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Two-dimensional semiconductor thin film materials are typically represented by a type of transition metal
chalcogenide compounds. Its unit structure is a layer of transition metal M (such as molybdenum or tungsten)
atoms sandwiched between two layers of chalcogen element X (such as sulfur or selenium) atoms. The MX,
structure is less than 1nm thick. This type of three-atomic-layer-thick film is a semiconductor with a band gap
between 1.5-2 eV and a typical carrier mobility greater than 1 cm?V™*S™. It has important application prospects in
the field of next-generation electronics and optoelectronic. This presentation will first introduce the research
progress of this research group in designing, building and improving MOCVD equipment for the growth of
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two-dimensional semiconductor films; I will alfide (WS,), molybdenum diselenide (MoSe,), tungsten diselenide
(WSe;) and other film basic growtlso introduce typical two-dimensional semiconductor films, such as
molybdenum disulfide (MoS,), tungsten disuh parameters. We will focus on the progress in the growth dynamics
of two-dimensional thin film materials on sapphire substrates, including nucleation, epitaxial growth, crystal
domain merging, film formation and other processes at the micro scale, and point out the impact of these
microscopic processes on wafer-sized two-dimensional thin films. Finally, we will propose the current problems
faced by MOCVD growth of two-dimensional semiconductor thin film materials and the direction of efforts.
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cm2 V=1 s=1; (3L | A3 T A 85 I T8 1m) 2 14 R0 28 — FH R £ — T 6 (polyethylene glycol terephthalate,
PET) #ERI L. BERKE, HWH T E8cn BKEAMRE, WEABEKEIETRITREKE
5x10-3 g/(m2d); (4) WitHHBE T AREHE. AMEB RS, Wl T RBHENMANRE. A2
HWIRAZ B S E%.

D27-24
BB SR T R B R AL B
fif] 37 >
RO
LA SR 0 PR SEAAB T K B 8 Th RE A0 2 RS W SR BB A SRR X, M BT BT 22 4R REAT
Z INREVER A SRR AR A, SR SR IR . B R R A SR R e, BAl
FEHAEIINATE L R B X0 WA SETT T HEAT TIRAIRER - $ 2 IR TR 2 SREmes v ST 17
JEAT SRR R T Y P S A B UM e o P S AR mT B M R J 1 A s AL 22 i M B oK BRI 3%, SR B 17
I8 25 oK FRUBE B vk P mT A A S R S AR A MR i s PR T A8 s UG T SR O %)
R FH L AT 6 IR A 7 A2 0 v i 1 T R S OK RUBE ™ A 20 P8 v R P HL P 3 ) P S S mT B 1
BAEE N S B SR AR A UL Rt s D RE AR L ) I 2 a0 . S AN =3 LSS, b — DIl s
AE 1A 58 4 B HC B SR Xk p 828 31 n 15 0% DLRARE (1 5 2 B8
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D27-25
i ERIERHEAL 2B B TR E
ER7
TR AR R

R AT SR I v R B A AR R BT AR AT ER AL AR, GBX T3 7 1 AR AR
HEAL AN, Dy SEEU A SR PR RS G R L 1 IR BT S R R AR [1] . 2 TR — B, BADF
KT PR AR, AR 2 B8 RIS TR SO E S BOR, SEEUE I ROR RUBE L6 A 280 — 4 fi i
(2 AT R P 2 A, RS 22 P 5 ) B 4 S % [2,3] 0 E— 0, G ks HER I 5 )5 B4 PE T
2, BATERIIR 7 BA A A 2 DR PRI = i SR R B A o I i ST R R B N—i
W PEA L, FRATIRIGAIE 1 X3k e iy B 8 SCANOK G54 A 2 AT BR A JE S BIORS Whf4584 FR P AT 1

D27-26
A 53 F i R R R A K
b e
A PNES
NIVERERE I B 5 ARAE S B O BEE s R TR S B B ST e R T 8 4R KAR S R 0 B,

BN SR LS. ERARET . MXene S5 4EADRIIE SR KOG RN B 1E v F T IR e, TTH
Tlilis A T e B A E B A D, AEADRL IR AR A S O R RIR . ARSCRI AT
55071507 0 AR TR A KT T RAMET T, IR T R E. (1) A RIGIELLIER LW
BHEAEKN T TR DB SRS R EGWRE] 1. BRI RS 2], i 2= SAH DU 40 2%
B SRR SRR A B (2) SR T TR SRR S B R B, R T AN I S
(RO, A BT 0 JE R R ST (A B R Ak ES . (3) B AR AR S AT RIAE ELAE F A A X R UG AL ,
FIFEE— M RN T PES SRR KA E, $em T RIS, AT SRR
Wi, AIH L (GEFED B —EH BUEHAEE M &7 ACS Nano. Adv Energy Lett. InfoMat (4) Fl
Nano-Micro Lett (2) AT L RR T 46 RS, BON4EMBERKRMES S, HEshIR ER B SR K
J AR R o

