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Chemical vapor deposition: From graphene to layered 2D MoSi;N, family
A
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Identifying 2D layered materials in the monolayer limit has led to discoveries of numerous new phenomena
and unusual properties. We have realized the controlled growth of various graphene materials, including graphene
single crystals, films and 3D interconnected networks by chemical vapor deposition (CVD), which show
promising applications in flexible electronics, optoelectronics and energy storage devices. Importantly, we have
developed a CVD method with a bilayer metal foil substrate to grow high-quality nonlayered 2D transition metal
carbides/nitrides with diverse structures. Interestingly, we found that introducing elemental silicon during CVD
growth of molybdenum nitride can passivate its surface dangling bonds, which enabled the growth of
centimeter-scale monolayer films of a new van der Waals layered material, MoSi;N,4. This monolayer material can
be viewed as a MoN, layer sandwiched between two Si-N bilayers and exhibited semiconducting behavior
(bandgap, ~1.94 eV) with a potentially high carrier mobility up to 1200 cm?Vs, high strength (~66 GPa), good
thermal conductivity (~200 W/mK) and excellent ambient stability. Density functional theory calculations further
predicted a large family of MoSi,N, structured 2D layered materials with a general formula MA,Z,, including
semiconductors, metals, magnetic half-metals, superconductors, and topological insulators, which are expected to
have promising applications in electronics, spintronics, valleytronics, optoelectronics, energy conversion and
storage, and thermal management.
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R 2 SRR (CVD) R K —4E 2 MoS, 45K5, & it % 4 B 6B L &4 (TMDC)
e AR TR 5 M. HH, NaCl Al MoOs [ B AR ks £ NapMo,O i, A3 S 1EKE EhR R B
Wi, AT —4E MoS, 90K, AL -R-E (VLS LKLl ZibEk, BRESE
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Na;MoO,, Na,WO, 5. XEiEih B L FRE S (1D S@EMmEEL; (2) EAKEE T EFRIBMESR
JE, BREFERGERE IR (3) AIVET HyO. IXEEks s BERA TR T LA VLS HLfIAE K — 4k TMDC fhfk, nafbL
T I e R (1 77 ORI B 38 S UTRR B KT AR A ] b R A A5 £ CVD 2, TATIHE & [ 90— 4EARE 454+ TMDC
s AR AR FEUE T — R AR B0, 1D ¥ Na,MoO, F1 NayWO, /KA e i fF 15 E A1 1 Si0/Si
B b, AR B R SRR R4S dR I 2 951 52 MoS2 T WS2 Jifi . 2) I A Ik 4 I S AT
WIS SRR G (Na;MoO,~Na,SeO3) 1E ATl gk, SEIL T B A 100-250 pm K&k R RIS 5 1 ik
) 2 P MoSe, WK . 1XIR A A ShE RIREIE A T HoAth o DAAR K AL A A, i) A
NaReO,~Na,SeOs; Al Na;,WO,—Na,TeOs KALFAE KA 4 ReSe, fl WTe,, i EA — 2RI EE M. 3)
IS AB ARG (U NaReO, #1 NaVO3) H|E&¥EE: (41 Na;MoO, 1 Na,WO,) H1, il #% 7 Re (H
TR AV T2 RSB 452 TMDC. 70K, BEFE Re Al VIIREEIR S, B¢
4k TMDC @ R H 22 1 ot b - R VR I S Jm PR R AR . A, 7ELL WSep JVANIE 37 80N AR A 2
FIH V B2:110 WSe, difl (EEPE 1E R TRk, Hinstiae OFSHBR. Bk, i
RO A H 5t 48 Pd 1 Au FEAR I SRS 2 1 1~ 3 MRS L, 15 £k CVD 78 & [ 2 — 4k TMDC
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BT IE R .

D38-23
e RAZ AR R R P ST S
EARSRT BRI YT A
1 ZRABITNE KA



R E MR K S 2024 B8 R AR R K S D38. LHL:HIhREA k)

