#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 18 (2022) 187401

T (REM BRI AT I iE

—HESEE L EH T B RV ST R R IS RE VR

HENVF EEHEVIF O EFV) PHEEVY FHVY KDY
B LYY B E KDY F#%  Andy Shen® ZEFVIT FE RV

1) (R R R B2ERE, AT S A PR S 000 %, FE At 210093)
2) (FERE:, N TMESHRE SEARDRGH .G, fat 210093)
3) (L JLE IS, I 430206)

(2022 4E 4 A 6 HIk#; 2022 4F 8 A 18 HUKEMEHR)

AT IG A 1911 AR PR B LK — B EE R AW B U 0 A TS 5 ). AR, 4R YA T b
BHEE U 3208 B, RELE Z 0 Y LA, it SR VBT, TLCH IR R EE Z Y
BHZG FGET Ar ) B R AR I — AR T R BT ST B AR SO 4B R FLH A R AR AT, B IS
WY Y ETERLHA R 22 2 B RO s L RAEANA P T BAE T . B AR T S 2 A R )

H X eI L H A R A S U ) AR R B SR ET T R

REEIA: S, TYREIEILHI A, S RAE, TEREIA

PACS: 74.78~w, 74.25.Dw, 85.25.Am, 74.78.Fk

1 3

1911 4F, faf 22 Bl 2% % Kamerlingh Onnes™ 1
U IR 4z R R TE IR BE R 3 4.2 K BT s L BH 28 2R
TR, BTFR T — 87 00 4 2R 40 LSRR
BLOWE I AR, BERHE S B R B LS A R
%, IR A MG YRR, B 1957 4F BCS
(Bardeen-Cooper-Schrieffer) B i () & 37 P 5] A
TEFAR RS, AR AT R R LR N
AL H AR B A PR 75— iR T AMER
P FEHLBHASON, W AR I S RGP, L B AL
o7 iR A RT LUTCHFE ik FLRE, I 7T LA A:
Y N e e IR A e b RS R AR Sl FAN e

i

DOI: 10.7498/aps.71.20220638

DS PR ARG 58 2, JE T LR B AT DL
HEREETEIG W, IR T TR R Z .
FE IR R TR, 520 R R S BB A
TR F TR, Band Ak | A Sk i
V¥ & SRR AL S S A B AR

FUA R THAGKERBR ], Sge x5 E 2
A4 R TZ b, W BUBUT A A AR AERE & T
P EERS G, (R I A AE RS ot 554 IS A B A A5
R 0O I A RIS, T B
RGP BRI, 2 T PR e AR e IO )
FEMELLIT R 1. {H 2004 45, £ 52 1Y sS85 F J
T SRR IR A Y A B H A R 5 R
JoT ARG 0L SRR A )25 P A A AR i A A1
Sh4, 2 R 35 Y B E T AR A

©2022 HEHEFS Chinese Physical Society

* R EBERR @3S SQ2018YFA030066, SQ2018YFA030143) ., % [ ARFHF IS (S 11974169), rp e @A HeA
B 45 2% (FHEHES: 020414380087, 020414913201), YLIRE FERAFZE TR (#HbiES: BK20190283) Fl g8 11 11 R IERI B4 5%
gt 2 RAERHEFe AT H (HEES: MS22021021) B

(G N

t iBIE1EE . E-mail: leiwang@nju.edu.cn

T BIE1EE. E-mail: yugeliang@nju.edu.cn

187401-1

http://wulixb.iphy.ac.cn


http://doi.org/10.7498/aps.71.20220638
mailto:leiwang@nju.edu.cn
mailto:leiwang@nju.edu.cn
mailto:yugeliang@nju.edu.cn
mailto:yugeliang@nju.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 18 (2022) 187401

IR 25 2 i BRI 25t AN ) i )22 JE B 1 S22 R
L, I BB FAR M & R, i BRI ES . ol
AME (molecular beam epitaxy, MBE). 1 2% S AH
LR (chemical vapour deposition, CVD) 5§ ¥,
TEE YRR (Fan: B R5REE) MR T,
ZE AR KCERAR, T DL A8 T B e ) 4
YOS FLH AR, 4w 2 AE e, s AT
AR, A it JE 1T Dk B gl K 2 8101,

bR TR T 2RSS, — e yufiE L H A Rk
HALPEFA B 0 H T 0. 55, HEAZH
() AR S A A RE A A B U, mll I AN 6] e
5 ] A8 T 2 A A PO S B 4 A 1)
B TS L AR S AR s, I Ar
P S YR, NS, dnT DA SR
A BRI AR I R T, WA A SRE TR
e B TG 0 53 A6, 80T DL — o i F B
B2y | BN S 1010 Sk IR oK , (A
BRI BOR BRI, M PR B R B R