D27-27
ook [ 5 B i < JR VR R T P ) - 5 0 SRR AN EAE K
BT >
LB SR TR

Cu(LLL) 5t B DR ELAIE S ) PR AR P 5 3R TP 8 L, ) 2 DO R A SR 55 AR S M E AR 1Y
ARSI . FESEIERE b, a0 G B SR A A 5 < (L1L) B AR B, mT DA — 89 e — 4R R AE KA
JRARZR, IFA SN A M R RRRORS HE A% . A 78 LU A i it BN AT IR, KB T — R 51 4~8 4t
SPLOEPTEE BAREE Cu(LLL)F SR IR E R A B S e ER . KIT ERMIR, JRE S E T
R, FATSEIL 7 R S SO R SR R AL s ORI RN E AR R S b R %,
BT 5T A A SR O TR RLE L

D27-28
Super graphene-skinned material: From epitaxial growth to property calculations
Xiucai Sun',Zhongfan Liu*"?
1. Beijing Graphene Institute (BGI)
2. Peking University

As a new member of graphene materials family, super graphene-skinned material is a type of graphene
composite materials made by directly depositing continuous graphene layers on traditional materials via chemical
vapor deposition (CVD) process. By growing high-performance graphene “skin”, the traditional materials are
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given new functionalities. The atomically thin graphene hitches a ride on the traditional material carriers to market.
The experimental progress has been driven by theoretical insights. Using methods such as first-principles
calculations, molecular dynamics, and high-throughput machine learning, we have conducted in-depth research on
the key issues of graphene-skinned materials, from growth to applications. Based on the gas-phase and surface
reaction mechanisms in CVD graphene growth, we have established a theoretical framework for the growth of
graphene on both metallic and non-metallic materials. By investigating the oxidation resistance, water and oxygen
barrier properties, and thermal conductivity of graphene, we have opened new avenues for the practical
application of continuous graphene films, providing fresh momentum for the accelerated industrialization of
graphene materials.

D27-29
FIHESEMBHE: REBFIREH#UAEKA RIFPVETI
IMRFT TEAA, xlEE*
Jb 5 ST 7T Bt

SndE & B RME N A BG5S AE S B B S B B SRR, AR A 12 K ThiEE
OREE, FERLTAUR . HTReR S U R I T T (R AT . s A2 ST (CVDD fEE& B AR
FEEBAKA SRR, AN T R TR &GRS B R T

EAES R AT IR EA KA ST, @A S HAE R . SR, Bl I SEIR R A SR EA R R4
B LRAERAT AR, E8adEERmaR L, RBEINH TR MT &R R, 15
F BB m R AEK R E.

A TAEFE T EZ B (DFT) W7 T a-Al203 Al y-Al203 25k 4 @ AR E A 8a A KALEE, M
BRI AR WISERIER . A SIE Az 5L G AKX A BEE KRR B R, HRTA
[ 2 TN A S A KO R s . 45 R B, AT AU, a-AI203 1 y-Al203 i F ik 1R RE 22
I ANEREEE B R B, I AT DUIEB] a-Al203 Fl y-Al203 5 — @ BIMEALRE J1[1]: ST ARRRRIE, 48
AL e DA, 0HF Tk E# WL CH4 BJE, y-Al203 HA5 SR LRE 1, mixtT C2H4. C2H2
FI C3H8 &5 H A H HARIR, a-Al203 MIEAVERETELF, Bl 2R Re 22 TEAK[2)s TS TAH [F A R 5
Toib ZAE a-Al203, iE 2 y-Al203 1 I, C3H8 &5 =i filk i A KA 224 1 1 FE AR BT~ C2H4 S5 XUkl »
X5 500 45 W —5[3].

