3: 1608.

(75 ] ik, i, R, F. “HMRARL M2 B (1], 25 % 42, 2022, 30(21): 2711-2736.

JIANG T, HUANG D, SONG R K, et al. Nonlinear optical microscopy in two-dimensional materials [J]. Opt. Precision
Eng. , 2022, 30(21): 2711-2736. (in Chinese)

[76 ] FAN X P, JIANG Y, ZHUANG X J, et al. Broken symmetry induced strong nonlinear optical effects in spiral WS,
nanosheets [J]. ACS Nano, 2017, 11(5): 4892-4898.

[ 77 ] SUZUKI R, SAKANO M, ZHANG Y J, et al. Valley-dependent spin polarization in bulk MoS, with broken inversion
symmetry [J]. Nat. Nanotechnol. , 2014, 9(8): 611-617.

[ 78 ] BARMAN P K, SARMA PV, SHAIJUMON M M, et al. High degree of circular polarization in WS, spiral nanostructures
induced by broken symmetry [J]. Sei. Rep. , 2019, 9(1): 2784.

[79 ] HONG H, HUANG C, MA C J, et al. Twist phase matching in two-dimensional materials [J]. Phys. Rev. Lett. , 2023,
131(23): 233801.

(80 ] malt, s@e, ks, . "N TEPBIDEERIMER (1], FBRF, 2021, 14(4): 955-967.

SU Z X, YAO E N, HUANG L L, et al. Optical topological characteristics of two dimensional artificial metamaterials
[J]. Chin. Opt. , 2021, 14(4): 955-967. (in Chinese)

[81] B, stkdi, A5, . SUCHMI PR AL Tt (1] LR 5, 2025, 46(8): 1384-1397.
CHEN G Y, XU JJ, YAN J X, et al. Research progress on twistoptics in Moiré superlattices [J]. Chin. J. Lumin. ,
2025, 46(8): 1384-1397. (in Chinese)

[82] LY TH, ZHAO J, KIM H, et al. Vertically conductive MoS, spiral pyramid [J]. Adv. Mater. , 2016, 28(35): 7723-
7728.

[ 83 ] WANG Z J, KONG X, HUANG Y, et al. Conversion of chirality to twisting via sequential one-dimensional and two-
dimensional growth of graphene spirals [J]. Nat. Mater. , 2024, 23(3): 331-338.

[84]JIZ R, ZHAO Y Z, CHEN Y C, et al. Opto-twistronic Hall effect in a three-dimensional spiral lattice [J]. Nature,
2024, 634(8032): 69-73.

[85] TONG X P, ZHAO Y, ZHUO Z W, et al. Dual-regulation of defect sites and vertical conduction by spiral domain for elec-
trocatalytic hydrogen evolution [J]. Angew. Chem. Int. Ed. , 2022, 61(7): e202112953.

[86 ] 5, M&F, WAL, F . WEERIPORAER Ot pETc Bt (1], F B, 2021, 14(4): 812-822.
ZHENG J L, DAIZ G, HU G W, et al. Twisted van der Waals materials for photonics [J]. Chin. Opt. , 2021, 14(4):
812-822. (in Chinese)

(87 ] A&, HxE. SUKMBTRMTAZE (1], B0, 2023, 72(6): 067101.

GU J, MA L G. Exciton insulator in a Moiré lattice [ J]. Acta Phys. Sinica, 2023, 72(6): 067101. (in Chinese)

(88 ] fk# o, M¥F, A&, F . SURARIGERICHT R (1], HEFIR, 2023, 72(6): 067302
ZHANG S H, XIE B, PENG R, et al. Novel electrical properties of Moiré graphene systems [J]. Acta Phys. Sinica,
2023, 72(6): 067302. (in Chinese)

[89 ] AT RAh, A#E, kA . MR KR REH b 2808 T30 il BOTse ki [J]. &R 54, 2023, 44(7) .
1273-1286.

HE D W, ZHAO H, WANG Y S. Research progress on photocarrier dynamics in two-dimensional materials and their het-
erostructures [ J]. Chin. J. Lumin. , 2023, 44(7): 1273-1286. (in Chinese)

I+ — F$(2000-) , Zo, th PG Il Uy A, i
ARG AE 2022 4 T 1L PE K JR) KA 3k
[ e VAN o N U v SOl
#& S AR RE AT SR o

E-mail: 1k250516@163. com

BEBEMS (1988-) , 5 ILVU AR A 1
+, WA R S, 2017 4 T 1
MR RA G 0, TN GE 4
LEORM R B B B LT AT ot M R 1Y
W .

E-mail : xiaopengfan@tyut. edu. ¢n