RGN, B2, YIS FUE TR R ] A

AR R | BT EE  Fh MR BT SRR eI ST
SPHAR R LA T AR R A R AL

FT U, ASCREH T LSRR — AR P FLH
Wb BHAT R4, BS A2 T 4B E SRR
LS RS i 4 07 i 5 R AT B, e
HEJELE FLEITAORL R LS A PR R T B,
7 T AT EEARR T A SV EF S BLIR 5 SR 2R

2 ZHRELHA RERELR KL
R

T A P AR AR R TR i B R B
HE, H i O S A SRR R 2 —.
b s A | A SR 0 P R R AL S W)
(transition metal dichalcogenides, TMDCs) LA &
MXene SEHREFATTAORL, I HXF T EA T SR
e B A b TR R SRR AR R/
[F] ST AR A A

2.1 $EAEBEIK

e TR T W B A K A AT Y U 2 —
— e FE AL L ) R A R IS I AR
XA (T 77 KO AR SR ), e
B RAE AT TR REAZ 21 73z S 08 38 0 el
iSO 7 N R e - I E R = S YN TR N e

i 4n: BiySryCaCuyOyg, , (Bi-2212), La, ,Sr,CuOy,
YBa,CuO; 4. X Su4 3 0K th i Sk )2 5 40
G2 BHAIE L. DL Bi-2212 R0, Hom T KR
SR, — I (unit cell, UC) 4355 4~ XL
JZ CuO, Vi, 5454 )2 (SrO, BiO) & “=M4"
ghy, W 1(a) B 19, Hid CuO, JZ %R, R
EN. B4 LR 5 v VR 5 I 4 B BB 5 1200,

(2) —sgrPe—ter (b)
e, lof o'.
PN ST ©
ctse * Bi
| e A e

o | ®
o® % %® o 5r
 SPC - S

Ca
o] ... 1]
i “4‘ ® Cu
0800

B 1 EM RS (a) BipSryCaCuyOs.,, B 145
TR, (b) LayCuO, 195 T-45 b 2

Fig. 1. Structures of copper-based materials: (a) Schematic
of the atomic structure of Bi,SryCaCuyOg /'Y (b) sche-

matic of the atomic structure of La,CuQ, 2 .
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Fig. 2. Structures of TMDCs: (a) Schematics of the atomic structure of 2H-NbSe,*?; (b) schematics of the atomic structure of 2H-
TaS,*; (c) schematics of the atomic structure of 17-MoS,*¥; (d) temperature dependence of electrical resistivity of 17-MoS,**.
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Fig. 3. (a) Schematic of the twist structure of graphenel*!; (b) schematic for top-down stripping process of transition metal carbon

(nitrogen) compounds P!,
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Fig. 4. Schematics of the CVD method and characteristics of 2D superconductors: (a) Schematic of the reaction chamber for the

controlled synthesis of TaSe, atomic layers™; (b) direct growth of graphene/2D «-Mo,C heterostructures by CVD method™);

() superconductivities of 3R-TaSe,, T, = 1.6 KI™?; (d) Fraunhofer-like diffraction pattern of graphene/Mo,C heterostructure meas-

ured at 100 mK. The dark blue regions correspond to the zero-resistance state. The critical current I., denoted by the dashed lines,

exhibits a modulation as a function of magnetic fields!™.
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FIZERAPRL =501 [ S SR D B LA 1,
PRI g k2 Fr gl E X0 X, IFEZ G2
iz T 4o s L 2R Rz .
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BB 1253k 1) S A o fR B, PR bk Bk
RVGTE PLE T A, IR AT I AR B, H AR
REEAR B SR IE AT SR LA AR AE. T AR
VERY T S, Ok 2 i — Ak 1 B B A mT A
iz FAIUBBR B8 7545 232 MR L WH5E 8 SRk,
40 Bi-221212382 TMDCs [33) 45,