D27-30
B LE e e AN EAR Y S
A >
e
ZLAME SR (40 HgCdTe. InGaAs. Rl mt&%) EEPIZE T, 22 imill. S5, HEik

N 7% Ta) 30 A AR At FL AT B K S o L B iy PR PR O A ek vy R R AR i R g g, (HP K
W LT Ah 2 AR A7 2 R PR 5 R R e 75 ) B, RV AT AN 2% ] AR SR A, g 8 3ok A
18 GEENZDH , WREH TN . AR ESE T AR5 (PbS/PhSe) , HFRIEE
T EPERE LA A R T o 5 2 . et A A VR AR R RO TR AR R WU 2 R 51 1) ] 4 1) % [1-2]) s 1T 46
TN A G AE IR T SR RE B HLEI[3-7]. ZHLEISLEL T B IR CEFRME) « G B
(35 500 ghAD) , Eb G HACEARI 3% 5 B 57 PbS/PbSe BRI 28t = M E K. 46 =M R BT (R
MZ& D*=1.1x1010 cm Hz1/2 W-1@4.0 pm) 5 53 ERMIFEH (1.0-5.0 pm) , AW FEH2 H B9 TR G+
RRONE (R4 6 2 AR AE Z IR AR R ZL /MRS BB BOR USRS J7 o 3 — P A b S —
R (M0S2) B4 TEHIAGERS™ (CsPbBr3) £E%[8-11], 4> HI7E PbS/MoS2 il PbS/CsPbBr3 S Jii 44 i sz Hl 1
Ak 7y R v AR AL M 9 5 T RIS, XU B T SR A AR LD /MR 28 B SE IR
FEM AT ML AMRENH A .
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D27-31
“ BTSRRI 5
7 L
FiERGE R

R )R B (TMDCs) PRI DG MR B AR DG L 727 A3 F T 22 M 15 B R
FATEZ NG J1. ey RN 5 12 5 75 S RFANIT A a5 B R SR B At 22—
PATHGE —4Ef T S o7 A TG A AR R SRR U T R R G0 T o 1 2E 5 Seia A 17
XUy 2 3, o 1Al 2 B R L], SEEL T RE SR RS T REE R T R
TS A AR ST AR I, AL T A R AR T i I T 2, A TR AN L
W PEL: R T A SR R B BOR SEL T IS SOUAR RS AR I AT AL BRI A28 7 Bt L 4
TREAR T YERCT ) 1-11s Rydberg 1 2& LHRAEREANROR A5 0 R 2 il 42 T BOR 1 4k
FORHAAIAS R R, DA —ERPRH IO DD RERF IR, (b — 437 PR (KA AT AE N A IR

D27-32
“HERREMR =RAEEK. FETRABUTRE SR N A
L
Hh R (DO

AR G T RAE Y YA R = SRR A IR N U R T FUCR . e,
TEAHBI B SARDORE, AE c-Iil i S A 2R IR B B T s IR A S m R KRR = A = AL
AL, KRR B v BRI e A B 1 AR e IR . LR, RIS =S AR SR D A % T S,
T T B S = ARGl BT o XU AR AL BT, I b 1 IS AN AR 1 22 TR S A X
Wi 7 ) S 2 S o S S AR, SEEL 10U A R 0 TR SR AN AL, BRI R A SRR AN = S (R
o A s PR BRI 1Y DL S =S FE 5 B P R T 2 (AR S bAh, FATE sign R 7T
A RE A S TR BOT MR AT B A . X B A F S IR OTTE PR AN AP £
RUAE I TCRT S AL R AN A IRTEAL, ARG AR AT . SCBL Dm0 PR R, BERSIRIN 70 7%t 78
0 15 9K ¥ AN AR ARE] BE D 100 KK, JF PR ZR LA Fr SR BEAST I Fh RO A2 L

D27-33
AR TR LavO3/SrTiO3 HE R\ HE £ SRS 4R
XEM. FE. BB, Tk, S/
rh [ERE A Bt = e BRI T T

ILE & R EA Y RS R ) T4 TR (2DEG) LSRR TFAT N S A U R A 8, ONER
RETYSAHE BB mEEY & BAmA 7B ER LavOs/SrTiOs (LVO/STO) =45 7E
TE AT IE % ) S A R A% 7 T AR AE SR 2 . Ho—, SRR N A R LB IG, s shas
TR R S BRI R E 1 S A B A 1) S PR BEL s HE T, LI S AR AR S A T R A S R LA 1 A BT