JeHAZBH AR AR B G IN 1L S HTIRE, AR RS R GBI T, Ak
A BT FCHAE G HAZ AR LR M2 TS ST RO E TAE: 2T AQ-TIO AR E &4 KL HIK
Wi 7 S B WOT DL RIZ AR, S T RABCE I A2 5 5 R, SEBL T MBI, AR AR B D)
Redesr, RILRR T HERIE RIS 98% M m A EMR N N TR R 50 $2H T0a Sk (sp® BIFESE) A
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FER DGR OCERIT) R R E R RGN, B0 Sk p-n 25807 i 5, 4 nT b
PAF IR E IR AR, MBS GAIMRL K48 AR RO PR SR 4 Z b, m] UG 7 14
RABE ORISR E MW EME . X—IREH OS2 RAANESS, HAE /IR0 Shockley—Queisser
PBR o FRATHRAE A SR 52 T — PSR A e AN EUE AR AL HT 7 . B ] Lo i el =X ok i
TE H O FRAE SR A L 5 5 R C B ERIIUED o IR R ATTHE — R 5 4R (]l GeS, SnTe,
Bi, LAK 4 RP 454K MR it e TiX—H 8. RATIISHER L, XELHARRM BB
FEFIE HEIE LS A EPUE RS P RIS T4, TS A 18 30 A AR RS AT SRR B2
X LERIF 7 4 R ] DA BB A T IR A HE IR AR G i e 5 A e /08 T 22 2 (R B R B 8BS BAE AR
BARSEAE T — BB KR .

D38-25
BB MR R B A F L8
Xt
1L FBRECRE 7D

REHE S N TG (AD BIREMA T 2R B SRR, X SRR 75 ZCRUE ) I
ITAbEE, JEELRTE R B VHIR S R AMEAE A IE 2 AT R E I EEE L . WA g8 (CAMD Z&5L
L AR g e (R BRARRE AR T B, RRERT K BUER AT AT R, AR RE IR FI T RE . SR, A
FESE CMOS ARt IE SBENAEEUEE 2 (SRAM) SRR —A CAM B0l 75 2K 16 ik
B fEME T, AWEE 7R TS BB AN ZE MY K =H CAM (TCAM) FEHl CAM
(ACAM) HLEEH 1T, TCAM I IN—AN X (“TEk”) AL —HEfIf0f 1, 58 7 I TR A
ACAM By MITE 58K, ek e N\ B R 5 A7 A CE RS AU 50 IR RS B ELEAT UL RC R A, (AT 2
W 2% B FE R BT R B 1 0K

FEIXIUT AR, FRATRIFHEE R (FeD) WIS T mfErE. AEZ RMEMAEL M, WG T —Fi&ET
0 SRR 2 B A (2-FeD) [1) TCAM HIERAER, ZABHAEI L E] 45 YK T ERF, wJLAISCHFRZ) 0.1
IRV B8 R AR R AN T 0.12 P RHCK IR TTiAR . Bhah, FRAMEH T M T 2 Bin e iR
(2-FeFET) FiE I ACAM Z8%y, ZZEMIFETRR S 45 4k T 2H RS, SCREBAHITH 4 S gmisEdRE )
HATHZR, MRERHT LN 0.3 4970, HIcHB/NT 0.18 “F K. FATERKITEX PR CAM ZEHTE
WL 2% SRR B 2 ST I i B R
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D38-26
ik R BB LA K R TR SRR AR
ST

1. MR

S5EGHZ aldE A B (ALOs. HFO, Z5) AL, PL h-BN AR 1) B S 5T I vl 45 2058 ki A
L)€ 7 Pl P 1 A= s el 28 7 VAT N = = S 7 v O /AN TP /1 < 1 WA DI SR S
PRI T I A L H EOAS 2 B e UEAT TO A0 88 0 4 s S5 M A o AR 5 K /1 48— Pl 2L =1 « AT I BioSiOs,
‘BAT LA R 5 (1) BiFs A B AL =SV (CVD) kSRR AR T HAL - 4e4 4k, — 4 Bi,SiOs fmfk
ATEVAERKTAERRZ b, X AERRATTA] LA &7 58 R U R 0 07 2R 88 B AT s R B Al
FHIEFRI, 4k BiySiOs f AR A FLH $0>30, N H AT CVD il 4 1 — 4k 5 S b e, B
HERTIR (~3.8eV) FlE i Fnmt s, &M TVOEAERF k2 G « A, R4 SRR R 2 K Bk
[ . B, AR T BiSiOs/M0S, IRIhAE. T AR, HIR/EREALE 05 V, JFkH>10°
EFERF (=3 mV), HIREEA LK (DIBL) "{KE~5 mVIV. BbAb, A 8 R Z A AR A TR
HIFWIEAE AT I TAE[2-4), A4EE BCEA o nT R I & « B G4, DARCKEAI A o 1 H 25 S5 A0
[ (CET) fH48/NEAAKSE.

3R

[1] J. Chen, J. Wu*, et al. Nat. Commun., 2023, 14, 4406;

[2] W. Ai#, H. Fu*, F. Luo*, M. Deng*, J. Wu*, et al. Nat. Commun., 2024, 15, 1259;
[3] J. Chen. J. Wu*, et al. J. Am. Chem. Soc., 2024, 146, 16, 11523;

[4] L. Zhang, J. Wu*, et al. Nat. Electron., 2024, revised.