IR, LA B AR T il 26 ik LAk
HHTE, a0 S | RAER S RGP REE, (B2
ARG R RS AT S S B AR
ZIALATR) A, PR LA R 253 E TR R BR TS g =
Z R TR S v, 18 22 38 T ALk 25 4T
AR R B T v, Gn: 4 JE i B s 34861 Al
FIEG T H Al 2 B 58 A B T 4 uTE L E
HrppRh g TR L K™ e i A& R AE S 5T, JF U
TAEERRL. B 5 s R S A5 B T B FAk 28
O=AE

3.4 EHitWBESHERRE

W JUAR, 4678 FLH B S AR A il 28 i A R
2 AT LUE B, X T B S AN UTR )y ik i i 3E
AR BRI PVD X F— R IR RS 4B fE L
SR TV IND BT Bt S 83 2 N U B e T = B
PRTEIREA ) &, HA AR = AT SR A 190,

PVD £ Z R YIS R, 7 B IR T
MRS 0 F o8 BT, AR R i,
AL RV 3 REF ik 784 (evaporation) . ik

¥ (sputter) . B9 (ion plating). HH FiR$E K7
3 FHRAMER AR GRS TP RS AR DO —Fh. 2848
1) 3 S R FH e iR 7% BRI, T 813t
TEILE LUURR, BRI B o a7 B, (H TR
iy R LIPS DR 1B S o YA e % R4
SHEBRLT, FEUTRESLIR I, BENEHORS T2 i
PR SRR, (A S BE R AN R 1 Bl T Y,
BRI R ™ A i s R B AR, T L
PERE R F BRI AF B A, IR BRI TR
FEAR, BRI K, BUE A, (B 5 7
A RIORE S e A4 BB f

LA B SAH DR L 3 & fT 5L ) T4l
PERRTRIAR R L B 1o, 78 RS il & )
1Z W H.

4 U TOAE T E AT AORHBY PR L RAT

PRI PE RERAE TR X RERHBIIEA  RIE |
JELJEE 26 o DR R HEA T I, Tk e A E S A R
ALY i TR RE R RS, NI T RAE T B R
P

4.1 BEFHPEBREAR

JRF B RMEAR (atomic resolution micros-
copy methods, ARMM) J&— FR I JF 2 A Uk
PBRER. h T2 AP PU R R R AR L A
/

5 ARG R B HLBRR] B i AR R BRI (a) SiO,/SUhk R A5 A7 Fr 88 W B9 BE 9 6 FEUR (b) SUAE 8 1435 1k Si0,/Si
BEIG (o) BBl 5 B R M HE M, AR5 CTE AR I, 7EA 0 L) 100 °C N4 2 min; (d) #4550 AR EREBR, IR RITEIAT s (e) F1
SR BT AR RO R IR () 28 B SR RO B, WR RJRETE 14 R Z M 2 BB

Fig. 5. Illustration of the exfoliation process for layered crystals®: (a) Optical image of the SiO,/Si substrate and adhesive tape

with graphite flakes; (b) oxygen plasma cleaning of the SiO,/Si substrate; (c) the graphite tape contacts the substrate, and then

heat the substrate (with tape) on a hot plate at ~100 °C in air for 2 min; (d) removal of the substrate from the hot plate and peel-

ing off of the tape; (e) optical image of the substrate after graphene exfoliation; (f) optical micrograph of one of the graphene flakes

on the substrate in panel (e), the flake has a thickness varying in steps between 1-4 layers.
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RO LA B 27 135 B 6 S ph v 2 6 kL T 7
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FAE, XF T B A 4k Y 78 B B S T A
ARMM £ AT AT DL Sz W2 44 P 38 55 T 178 17 O 1921,
TR L ARMM Hag ok UL H Al Y 3 Fl i Ak
FAR R BT

4.1.1 5% E 2R

I BB BB (scanning tunneling micros-
cope, STM) J&—Fpid i AR RET 54 5 2 18] 1 5
THE S GO RN i R A ST R
AR TAE B F2 T RR 2RO, M EH AR SRR
R EWEHL (29 1 nm), - FREMEE, £RB
TR FL R 2R AR S 4l NI P A= BE 2 FL L.
TR 2 L BT AR B A A BE B R AR EIOC R,
1 STM X T3R5/ NME S AR 13 Uk 1991,

S, SEE TR H AN, ERE
PEHLIET 3 > FLESEL, R IRE L A
X it 1) O s R 2 L I T DR AR A g B AN AR
FRFERE 28 LR ANAE, RIS N & STM B UL I P
P TAERE K fE @il SE A BT E SR
1R%5 7y e, ROt T A AR P R R T
i TPE R A e A e B ot 2 T R TR AR Ak
CCR A TAEREE, IFREE H4% S e it 1) 3R
THEAAFIE.