A T IR R 45 Bk PO TR AR IR K4y R, 7E LVO/STO (001) Sl &l siciil 1 HptAH
ZIEZAM AR, R FEDRS X SR ATH SRS G RAE, B IR\R T 8= 55 VOe
N TR Jie 2 5 X R i 1 SR RO AE ECVE o SEBR R BH, IR 2640 N E AR LVO Hras 2 )\ T A i
(Glazer #: ab'c) FF T T WL ) Sk, 1 s 480 1A AR AR )\ TR AR e 2 0 1) - 850 2 A % 1) S o
o RN, EAEAHET AR TIRE (n~102 cm?) HIFLNH Rashba [ FEHUERL &8, 7 miRfREmE
K& F, LVO/STO E/RIERFLIE 30000 cm? Vs, ELHAD 4kl 75 (2DEG) MM RS 10 &
100 f5. dhobh, ASMANIEGR T 2DEG [T M, IEEEMA T SrTiOsHIZR SRR FIBERE LS 14 :  SITIOSTEIR
P AR ARG SR BEIT, AR NS — 37 7 AR B 22 W DU 7 AH A, T R e B s 5 5 R B A 1 S R PN 45
ERRIRI AR, B T RET g EEEET 4L, MR REE 90 K i, 4T4LA R TIRMERR, iR TR S
HLBE o R, X — I G i T W L)) ) e R L R A S B . X R B AR SR O R A
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FR&s o AR S LA O 7RI BLER, B 1R LR E ISR AR AR IR B S B S f A O
FBL IR R A el 1 20 (AN ) P e FEAE s . T M B 2 4R8P B8 T
Hehilho

D27-34
First principle study on the structural, optical and electronical properties of two dimensional 1n2Se3/SnSe2
heterstructure
Dahua Ren,Qingwei Wang,Weihua Deng,Liushun Wang,Zhangyang Zhou,Jingiao Yi*
Hubei Minzu University

In recent years, two-dimensional semiconductor materials have shown great application prospects in fields
such as nanoelectronics, optoelectronic devices, and energy conversion due to their unique electronical and optical
properties. The heterostructure formed by stacking different two-dimensional materials with weak van der Waals
(vdW) forces can break through the performance limitations of a single material, achieve precise control of band
engineering and interface effects, and provide broad space for the design of new functional devices. Therefore, the
study of van der Waals heterostructures in two-dimensional semiconductor materials has become one of the
current research hotspots. However, two-dimensional semiconductors In2Se3 and SnSe2 each have their
limitations. In2Se3 has a lower carrier mobility, while SnSe2's electrical properties are highly sensitive to
impurities and defects, making it difficult to precisely control its electrical properties. We can improve the
limitations of the two materials by constructing heterostructures. Therefore, first principles are used to study the
structural, electronical and optical properties of monolayer In2Se3, monolayer SnSe2, and
In2Se3/SnSe2 heterostructure based on VASP software.

Firstly, the structures of single-layer two-dimensional semiconductor materials In2Se3 and SnSe2 were
studied. The lattice constant of In2Se3is 4.096 A, and the lattice constant of SnSe2 is 3.842 A. Geometric
optimization was performed in VVASP software to calculate bandgap values, charge density, and optical properties.
The calculations showed that the band structure of the single-layer In2Se3 formed an indirect bandgap feature of
0.823 eV. Its light absorption and reflection have high response in the visible light range, therefore it has excellent
optical properties; The band structure of single-layer SnSe2 forms an indirect bandgap of 0.336 eV, which enables
it to effectively absorb photons of corresponding energy, generate electron hole pairs, and achieve light absorption
in the visible near-infrared region. Its light reflection has a strong emission peak in the near-infrared region.

Secondly, the calculation results of the In2Se3/SnSe2 heterostructure show that the lattice constant is 3.968
A and the bandgap value is 0.841 eV, which is an indirect bandgap. For heterostructures at the interlayer spacing
where the final energy value is most stable, exhibiting type Il band arrangement can promote carrier separation.
This spatial separation characteristic not only enhances the material's absorption efficiency of light, but also
promotes efficient transport of photo generated carriers. In addition, the In2Se3/SnSe2 heterostructure can absorb
light in the visible to ultraviolet wide spectrum, with excellent light absorption ability. This unique carrier
generation mechanism ensures that the heterostructure can maintain a high concentration of photo generated
carriers. Based on the excellent physical properties mentioned above, the In2Se3/SnSe2 van der Waals
heterostructure exhibits outstanding performance advantages in the field of optoelectronic functional devices,
providing reliable guarantees for its practical engineering applications.