D38-27
Micro-LED i RJeHHEI 5 ae R
EHEY, THARY EAHL, Z5K% 1, Takatoshi, Seto!
1. 2R

Micro-LED A T —AREREAR, JeleHbh R SE Il 4 sk R I REA R —, BT R RN E
TR AR B /NRLAR S R T T I EOR Bk AR T R IR ETEZE . BT RCRIK. 2R R/ IVRAR
L5 E 22 1B R AT 25 S B 1), A 75 S 3 R SRR v 2 1 2 A2 R U 7 5 T AT T

SJSHEIA: Micro-LED; i, &7,

D38-28
Modulating Nonlinear Optical Response in Two-Dimensional Materials by Interlayer Engineering
FRYT, JREE?
1. Renmin University of China
2. Beijing Institute of Technology

Two-dimensional materials (2DM), with inversion symmetry broken, exhibit remarkable optical properties,
such as pronounced anisotropy and enhanced nonlinear optical effects. Recent studies showed that the nonlinear
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photoelectric response (e.g., shift current, second harmonic generation (SHG), etc.) in these materials is highly
related to the stacking order. Here, we perform first-principles calculations combined with time-dependent
perturbation theory to investigate the nonlinear optical properties of various bilayer 2D transition metal
dichalcogenides. We focus on the role of interlayer interactions in modulating the shift currents and SHG.
Moreover, we find that the strain can effectively tune the nonlinear optical response. These findings not only
enrich the understanding of the unique optical properties of 2DM, but also provide new design strategies for
controlling the nonlinear optical characteristics of 2DM.

D38-29
HTHUPPRHGR I A ROt/ BT RE

SEC

1 iR

AR OREE (UNZR IR A5 ESERR 5 10 —4ETCHIM R R 225 2 R, 38 A AR R AR
SIS B o A R EREEIN LA %, A B AR At ORI, DRI AR AR R 1 5 AR T
9T AR ST ) AR ] AR JE O AR R R SR B REAT et 1 SRR RE R IR 422 24 AT 7T
T PR — A PR, X SR A R AT TR 7 BT ML AT B2 — e i R 3 R A A BA TR AL A
ZHETCHUAA R R e R 2 AN D BE A 5 T ORI TR S, LA AR SRS I R A BT BB R SR T T
TACART, OSBRI P AE S5, 2 BT L ARl 5 0 AR ELVR R ) 25 Ry v e V4% iy T o
RIHT 5t

Z3CHR

[1] Qian Ly, ... Bilu Liu*, Jia Li*, Feiyu Kang, Hui-Ming Cheng, Qihua Xiong*, Ruitao Lv*. Nat. Commun.,
2023, 14, 2717.

[2] Qian Ly, ... Feiyu Kang, Ruitao Lv*. Adv. Funct. Mater., 2022, 32, 2200273.

[3] Lingxi Zhou, Yangfan Shao, Fang Yin, Jia Li*, Feiyu Kang, Ruitao Lv*. Nat. Commun., 2023, 14, 7644.

[4] Yuchi Wan, Muyun Zheng, Wei Yan, Jiujun Zhang*, Ruitao Lv*. Adv. Energy Mater., 2024, 2303588.

[5] Yuchi Wan, ... Jia Li*, Ruitao Lv*. Adv. Funct. Mater., 2021, 31, 2100300.

[6] Leping Yang, ... Jianhua Hou, Zhen Zhou, Ruitao Lv*. Adv. Mater., 2022, 34, 2105410.

[7] Yuchi Wan, Zhijie Wang, Jia Li*, Ruitao Lv*. ACS Nano, 2022, 16, 643-654.

[8] Yufeng Zhang, Qian Lv, Haidong Wang*, ..., Ruitao Lv*, Xing Zhang*. Science, 2022, 378, 169-175.

D38-30
TR EL T 5 TR

et

1. T

TR S ARRIE SERIZ I SO F R E BE F T ADG B TR MR R Y, AT
— AT R A A K KIS BORG, SEDL TSR L7 ORI LA i R BRI A AR L0 A
RS IR T N 13— DU AR IERE,  BRATIR D fa] S AR P 1) 28 2R 901 e B 52w O 1 el 5 <2 7
. i A TG R, MBI LD AMAII A H SR T 1,55 ORI LEERIIZR 1] ik 6.5>10% Bl &
13— B T RE O P — ek A REAE SR R 5 4G, W3 1O HL RIS mi S (RZ L3S, I o 1 HLAEZ04hE
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I B A — R D RE o FLUR, FRAVIAE SR 7 2P I 75 5 BAL I R Th SEIL 1 s ot S 40 oK 1R SOME B s
FHHRIIA T @ O R LR o A, FROKGJE T 187 R AR ZE B ) 28 PR A, SR 1 37 RS AR A
AR THE ANy = 4R H R A 3R