STM #A e = Y I 72 o e, 7e A7 53
ELFAJT B BTk 1 A 0.01 AL i F
Hm o HERUG PE S, STM 7E 4 Ju 1 B H- 30T 4
AR T SR 1 e DL ) IO P It ) FH 7 v 0

®
R
GND //‘ -
H, 9 P
LM‘ >

g | ) It

—~
T
=

Bias voltage V'

Oscillating
>
e
3 ; :
Iy O

1R3FEFHEMER, 3Pt S i R TRAE OGS S, Bl an:
2021 4%, Hr 3k Novoselov B 4 4 | Ff STM
FAET 24 TMDCs M52 05, FE 5 i i e
R i) £ T Rk, M ZRAESE ST LIS Wi DAkt 77 72 ol
I EA S A v A, M R R
PR %) 32 ] STM Xt T AN [al 5% 1 9 1T-TiTe,/
1T-TiSe, 5 B4ty R M AT T RAE, LA/ N
MTHOLT SREIRE =AY, I RIE R E TS &
BRAE TiTe, M REZER JEIH N AR I I T S22 HF 5
B LT 2 BE YR AIE 2. J8h, STM B T k] LA
SN 5 ) S - 25 A8 A1, A Bt TR R BT X
s i it fin—S T 4 HARE B A EAE L, AITTiA 2]
BT, AN A 23R 0,

Hil, STM & &N ZIfe HARZ & E,
H AR HATAT DL TRl By
FRER IR BB AT LU & IR ECE IR JF s A E
REHTIEIA, AT DA S s [A] 3 B, aniE] 6(a) TR
B R Hy DIREALAY STM JRBRIE 92, {52 Hitx
KSR BRVELE TAE e — e R B i vk, X T
R, T R R AT 25 T AR LI
T, M T2 A, 52 TH TG T HLUZ I TC IR0

4.1.2 BT I8

JRF 1 B (atomic force microscopy, AFM)
[FIRE R AT SR i R, R FIAE R
T HERIFEFZ A EAER T, [ IR
a2 I AR IZ B, T 5 B I i i B i 3l
T A0 - B b 8 B 1, e O 2 e A
XoF IS A e AL B AR, DT A A TR 300

AFM () S/TEM
Energy/V Focused
.
/_' !‘- or collimated

Tip-sample gap (z) ’ ﬂff Detector

K 6 STM, AFM #1S/TEM BRI 2 (a) HA H, gLy STM K, DL FRe ot 2, Hy, il IR E =S [/ 9. (b) B
A CO S FHIREAIY AFM /8 2 &, DL K223 o RV i 22 [0 (4 0 7 B0 B 307 R 54 I A 48 20 €0 R 28 € 1K 500 ke 2 T HE % A L RITIR

SIEH. (c) STEM I TEM 7 &, STEM fili Il 5 £y 73 (%€

), TEM fifi I BELH 3R (Brr6a)

Fig. 6. Schematic of STM, AFM and S/TEMP?: (a) Schematic of STM with hydrogen functionalization, and electron tunneling pro-
cess; (b) schematic of AFM with CO molecule functionalization, and the van der Waals interaction between the tip and sample; the

red and green regions correspond to repulsive and attractive mode AFM, respectively; (c) schematic of STEM and TEM. STEM

utilizes a focused electron beam (purple), whereas TEM uses a collimated beam (pink).
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AFM F2A 3 F TAERE, 700l 3 il =X
(contact mode) . JEH il i3 (non-contact mode)
Fag Az (tapping mode). Jii44 S8 L, # il =
R S R TR R B, A EAER 0K
/NEREIZY 10710—1070 N JEH fl s 0 B 7ERR
R 177 510 nm AbHR Y, AN 5 RS B il
AHEAE 73 5 o0 10712 N 1 s AR ) 2 1)
R G R R, e TR L
G R A B T, 3 M
g5 s e Ml B XA 4 bR, (B 2 5L i
FH A A 4 B A AT, B ] A R AR, HL
5y 3% BNFRK 5 0T b bR 7 R ) 7 Y
S, RO HERR I AT A e i
18, (HA SRR,