This study not only reveals the potential applications of In2Se3/SnSe2 heterostructure in optoelectronic
devices and catalysis, but also provides theoretical references for its research.

D27-35
& JB/MoSiGeN4 Bl i) F7 T 1 R K285 > Tl
N S*
B R Tl ke
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AR, BTSSR 2T & R MoSi2N4 PR, JEBL Y kil T M R RS AL E
B30, dn AR BB ARG A 1] o 1X — TRAEHES)) T X MA2ZA BT R R (M = Mo, W, V, Nb, Ta, Ti, Zr, Hf
5% Cr; A=Sidk Ge; Z=N,P 3 As) FIIRAIFFC[2,3]. Janus MA2Z4 ¥4 FHA TR B 7 At #RiE, 4T
7 BHENFRIF I T B R, T a0 B B R RS ARE . o, MoSiGeN4 FLZEAE
BRI 4k Janus SRR EHA], IR 03 )% BREERIN LIRS E M, BT F A 5200 cm#Vis,
N HAE R TR T BRI T XSRS O ASRARTIAE . S RE LT 2R AR IR AR 4%

AR G5 A i RS S ) ik, IR MoSiGeN4 AR T, E& R
/MoSiGeN4 FLHISEIL T n 8RRk, p B RER Al DL n BUBRUS A 4] WFSERIL: 4 MoSiGeN4
FEfhm M Si-N ) % Ge-N M}, Cu/MoSiGeN4 (Au/MoSiGeN4) fHzfib2 I M n B4 14 4k fefl (p %Y
PSRl 35 ARy n RURRIREE A (n R 9 AR ) o Py A AR R S T A A 2 T ) e et 4B S Ge-N
N2 ik 5 100 1) 9 K BEZLET FLALSLSS T Si-N U, SE30 1 He b S R A 14 R 35 22 1 BE 1) 4% . 56T SISSO (Sure
Independence Screening and Sparsifying Operator) #L#55% J 18, % | 4 JB/MoSiGeN4 1 fil4h 14 (1) 14 Fr Jk
L2 R T o A FEAMIE R T Janus Z5 14 7] A 8015 468 /IMoSiGeN4 4 i 45 14 1 1 15 L 45 22 5 B2
FEARTY, IO T LA 2] e T e A TN 14 R 34 22 s B R R A

D27-36
ZHRERY RREP IR T MBS FRE
i) i
BpERHE R

AR N TS 4 L B AR I R B A R ) o AR BB N E B AT A A e AR 1 BLSR A
W TR T I o AT TS A SIS AR THEUE B T B 4B LA A SR R R A
SRgEd, B TS AT AT R R A N Re R R, HRRASM AR Z . IR RER, 1
HA R LIRS 2 485800 5 BT 45 W1 BAPbl/BAMAPDsl o 7514, FLfiTH: S & Sz, 28
M, 246 5 g Horh— 2 A A HLE G Z BA B4 PEA I, RITE K BAPbI/PEA;MA Pl i, 2+
s G B L R A R B . R X IR R SRR 1 BLRRAT S, (R R R BT R
B, H PEA HUX BA STER—FBT UM 11 BUREAT 4540 . X FloBr I RE Wy S5 M AN T A X B, A
ML R B L R T8 RS . X AR AR 7 i 45 2 (R 3 Tt 58 2 it 1 s 2
DL, T ELO T ASRIE T A - TON LA R F 2 BB T B G