D38-31
AR Y R REM AT SRR
EF
1. HH K

T AR B A AR T A AR PR G SR T PR S, T AR 2 AR SRR IR 1% I
e NN A S YR SRR SR RS SIS MR RE A T B AR R 32 A A3 TR K
PSR AC BT L <A R J2 I3 TR 2 SRS, A R 2 — A~ S A ) A PR 8 M 59 AT 1~ 75 R o
JEE, DRI KR FEE $ 0t — 4 it P (1 it 38 i 2R S i nis R e . LR, 3B AN H s A % gk
R 5 AR IR T ) AS [RI A P LT RV e A% S A7 ik, PT SIeBA 22 SR Ak T B VR RO AUL S A B — A s,
T2 IiEe N AL 2 24 DL K 4 R 5)) H AR .

D38-32
(R IEARI B R
AT

1. P ERFEBE R A LS LT B

LB ZAEMOR SR AEAT R A R T & BT B SE P UL AR R S 1 42 i (RGEM RN
S PR AR A T ADE R BEANE SR 7 — R E RS IR &, XERPRAE G 1A HDE L7 U
DU SN A Sy, ATB DS Bl m R RO A AN o AEIX L, B E A AIRAE (D R4ERE
e FIR G VR B AE B ' FELER N S FH 7 THI A B ik Jg o (20 H T AR v _EAR BRI AR ) — e Rl (38 47
BEFRNT T (3) milhRE R A A A A A B IR IR R, DU 7 EO6 TR S R R A
JEF K IXEERPRLE DE IV A PR 27 S B R PR ARORAERE B AR BT DURZERM R R SO
ERC L LIV V-8 o B

D38-33
BRE R RN TR — R
i fe
1. AR

SAEMRIN R K A2 PR 2R B AT BT SN N R R S R ST R R —. T8k
FEL2SOE FR) 12 LS5 1 P 3 U 42 kR R AR SE AR B SR ISR, 237 R4 AR ML S 1 1 ik AR
SEACYIAAN AR RS FL SR B A T B AR EE A, T DASEBL AR ZhAE . eAh, BBl LIRS, TR
HL AR ISR 2 AN RIS RN, X HE— DI TR R . e SR e R RN AT, kT
BRHUPDRIRIBE A S A B2 AL BEAE AT DD e T T o 4 S A B . AR T s g 1 IR AT R AR B Tk F Ak
LAEANZE TS AT T RO TEE R, LGBk v 3 AR B R AR 5 A7 i 45 (R TE YA S A7 S — 1R R 51
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[Nature Communications, 15, 513 (2024)]F1 %8k H 45 (147 PR BN T4 22 I 2% 1) 25 i 405 [Nature: Materials,
22,1499 (2023); Nature Electronics, 3, 43 (2020)].

D38-34
SR A — Ak e R A R FLh A B
W E AR Y
1. R R

TYEMRHE IR TR T B B TR RPN B SR AL SR AR A BRI A
TAE S EEH A AR AR AR AL RS PR R 72 4 SRR R T iis, M ekl A
NEFERTIEE . BRI E R RTINS R, BRI S T4 SRR A B S A A
A SN IR Y ARl . A SCRI ] —4E MoS, 15 P(VDF-TrFE) Bk Ft 3R & 0 5= Sl 1A 47 ) 2k
e e, IR LS TR LT S P A AN A s T SRR PR B ATESE T MoS, - RIS AIRE 5 5%
RO, LM Ek i 2B ALY, S SR CAZ I 18] B A R0 2. AE I N TR eSS
PR FL A AR T AT SR R S R 25 F K i S i 2 5 st A AZ I 18], D SEBLE & (A 22 UL A5 B0 25 i LR
SUE S AL IS BN RIS IR SR A, FRATTEE— 25 5 st #4570 22 o SRASL UL A A 22 7 OURH i AT
DRI [ S B, 58 OB Bl 5 i RO P i S AR o

D38-35
H A TESPIESR N R E — S

BREzR

1. PR

MG RSN TR RE S KA YIRS — RN PO B R NE ] . B & R SR Y
SRR, LR AR EEHR A AR K H aa 08K, 77 AR K B AR S5 A A B S A5 A ot A 1) A 2 Ay — il
Ham B RS . TR, BN RDIREEE S I S 5 RGUR IR, "B RENE K>
JOAREE AR, AT FEARARRE 0 A B T SR MTRERE, XTI 7] B s B 3. B RENLAS NS5 — R P “If[A]
TR N AT - LR . JUH R RE NS BLERAE AL AR M 21 8 N A 2 X 2% (1 SR B — AR 2 F
FERRFIOGAE BB FN 58 5 BT SEAESS, SSRGS SR & o 3T B — R B P 2 TS LA AL
9 SO S LA AL SE AT T R BT A A