AFM BIFEFITE T 0 RE S R T AR S50 255
TAHEAT AL, A5 3% T MRS BE | & J5E B RN 3R i
BREAEE S, [RIEHA ] DIXTEE SIE S T 5 1 =
YR X P A R E T AT R R —
W B EESEL, 1 AFM 7E3RE By [ 43 PR 2
29 0.01 nm, A DIARGF b 47 IR R AE. Bl anffF 52
0°F1 60°Ff BEHES ) WSy APEL, 38 AFM Z347 15
FE-fFEARASME, 4555 WA R, LB
JE RS WUZ L5, 60° 1) BT JE— 28 (Z))5 0.13 nm),
I T R HERAERH; BAME—EMAERKZNT,
WS, 2 VARRIKTER: 60°8) 7 B 2 WS, [ZHAF
GHIZERE, A 7(a) FE 7(b) s 07, JEH
1E LaAlO4/SrTiO; Ft i i SR FE H, v L

()

(b)

FAFM MR R A (742 5 B ) A5 24 il )52
BEAE), TRFEAN AR BE R LaAlOz X T i 5 B2 1

51 (98],
Wi e mi s, AFM 5 STM # 0] DL 5
HEFTA3HT, Hoh ARM B0 BER A 3K, (R H
i VS )2 B IR AE B I T TAE, AL
A POEE SR 5 2 SR R EDE SR, o rT LR R
SR REIES, E—EREE LIk T STM FIAR
A2, A AFM 7] LS 3 B BE A1 R 345 7 R
WiE 6(b) AR T CO YIREfLr) AFM JF ] 192,
HAG, A TGN Z RIET R, AFM
KT ARIRBIE, BIan: iz FH i B A AR A
B S L BARE | EL AT AT L R RTI B Y R D S A
5%, 1z PRI SRR R R oA e T 11 i ) B
(R ) A s TEARAS AR S SR DR S LA 1 [R5k
5T ) REU IR T A TR SCERET 71 i BR 4%

4.1.3 FHHETFIHEL

175 55 H - i A (transmission electron micro-
scope, TEM) J& % —FlEF o FEGH R, FEF]
MR R (REE VL 60 keV—2 MeV) ZEiEF
i, 38 L SR AR EAE TSR, anlEl 6(c) BT
7ROl T T RE AR, TR AR TR B R
KB, I REaE 1 BN & 1 20 PR, o a4y
BEARZ) 0.3—0.5 nm, FHEHERL 0.1—0.2 nm.
TEM 75 278 5 B AT TAE, AT Bk P
RAETBe, Hoor PR 2wy, (HHARZBR TR

1] 00
AO

14

PN
A e
ALhls

PYENY

B 7 WS, IR R 3 R F ) BB R T (a) 58k 24 BUR T Sn 00 %8 Bl 814275 21 19 WS, 75 28 8 LA B WA WS, Bl 1906
BElE, A5 Sn JEF, FILH 60°HES:, JC Sn 57, FEH 0°HES, LB R 10 pm; (b) 1L—6L WS, i AFM EHZ, LB K7 5 pm

Fig. 7. Schematics of WS, structure and AFM images: (a) Schematics of the regulated growth of 0° stacking WS, without Sn and
60° stacking WS, with Sn and optical images of 0° and 60° stacking bilayer WS,. Scale bar: 10 pm7. (b) AFM images of 1L to 6L

WS,. Scale bar: 5 pm.
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JEEE, —RAENL T, HEE AR E/N T 100 nm.