D27-37
HT B4 & Ge £ WSe, E B8 5 R 45 0% IR 52
L R T P
i) i T K 2
TS BRGNS (WSe2) B B AT, MR I BB 3 (~1.65 eV)FIHUIR
R e B A (~1.2 eV)HIMET, L5 =48 AR S-S R VEAE AR (vAW) 53 J5T 45 R 7E = 10 BE 1 98 D '
HLPR I AT R I BRI 77 SR1M, RAMESR IR 7 i & WSe2 2D-3D i &, SR
WZ . MR VUBRHEC S SUE MR X DL S (5] 0 S 1) A, 7™ A 240 1 e P o 82 AR g 7 Sk
o BeAbh, JRACRAC T Z, BARTEE R B, (2 WSe2 BRI R & St R A= B BOUN & A AL
R N(FE R GeSe BIF=4), B SR RS SR R, ME LS R . A SO0 P R T GeSi
PP ES 2 0 A TR SRR, S5 KSR X S AT S ATl A, ITE GeSilGe FSEURTAR. &
i WSe2 B 4K, HT I, SABOLESZIEAR, Mg M WSe2/GeSi/n-Ge 5 Jii4h 8>8 [
FICHARMES o SLIRLE R, %R RS8R SIl T A 532 F] 2200 nm 58 6k PRI,  BRAR R 74k 1,
KR T2 A3 2 ZdWH] . £ 1550 nm JEBSEHL T 1012 Jones B ELERMIZR . 641, HHT WSe2
PR 2% ) Sk, 1% SR A IR 2L AR B (SWIR)IE R B 1 s 0 e s AG A i MR e AR OGRS I BE o, 1%t
FNRAL ] 45 2D-3D SWIR S HERIZR AL T A8 i) BRI R % 4%
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D27-38
FT AR A BRI R A AR
AW, E2EoCx, w, WAk
[ [ N
T I B R ARG SR SR AR SRR AE AR BRAS KRB )3k B S Mk v 28 A U T s R o R 24 T
SRR RS A A S R, (RS AR S T AR AR I BRI A AT T I R, B AR T
YEM BRI R FEAS R S TR IR o AR FL R T — PP A ENIRI S PE 2 D Re A 28 1 £ 120, TRk S M
FH e 5 R P A 1 B8 - SR T MR R 20 B, st B it — BT RME K-S A BEAR R Th IR 3 B8 539 50 4y
B SCEER A AR KIE 7 o 1% B BRI TR INFUARG & 7 A% O AR S, vl — 0] £ 2 Fh i fsoe e 4 phkl 25
K (i MoS;, MoTep, WS,, WSe;, WTe,, SnSe 25) . Firibill & st /K BEAE oM JE I B AI0TRY, ARHE 4k
SRKMBHOAR S PETT, PRI ST B AL A . A B e i . oM AR IR B 2 . R IE S — 4
PR B 28 A A i, 23 s T B AR

D27-39
HESHTRE KRR RS BAIFRA S
FET >
Hh E R B AL A ST

THERAENESE (MOFs) T 1] 4 (1 Bk HE-To LA A0 AL 2546 o n] 1 ) M e R il SE A Al BT 5
TR FL S 2 —. 58k MOFs A tL, H 2B LE R 7R 4k MOFs JE JLH PudiA& i . ShRe 2k
faria AR e LU R R R VS TR S S AT, ESUR D B . o ARG (AL AR SR 25 8 F PR N B BRI
PR BoR T BRI N B . A SRR A —4E MOFs J& Lk Joi AN P T R et . 4R, 1T MOFs
Hep AR A M RN SR I 2 RIA BEAER, KRS TP ) MOFs B it (1)l & A R K IPkik . f
AP (CVD) J7ide il & B 4R T 52000, (H2 T RCAR > K. MOF-CVD J 3%
TR AREE SN A2 RS Sy 2210, 24 RTAE S CVD 7y AT ME DA 28 IR 2% J5 FE 1) — 4 MOFs H1

B R T —FH 1 MOF-CVD J5ik—H R B CVD (SCA-CVD) J7ik, EIRFIH CVD Jiksk
BT RS HUZ MOFs HL g il £ o B A AR AR e oA 2 1 BEOH IR B B2, #E MOF-CVD A Kl 2
HSIN T LR B AR, A& T RGN A A K IAEE; GRS RSO T T A IRk 4TI
P HOEEAIT AR, SR 1 S A SRR, IR 7 ORRGT HUZ MOFs Sdn i) m i s AR K. il %
THERER CRIFBEME) )R, HERRR SRR 62 pm; 3F 5 BT BB A 20 T 0 B R AR
B T RAS BB R A/ MOFs B 3 B S bRl & . R 4h, X SCA-CVD J7 ik BA B 1) id 1
e, D SEEl 7 ARG HLEC AR AN 4 8 B 1 A ) —4E MOFs 5 & 1 il 4%, 38 AT DLEE 2 FhoAS [ 8 AL
AR, HEEHAM MR EEAK. T, ER2E MoS, R HEAEK THHE MOFs .4,
ST EA 4k MOFs/H.)Z MoS, @B ufEe s fish. SR s T MOFs M EHARE B 1N A2
MoS; It/ R, H B4R MOFs B . 5L IRRE s T f K PR B Hb R 4% MOFs A RHEE A T 18808
BASEEL T DU, R R AR EERE . X Rl SCA-CVD J7 i ARS8 7 123 L e i ) 45 LT 2 5
FERIBRIE 73 FHESAP R AL T — Rl & OS2 TARYE S THEJEMA RLE 8545 HH (1 48 R N o