W NI F RIS RAEIETT, He T U S5 T — RO s R REAE M 2 T 5 4%
fF o ARARERA GRS NI IIE YRS — RS AP 2T LS T R I ot fg, ARG — A 2%
PESEBU G L A S SR AR AL AN SR, DL R R SEEIL I B A0 T B 2 ST 55 AP 22 1 S W LS I o 55

ZH R

[1] Zhang, G.-X.; Zhang, Z.-C.; Chen, X.-D.; et al. Sci. Adv., 2023, 9, eadi5104.
[2] Wang, F.-D.; Yu, M.-X.; Chen, X.-D.; et al. SmartMat, 2023, 4: e1135.

[3] Li, Y.; Zhang, Z. C.; Li, J.; et al. Nat. Commun., 2022, 13: 4591.

[4] Li, J.; Zhang, Z.-C.; Kong, Y.; et al. Chem, 2021, 7: 1284-1296.

[5] Yao, B.-W.; Li, J.; Chen, X.-D.; et al. Adv. Funct. Mater., 2021, 31: 2100069.
[6] Zhang, Z.-C.; Li, Y.; Li, J.; et al. Adv. Funct. Mater., 2021, 31: 2102571.

[7] Hou, Y.; Li, Y.; Zhang, Z.-C.; et al. ACS Nano, 2021, 15: 1497-1508.
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[8] Zhang, Z.-C.; Li, Y.; Wang, J.-J.; et al. Nano Res., 2021, 14: 4591-4600.

D38-36
HEHEA R ET- B THRAREN ~4EhHR
YRR Y R
L SRtk

T AMX S L A R—MERE T, MEEMER, X Z2RETR) REAET-HTES
AR — BB . FEX L, (EFARIE T —Fh AT B LA AL 2 SO DORL SIS, DA 20 Fh— 4
AMX UK Fr o (EFERNE, 10.4 GUKJE 10 AQCrS, K A fE =i T RIVE B & 7 AT 8, Braex
1% 192.8 mS/cm. ££ CuScS, 492K b LR £1) & i Ak H M AT ] B AL AR IR/ O AR B o IXTHRIE FEANUN B R H:
AIRFIE R ) 2 70 AR AL TR RGE1R, 1 HO T E AMX AL EIE R T e T LIRS
A IR BE 1 A

D38-37
RN G S s AR R B 7T
g b
1. bR

BT ima R RT3, RMEL AT U I E R 3, RAI I SR A EER
FRIAEIRL AR AR R e, 22 NAREATT TR . IR sede s B 54 2 I E i I+t 2
FOCMEHILREEMGE =M RIS RS, LI T s T R RS 7 s (0 I A7 SE I B
RAL, 7R T8 Tz AL 5 SR GRIE A A SRR . 1105 A SE RS 5 D63 TR % HIRLRE % + B3 A
=G AR ARSE, BRI 1R AR SR L RS AL T s &, SEEL TR A
W A RHEA FDGBRAMREE T RE T2 (BUEREEd) rEsE, B 7 & iz
KR 5B ahigte, MR 7 RaE X ) i fe g R . Wt E T (s 7, "B T
S8 fE IR T sl g oK IEE R AR N T . R T SIETE RUE AL, ek
By fais F T AR RN R o BT 9 2 R R IE [ 501 I 3 SO SR 5 8, IR FH 4
KIBTE RS T fria TG TS O SE R BEAOR I AE 2 A, DSl R A A MRz AL
EA, AZ RIS 7r 1 LA B 7 B RS S U 85— RS A 0 S GOR AR~ 5 SURe I ) A a1 L
AR 7T«

D38-38
2y N G W e e
Tkt
1. PEAE LAk K2

IR BEVR A5 F AR 55 B i SR OURHR ™ mes (Y S B A%, T AF 1 e M A e PEAEARAS | 52 21
WHEBHL T 200, BTSRRI B UL RS sl il R AR TARSR A IO CRT A 40K i 1
PEARTR REVR 31 3 13 1 2 HB B, RGURTT T 9UREIIEOLHIE . A SEAFR, SeIl 7RIk
VAR R TR RS T PTEEO S, WA SRR CHLTKEETS “pen SRR AEGOK - B
PRRPRE B AR AR ) 7 S5 A TR LR, SR T 9K SO RN R A f it D't A= 1) 2 e
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LA RESE — R R VEREIR IR BEVR AR 1, W IRBRBEVEOCBE AT R B F BOWE A SR T oK O
R L