TEM 18 RAE R AT H A5 RE ) 20
FEMEE I 5 fhi, A TEM 3RAE 2D a-Mo,C
JE 7454, 133 4 FOR[E 2589 1) graphene/2D o~
Mo,C 5 545 1) 56 3% 1% it i W A 11, nf&l 8(a)
iR © 35530 T Bl 5 23 8] ) ik 8, 153 DL E
4 PR [FI 25 R A e X 1T (SAED) K%,
H P AP SE 075 A RS U], £ s RN 2 e 53331
3 2D a-Mo,C Fl graphene, 4N&l 8(b) fis [,
Hirr Mo, C 175 A ] 52 Ut BHIZ IX 382 o-Mo,C 1
(100) T, 17 c-MoyC FHFE T AT AH rhdRefic s (7299,

BT, TEM R T35 0 2465 K, 8 i F5
AR P & S5 Rl s, DhRenT i —L 4. i
s FHE B F BB (scanning transmission
electron microscopy, STEM) . ik % 175 & B, F {2 73k
BE | PRBE A 37 S L AR L BT T G
TR A . L R DR 1 3 S P I B R — I —
YA FL 5 T2 AL R SRR A ) T, Blanxt =
V2 T PR AT ) R AR 100,

4.2 NEFERIE

2 FAEF AR e2a T BO AR S 1 788
SR, METHMSEEER, HIA 3 &
[B] o HOAN 2 X e T v sy #615, AATT0T LA
WA YGRS, AT IR 50 T RE S T L 4

g R A s R A BN R A R PR 4 3 il
18 T ZHEUTE LR R SR e 2R T B

4.2.1 RBEAKX

HeE & O (photoluminescence, PL) J& 627 4R
MF-Bez —, — BT A U SE B A5 R B PROEECR O
T (PL %), B s AL TR Y B0 TGO Y
ME I, 7 A BRI, TR E B R S0, 2l
—EM G, BB, Z a9
A, i RE R, ITTE i — &35 [ 10U, PL
TS TAE S TR R, FEARIN BT RESFIRE i
[ AN D s 7 2 118 =S ) | SR DO RE 9 )
BHAELT T

TE 2N 78 T H- 307 A A R R T S
PL 0] DI IR RAEA [R5 BE B, He AN [m) J52
TMDCs 9 PL 58 B 22 5 SN2, 411 MoS, 102109,
WS, 104 26T 4 i BT 3t J5E 5 S P A HE G
%, Wit PL 2 —FhRALE LR T

WAk, H T2 DT S o B e s 1 St I L A
R AREE, SRS 1 2 (8] W R 5 o B 00 AT
SRR R E . PL X T2 RS & B9 B+
2, XTSRS R T A R BT
YL TMDCs [A] BT a5 # 5 B2 14 v, il in
HH MoS, il Uy JEOR A Ay [ 454, S iof PL A0
WT RETE R WL A BE AN R 23 UZ IR & O AN R],
AT 25 PR HE 42 1 1) ) ity iR (i 0 1001,

E 8 BHEHETFEMBERZD (a) ZMAE . ANAE . \AIEAAEATE 2D a-Mo,C F AR (1) A 88 465 5 45 /) 1058 335 S 7 51
BEEML (LB R R 200 nm); (b) 2D a-MoyC # i X 38 i B 717 5 L 28, Sl /s 77 76 P2 S F SR I 4548, 21 05 X% 17 2D a-Mo,C i,

SR IE X N )2 A B, R R 200 nm

Fig. 8. Schematics of TEM: (a) Bright-field TEM images of the heterostructures of graphene with triangular, hexagonal, octagonal,

and nonagonal 2D a-Mo,C crystals (Scale bars: 200 nm)[™); (b) selected area electron diffraction patterns taken from the regions

with 2D a-Mo,C in (a), showing two sets of patterns corresponding to 2D a-Mo,C (marked by red dots) and monolayer graphene

(marked by green circles) with the same lattice orientation (marked by red arrows) for each case, scale bars: 200 nm!™!.
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4.2.2  ZokiEk

IRV (second-harmonic generation, SHG)
AR RN T B —, FURBRAE T A ST AL
A FARL A B EAEN, POGTAIFRHEDG
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PRIMEFERIF, TR AH N (5= 5 BIUE.
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2 1% (Raman spectroscopy) W& % FHAY
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A AR P SHe A S i R R 8 DA R AR sl =X i) ko L
BEFYER /D2 1T -MoTe, HEAFRFSE 107, FI| Fi4ir
ELIERAE T CVD G FZE MoTe,, &3
AR A, 7 F 127, 161, 267 cm ! AL, iR
4 STEM R HX 2 JE T 1T-MoTe, HI4FHEIE. 5
Hi, B LAWEE RN AL T 267 cm !t BRSO 16 Bl A
YRR R AR, X 5 AR TMDCs A1, #i
U1 MoS, 108, WS, 109 45y AN A i3\ L 5]
N2 HES 7 L S BIFTE 5% £ S 0 22 B )
K F, Hldn: X2 AB, ABC HEZ £ BIR A
FAE (10000] 5 36 5 £ WUZ A 580 O HL S AR R Y
%%?E [112] %