D27-40
R RS R S AR
FREE*
TR
AR A R R T R, RO ARGR A TR TR SRR, oy Yk
o SC8 EAUESE VIR A R R, PRI R 1K e REAT A AR LT S R L, I EERAEARL
FBHAMRAEY B S U5 R 2 R0 . (E2 W 7 3 o B 45 5 AL i 1, B A AT
IRBR A 2 i AL, XA A & BT LI PR R vy e 3 85 . BRATTR AR 53 — SRR A e 15 A
EMEREEIT . AR B=ATAE, 70 nld@ s s R . SRR S DGR RN, ok
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XSGR B A 2 R B S5 A T RS 2 A

D27-41
JaAEHE R o B3 T R ) R SRR
e A >
TR EERL A S BOR B

PR T AR I ST BORs L s R E RS S AE kS, FESCBLE T B eI AR A 0 Uy T s B
KIS0 RAEJUHAERNAT— EAESS JISELZ Al 2 DhaedE, (HAESIR T RN ORFF R4 10 SR PR Ak i
PES S — T KRBk [1]. UTEERABUN —4EuiEtEpiAR (1 Crig [2] A CrSBr [3]) RIRE HI7y I i) Ha iy
s M A RS Gk, RIS E, EERIERE (To) PHKT 160 K. f4iHiMH T4k (DMSs) %
TR AR AR [T B AL LB 2, Sl BRI T S ftt 7B AR T 5o SR, 3o vk P B
VB AEH 2% DMS TR REREM )L em?V's™ BBR B M E AT PE[S]. PRI, B T,
e T 5% HEMMG K R 320 45 S B~ AR IR ) S R BRI AT SR AN T S SR, ARV VE AR e R b i)
BN L GRS T DR/, R ARE & SRR AR B N R 5 [6] . R (BP)2 — Fh AT Al
FrOU B B3R, g ri i, QIR R SRAOKRI B R m H eSS Ak
PALGE G B (Coy B 25 ™ AR R I [7] 58, X LU PEAE BP BONRENE SR 14 2 (1 — MR 5| ) s AR
DIAE DR B FL A - A P P [R] e S DA v) 3 ) == iR i Ve SR it TR B L& .

FEBE,  FRATIA SR 725 (A R RN T B AL E 9 Bbe ks Co Rl @ id i BB AR BP
LR Co-BP, T bttt TR FIaE B 45 M1 Co-BP # 4 3F RGN 7 7 Hulimiskert. 1R mas k.
FATTULEE 2 7 W w8 0 5 2R RS (AHE) AT N REREL(MIR), - [RIINF OREF 17 X008 R iz Ao AR A v B 13
B (4 1000 cm?V7s™h) s TESR LA PR, FRATHLER B T oo A S 0 100 i B 35 ) U 0 % 2 R PEL(TMIR) o
XL 45 RILFR Y] Co B8 BP Hh7 A T =R KAEWLY . Co-BP ARG A7 IR REVERT - 3R 1 (&
BRI R SEGHIER R PR R R . T BP FTRIL 22 ThRENE . BUK M B s
SR P8 DA S AE R R A: SRR il T EAS 0 3 e [ 8], FRATTH A 9k Co-BP 1E Mk A~E AT T A
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Residue-free wafer-scale direct imprinting of two-dimensional materials
Zhiwei Li,Weibo Gao*
Nanyang Technological University -Singapore