D38-39
EEERT e B L S B
B fgm
1. fBff K2

& B ES R I ARG Y B T 2R AR B A S RRL, R RO AT
FARSAAR . A7 58RI L GREE A 2B m M R 45, 7 LED Al PV A5 45k i B R BOAIT 78 A0 2 F
1B,

EFSERET LED NI, ARG T2 I7iEM & A3 2 RS0 MR 5, WIUNEINZE . IR
HERARNAEAR I 2 S B 255, DR R IE ¥ 45 1F EQE #ziz{X T~ OLED #1 QLED. FAHZH KRN A
Wi BRI Gy TS A i BRI SR , SEBL T 5 61 EQE B 20% S5k LED : FRA 1
HAS IR SR A5 S ok, 3 ARGERS R AR SERE . AR BOR TIEA S E SRR, HIRRIHT T ahds
F EQE 4057(25.6%)%; F4bh, BAEASMELMIRE . 3R T 24T AE B Sn FI 40 454K LED® 25 )7 1ii
WAG 7Lttt e .

EESERET PV NI, FRATHIS 4l FAPDI; F55K0 RO ZE . DhRei & BhidAim A= it il o5 A ek /
TS 2 AT 7 — Lot TR, a8, JRATEN SEFE S AR ST, FREERTTH i
BT F A PV B 106 UL 3 30%, USIE IS 26% M IAIE R ; 75T P A Sn SR ERH 1R R A R 2R,
SE A OB B & SIAAL AR ¢, RRAAR T AR R LI AT USSR MR RIVE R, I HABRAT T 4t S JE 45 ke
PV 13342 T1 31 15%°.

BRI FRERET; ARG TME; OKFHRErEI; ShFasith; S

SR

[1] Lin, K.; Xing, J.; Quan, L. N.; de Arquer, F. P. G.; Gong, X.; Lu, J.; Xie, L.; Zhao, W.; Zhang, D.; Yan, C.; Li,
W.; Liu, X.; Lu, Y.; Kirman, J.; Sargent, E. H.*; Xiong, Q.*; Wei, Z.*, Perovskite light-emitting diodes with
external quantum efficiency exceeding 20 percent. Nature 2018, 562 (7726), 245-248.

[2] Ma, D.; Lin, K.; Dong, Y.; Choubisa, H.; Proppe, A. H.; Wu, D.; Wang, Y.-K.; Chen, B.; Li, P.; Fan, J. Z.; Yuan,
F.; Johnston, A.; Liu, Y.; Kang, Y.; Lu, Z.-H.; Wei, Z.*; Sargent, E. H.*, Distribution control enables efficient
reduced-dimensional perovskite LEDs. Nature 2021, 599 (7886), 594-598.

[3] Lu, J.; Guan, X.; Li, Y.; Lin, K.; Feng, W.; Zhao, Y.; Yan, C.; Li, M.; Shen, Y.; Qin, X.; Wei, Z.*, Dendritic
CsSni3 for Efficient and Flexible Near-Infrared Perovskite Light-Emitting Diodes. Adv. Mater. 2021, 33 (44),
2104414.

[4] Sun, C.; Yang, P.; Nan, Z.; Tian, C.*; Cai, Y.; Chen, J.; Qi, F; Tian, H.; Xie, L.; Meng, L.*; Wei, Z.*
Well-Defined Fullerene Bisadducts Enable High-Performance Tin-Based Perovskite Solar Cells. Adv. Mater. 2023,
35 (9), 2205603-2205610.

[5] Chen, J.; Luo J.; Hou E.; Song P.; Li Y.; Sun C.; Feng W.; Cheng S.; Zhang H.; Xie L.; Tian C.*; Wei Z.*;
Efficient tin-based perovskite solar cells with trans-isomeric fulleropyrrolidine additives, Nat. Photonics, 2024, 1

D38-40
PHERDT R 4 A AT B 2 IR oL b 0 4. 2 5 D i R R
Je T OMEYE Y, Bkt HAE
1 EEMREE TR
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S Cp-i-n) BB A BH At it TR R AR 2B i RN K 5 AR BRI (CIGS) S5 A G AR FL it il 46 &
JRE RS E, B TR ORE . SR, A LB AR AR BT A A R
Z255 R A R LG R THT R, PR T AR AF RE RS AR I E— D R . AT, AT TR AGEk ™
OXBH it bR -HR ST E AR AL R m-MTDATA 5 PTAA #RONUZE P AL AL FHEeE, $2m
PTAA REIREIER RN AR 75 PSCs Z AR H 22, Ji— i, FEFSERE" LR e R 5 IR0 i
(PhABr) FH4fi LAGARIHYE, IEFEVE R BRIGERE Rk W I & Pbly, A RG] Aok . £ AR 1,
B T FECRIETAY) (4-FH RS, CBND [FIRHE 2 /R o -6 /2 S TS U (¥ By 7] i1 55
I, REFIMSSET: p-i-n B Aot FRO A FL O o P R A AR e 1k, AT Bt — B4R T i 1 (2T) AR
BB e J25 K H FE b o TR F vt L L VR O DL TRC P o S a2 2 - S T e ) 92 SR DI A I ) S s AR AT R
FH H b RE R AL B RCR L 22.5%, CIGS-F5EkH™ 2T & /2 AP i Rt AR BRI 18.3%.