HHT, ME AR KR, LS Ry T R AN [H
O, WAESEFT AW R, 1 iR IBURRR 73 BT 1
LB S TA=D A L A (eI iy SR NS
SR I | P MU G SR T Y SR PSS
SR, PLE8 IS H R T —Fh ff 51 | PRk |
R R 7 2URAERE &, APAE A R PR R BR
BV B S P2 BUR SR 45 ) 2624 R SRS
PRI 2 114) 5 M) A2 5 2 A A [ .

<

3 mW (b)

‘E 2000 f 4 mW (©)

. 108

wn 2}
£ £
=] =]
=1 =]
Q o}
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] ]
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z 2z
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(o) Q
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=1 =i
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(=)
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Wavelength /nm

102 Lottt

Excitation power/mW
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= = o
o o © ©
o o o o

Slope = 1.99

700
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(=)
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B9 RREZEETT W SHG R P (a) 0°F1 60°F 1 WS, B SHG EI&, 4 B 4 A R B9 622 EHE, EEBIRCA 5 um; (b) # kT
AN SHG 3 (o) SUARIERN 1.99 1B LA (d) 0 F1 60°HES WS, 1Y SHG 58 B 8 )2 50 22 1k

Fig. 9. SHG responses corresponding to the different stacking modes®: (a) SHG images of 0° and 60° stacking WS, ( Inset: the cor-

responding optical images. Scale bars: 5 um); (b) excitation power-dependent SHG intensity; (c) double logarithmic plot with the

fitting slope of 1.99; (d) SHG intensity of 0° and 60° stacking WS, as a function of layer number.
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Fig. 10. Superconductivity transition of MoS, flakes!'®): (a) Dual-gate device and transport measurement configuration; (b) the

phase diagram showing super-conductivity of MoS,, where horizontal axis represents the carrier density.

1) A 131 R0 28 AN B TaT L 3 11901, —Fob g
PERE IL/ZnO EDLT BRI 2 0 A AR IO H A
Jo (1301 JRCHIMAR TH 2 [ 4k, 2 B0t AR voi 1) 85 S FNAR =
BRI E, FEZ W N AE T 4.5 x 10" cm 2,
EETEWATE (1.8 K) IR FRHZ B AR/, i
PUETEAGIR T 3 TR A RO b 2g i 02
TN5E. MoS, 2 R A 53t 23 FH 3 & A A
TR A 0T, A HEO, VEIICHIFR AT, P45 At
T B4 S T 1200 225 & 10(a)
JIr o 029 4 B e B 4800 7 vk B iR 3] 10 om 2
9, BRI R RMEAE 10.8 K A2 47, M AHE
BT SR | SR A At R TR AR
I SR, WE 10(b) Fs 129,

Zi L, BT R T B AL A FET
VA I ERARARARL, AF2 B TR AR R 4% T LU FH
TR, T DLk G R b R ) o 2
FL P I T R[]l R Al e A A 3R A5 P S5 AH
L, A SRR AL 1, AT A B TR
BRI R T DA 438 B VARV S iR A 5 5
S R B IINE A

5.2 HEFS

T3 — PR B, AR SN K1 T
JoT, X 4 T T A A R . R A
BN 9 I 22 1R 02 Fe B IGAL A, 1135 FeSe,
FeTe & 132133 1] 57 £F FeSe 5, FeTe # A K 1Y
BOR, e B bl AR R RENEN, —J7
T AT DAVE R S AR, TR O AR e 0 — Tl
T =2 1] (4 5 1 AT DA B F R AR
XFFIE R A RE, LI Z LY FeTe MLL ZeSe
ot Pd SN FEJE Y FeTe F M B A (R B8 51