D38-41
PP ALE TR SR
T, AR

1. National Center for Nanoscience and Technology

BACBOTRMAR DG HEERE S A NEAR . FEARLEDAMT R b SEHU AR AL BT H RS HE A2 0]
TRI EZFNIGURGOCE SR BRI E R EE ., RATHIBTIRR T — 42 —4EGRAR it
WOt ROk, RS 1 RATH e RsgoR e 5 7 AR AL o . Sl T sk A e, Th P
AT R AL, /G T KEEEEAiERe. 220, R, (aBde. BrREsSEIik,
DT TR BTC AR SR ORI SR T 1) o X BB FE ORI T RABAT S AR N e 240 e 1 B X R
R FUR SR R LIRS Fr S it 1 Bt A%

D38-42
Tk L SR AR A TR
XA
1 RTRHERE

BREAPRHA AT SN B nT R I B A, FEAEREaRIE . SCREE . LRAFS RS A B
ZHINH . S2 i T AL R IR IR R R S R, ATt b T HLURy 1) 45 4 Ok i 40
MBI R o JR AR B A A7 AE AL VS ek AT R B Y 1 5 1% Se ik AT RHBUOR A R RO MBI i, R
B SR RN DU PR Bt A th 205 . AR S BN 3L+ 4 CulnP,Se 7R RAERRHIMIIE I AE
WSS I e S o BAh, YEREARRIRAARL R TR AN S I B R (8] T BT A, 3T
SIEERHEMNAL, JFEM R RTINS DLRIE,, SO R B . JRA T X T A Bk B AR 2 18] A LA
REEATIR T, SeBL 12 B ek il A R 42, Sl 2 Bk A SR 0t 7oA A &

D38-43
TH LA B — R B I SR A R 3%
PR
1. Beijing Institute of Technology
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TN R RE ST (K A RISV EE 7R RE A RO BR ) 75 20 A GE tH SENLAE 5500 B O A EAT IRAE (24
A2 o LUZ P 38 9 A SCHUE 5 TR — R B BOR, A RBALGEit Wi B SRR3R Bt 1 A Rl Rk T 5
ST EA AL B RLAS B UL L a4 TARNLEL PR ], (AR AZ AR T e XE LA 55, DIAE th x4 AR
T E R ekt h T 2O AN 2 B e ek, USRS B T IR SRR 2 2 1 )2 9
AR AR AE A, VAR A SRR A R SRR R e RORE DL SR B A5 v (K LR A SRR 1
wE, SCBUHT RS S A AR S B IR

D38-44
TG A A R PR R TR AR A K B LBk B B3
G
1. Wb R

B B RAE T 5 B 1) 4k 2 54K (2D-FES) A A oK ok S B B-A7- S — Ak 2 i
DL R AR S5 B SRR I B A A RMA R 22— 1] 7E CRIE R 2D-FES (51201 In,Ses, CulnP,Sg, MoTe,,
SnS) H1, a-In;Ses HA A& AR (1.39 eV), BUE L FITFEEE, DL R 2 5 2 IR P T 7R S 2k f ik o
SR, InpSes @i AH AN iT 4% DL B ASOK 9 1) (A RUST 7™ B 1) £ 1 LA St v g T (P 9 DA B R AR A e
IR

EiZTAES, IRATHR T AL 22 S AT (SD-CVD) VLA S ARAR JE 3 Sz I 1 B K RSP B, By LA
o =R InSes B [1]. B SETRATRA SD-CVD 4K 7 K RSFHY B-In,Seq M5, 5 i ]
FHZE 0.9 nm. EIEERIN B-InSe BIRTIKAA A, FRAG T HEK RS Br-IngSeq . (£ J5A7 g siiidr, ATl
RIL B-In,Ses 2= il B IR UEAL )y o-InySes, I T [k ML BNk HL AR #5 AR [2] o B T bR BE, FRATHE
B'-In,Se; L F5 2 PET Zetha i L, il R 2l PET, IS T a-InySeq I I KA il 5 »
0 R M R S BRSNS T TN Bl-a ZERSFSE . T =R RN AE (FET) #%
PF, BRI EIERR . H o-In,Se; HEH % 1) FET #3F B RMIICIZE OMEFERE CKT
50 cm?/Vs), LUK IAE T AMEAIERR A2 E M. 1835 T B & W I Ak s R S ORI, Bl-a 24k
JREERDUH LG o ME R E O, X fE43 o 2857 B RS & HE 5 R A ROE 7.
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[1] Han, W. et al. Phase-controllable large-area two-dimensional In,Se; and ferroelectric hetero-phase junction.
Nat. Nanotech. 18, 55-63 (2023).

[2] Zheng, X. D. et al. Phase and polarization modulation in two-dimensional In,Se; via in situ transmission
electron microscopy. Sci. Adv. 8, eabo0773 (2022).
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Li Wang *~
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Boron nitride (BN) single crystals represent a pivotal class of two-dimensional (2D) materials, characterized
by a myriad of advantageous properties including insulation, thermal conductivity, stability, absence of surface
dangling bonds, low dielectric constant, and ultra-low dielectric loss. Additionally, they exhibit ultrahigh
nonlinear susceptibility, high laser damage threshold, and wide spectrum transparency. Notably, BN layers
featuring unique rhombohedral stacking manifest exceptional sliding ferroelectricity and unparalleled coherent
enhancement, underscoring their extensive and promising utility across the realms of electronics and optics.
Nevertheless, the growth of rhombohedral BN (rBN) poses a formidable challenge, necessitating the precise
construction of a metastable centrosymmetric-broken lattice with atomically accurate control during synthesis. In
this talk, I will introduce our recent research pertaining to the surficial step-controlled growth of single-crystal BN
monolayers and the bevel step-controlled growth of single-crystal rBN multilayers, alongside the potential
applications based on such single-crystal materials. These investigations might hold the potential for transitioning
boron nitride single crystals from laboratory-scale research to scalable industrial applications.

Reference

1. Li Wang*, et al. Bevel edge epitaxy of ferroelectric rhombohedral boron nitride single crystal. Nature 2024, 629,
74

2. Li Wang, et al. Epitaxial Growth of a 100-square-centimetre Single-crystal Hexagonal Boron Nitride
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Monolayer on Copper. Nature 2019, 570, 91
3. Jiajie Qi, et al. Stacking-controlled Growth of rBN Crystalline Films with High Nonlinear Optical Conversion
Efficiency up to 1%. Advanced Materials 2023, 36, 2303122
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AR RN Au(L1L) AR, B Au KA IS G B E AR KA, 5B MoS, 5 Au(111)58 3£ 11
i A VG BC AL ) AR AR, SEB T B — B 02 MoS, oKt (T ) 2% . BRI SR B, A
A BT AAR LG (SIMO) T, R E & 1EL % (Mo-zigag 5 S-zigzag) HIVEALZHRIE MoS, RSN EE R A 3t
M AT HIEZ MoS, 25717 FEFIAE s RS G A IRV TE AT RLRT R b U S AL R, 293K 45 1105+
AR RE . HE— D RORE RN, I8 A A ], X 28 B —H A I F1 R L2 Mo, 2% AT LA e i
B, BATCEEPHEIV I MoS, FL g il . S22, Z TAERRE T & @A IR I A E AN MX, 56 27 B
A1) 52 0 2 Bt S (R SRR, 6 TR N BRAR T EADRME 48 2 B8 T R A IS L R AR S AR AL B
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[1]. Yanfeng Zhang*, et al., Chem. Soc. Rev. 2015, 44, 2587; Adv. Mater.2016, 28, 6207; Adv. Energy. Mater.
2016, 6, 1600459; Adv. Mater. 2016, 28, 10664; Coordin. Chem. Rev. 2018, 376, 1.
[2]. Yanfeng Zhang*, et al., Nano Lett. 2017, 17, 4908; Adv. Mater. 2017, 1702359; ACS Nano 2019, 13, 885.
[3]. Yanfeng Zhang*, et al., Nature Commun. 2017, 8, 958; Adv. Mater. 2018, 1705916; ACS Nano 2020, 14,
9011; Nature Commun. 2018, 9, 979; ACS Nano 2019, 13, 3649; Small Methods 2023, 2300165.
[4]. Yanfeng Zhang*, et al., ACS Nano 2020, 14, 5036; Nature Commun. 2022, 13,323; Adv. Funct. Mater. 2023,
2303520.
[5]. Yanfeng Zhang*, et al., ACS Nano 2020, 14, 9011; Acc. Mater. Res. 2021, 2, 751; ACS Nano 2021, 15,
1858-1868; Adv. Mater. 2021, 33, 20054658; ACS Nano 2023, 17, 1, 312-321; Adv. Mater. 2023, 35, 2207276.
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