57, {HJ2& BiyTes/FeTe 5 i 24 HA M L, HS:
HEE 10 K £247 33 [mlEfets STO(SrTiO;,) 5 SiC
S AWEREIC Y FeSe MEREAE M 1E LLER, K IR REAL
JEL AP ] B AR 420, S BRI TE R, 1T Y JE R R 2]
5 UC LA AT, FeSe/STO Hf i )4 5 18] Bt i )52 i
MR BOE K, T SiC MR AR AR EEARAE, A
T s R RS DL STO VERLE AL, dnf&l 11
JiE R 034, 55 —ANfE STO FEJE F AR KAy 20 5 1 2
FeSe i, HAR PHARREEAE 77 K Bz 19, s
WO I S5 R R A7 DU AR B BOR 7T LK
SEEAS R PR T 2t 100 KB7, X AR T 7ER
JE A7 F5 AR P B FeTe {4712 %8 48 S 5 1 4
il XX — A FR R S B A SR R, P REAE A
Ab A HL | SRS 7 AT BRI B L TR A
P, (H H R — S0 Ui 3252 B s 1 i
T R RO 99, o B2 5 H RO
LT AR AL -, S B R AR LR R
A 1300, [ E A B 5 RS BT 25 i, 7 ST AT
4R TS (2DEG), AN RA 1R 5 B A 3
AT AR T ) — A R 2 192,

TEYOR YR L B P LBl R R AR S, T2 —
FEM G, XTG4 EA R, T HRATRE
T BE TN IS B ST AL, N AR IR T
FERVRIBL RN, BT L, DhZ0ZA AR A 2RI Tk
JE B A AE T B DA ST 0 B A v
HFRESE. J35b, TS S 2 B s AR
HRFEN . 73— DM EHMAR ——LSCO (LaSrCuO)
FIGAT RGP 0T AFEAR 56 1075 LN 5, &2 .
Y AR SR, Hoh 424K La,CuOy 4
J& Lay 555r0.45CuO, T B4 ST 20 4 W b k1 e}
e LT IRIY, 88 F AR R R T 43 A E) 15 KA

187401-13


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 18 (2022)

187401

11 FeSe HiBEL)IE A4 R 134

SC gap/meV

i

m K/FeSe on STO

i ® K/FeSe on SiC

0 5 10 15 20
Film thickness/UC

(a) K/FeSe/STO [y STM JES A, 1%KL 2 L SrTi05(001) AHELE, M1t K JRT#544H 2 UC FeSe

W, K A9 35252 0.163 ML (monolayer, ML), #i[4 K /FeSe/STO SRR % dI/d V M4k, BRFFZEBOR IR AR (~15 meV);
(b) £ SrTiO, il S ALY SiC FEJIE I (Y FeSe MR, 45 3] frt 3 1) Bt bl 7 5 J5E B2 1) 38 A, 1) Bt A R /NI B A TR) A6 1 5—10 1%

LTy, R B RPUA FeSe HYH T B

Fig. 11. Effects of substrate on the superconductivity of epitaxial FeSe films!"*¥: (a) Topographic images of K/FeSe/STO sample,
the K doped 2 UC FeSe films is grown on SrTiO; (001) substrates, the K coverage is 0.163 ML; Insert: Typical tunneling conduct-
ance (dI/dV) curves taken on the 2 UC FeSe/SrTiO; films indicates a optimized superconducting gap (~15 meV); (b) evolution of

optimal SC gaps for different thickness of FeSe films on SrTiO; and graphitized SiC. The gap size is obtained by averaging
5-10 spectra taken at different locations. Green dashed line indicates the SC gap of bulk FeSe (2.2 meV).
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SPECIAL TOPIC—Novel properties of low-dimensional materials

Two-dimensional van der Waals: Characterization and
manipulation of superconductivity”
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Abstract

Superconductivity has become a fascinating research field in condensed matter physics since its discovery in
1911. Nowadays, two-dimensional materials exhibit a variety of new physical phenomena, such as Ising
superconductivity, topological superconductivity, and unconventional superconductivity. A number of two-
dimensional van der Waals crystals exhibit superconductivity, which provide us with a broad research platform
for exploring various physical effects and novel phenomena. In this review, we focus our attention on
superconducting properties of two-dimensional van der Waals crystals, and highlight the recent progress of the
state-of-the-art research on synthesis, characterization, and isolation of single and few layer nanosheets and the
assembly of two-dimensional van der Waals superconductors. Finally we conclude the future research directions

and prospects in two-dimensional materials with superconductivity.

Keywords: superconductivity, two-dimensional van der Waals crystals, fabrication and characterization,

property manipulation
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