Two-dimensional (2D) semiconductors hold great potential for next-generation electronics in extending
Moore’s law beyond silicon. However, despite pioneering advances in proof-of-concept device demonstration and
wafer-scale crystal synthesis, its industrialization will be hampered by the lack of a compatible residue-free
patterning technology. To overcome this limitation, we demonstrate a facile metal-stamp imprinting method for
patterning 2D film into wafer-scale arrays of intrinsic quality. The three-dimensional (3D) morphology of
metal-stamp forms a local contact at stamp-2D interface, ensuring that the 2D material could be selectively
exfoliated and leaving 2D arrays on grown substrate. Furthermore, detailed microscopy and spectroscopy
characterizations are conducted to confirm their clean surface and undamaged crystal structure. A statistical
analysis of the 100 back-gated transistors and 500 top-gated logic circuits shows a marked improvement in device
uniformity (20 times lower variation of threshold voltage) than traditional method, and a device yield of 97.6% on
2-inch wafer. This work achieves a residue-free, time-saving, and widely applicable patterning technique for 2D
materials and lays the foundation for the future integration of 2D electronics in industry.
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Symmetry breaking in low-dimensional materials often determines their novel physical properties and
application potential. Through design and synthesis strategies based on symmetry-breaking engineering, it is
possible to precisely tune the crystal and electronic band structures of low-dimensional materials at the atomic or
molecular scale. This capability enables the enhancement or induction of functionalities such as ferroelectricity,
nonlinear optical responses, and quantum light emission. In this study, | utilized a downscaling approach to
symmetry breaking for the design, synthesis, and property investigations of low-dimensional materials. A series of
non-centrosymmetric low-dimensional crystals were successfully fabricated, and their second-harmonic
generation, ferroelectric behavior, and related phenomena under symmetry breaking were systematically
examined. These findings offer a novel material platform and design strategy for high-performance optoelectronic
devices and the next generation of quantum technologies.
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Graphene/Polymethyl Methacrylate Heterostructure-gated Flexible Organic Light-Emitting Transistors
Shuangdeng Yuan,Dingdong Zhang,Jinghong Du,Wencai Ren*
Institute of Metal Research, Chinese Academy of Sciences

Organic light-emitting transistors (OLETS) are possibly the smallest integrated optoelectronic devices, which
have great potential for next-generation wearable intelligent display technology. A flexible and transparent
gate/dielectric heterostructure is basically required for gate modulation of luminescence. Here, large-area
graphene/Polymethyl Methacrylate (PMMA) heterostructure film is produced by a centrifugal casting (CC) and
ozone treatment strategy. The CC process enables the film to be highly uniform with coefficients of variation (CV)
of 2.66%, 0.52%, 0.61%, and 0.104% for PMMA thickness, sheet resistance, optical transmittance@550 nm
wavelength and dielectric constant, respectively, which are significantly superior to those prepared by
commonly-used spin coating method. The ozone treatment effectively reduces the surface roughness and improves
the surface compatibility, facilitating the deposition of organic emissive channel layer with high
photoluminescence intensity. On this basis, flexible graphene/Oz-PMMA heterostructure-gated single-layer OLET
is demonstrated with effective gate modulation of luminescence. Maximum external quantum efficiency (EQEwax)
of 7.53% and maximum luminance of more than 20,000 cd m 2 reach on par with the best rigid devices of the
same planar structure. Moreover, the performance of OLET devices is highly consistent with a CV of EQEyax of
only 2.5%, laying the foundation for future large-scale practical applications. The study provides an ideal
gate/dielectric platform for production of flexible integrated optoelectronic devices.

D27-54
Point defects in monolayer WSi2N4 and MoSi2N4
Jinmeng Tong,Yu Cao,Zhibo Liu,Wencai Ren*
institute of metal research

Point defects play a pivotal role in governing material properties, particularly in atomically thin 2D systems,
where the influence is dramatically enhanced due to reduced dimensionality. The MoSi2N4 family is a newly
emerging class of van der Waals layered 2D materials with exceptional electronic, optical, thermal, mechanical,
magnetic, and ferroelectric properties, but the atomic-scale characteristics of intrinsic defects and their impact on
material properties remain unexplored experimentally. Here, through combined atomic-resolution scanning
transmission electron microscopy (STEM) and first-principles calculations, we systematically characterize point
defects in semiconducting monolayer WSi2N4 and MoSi2N4—prototypical members of this material family. Our
atomic-scale imaging identifies ten distinct defect types, including vacancies and antisite substitutions, with three
dominant configurations exhibiting high abundance: Si-for-top-N antisites (SiN(t)), double-middle-N divacancies
(VN(m)2), and double-top-N divacancies (VN(t)2). Using monolayer WSi2N4 as a model system, we demonstrate
that these defects induce substantial bandgap reduction, in some cases causing even complete gap closure enabling
insulator-to-metal transitions, while certain configurations generate spin-polarized bands with localized magnetic
moments. Intriguingly, in monolayer MoSi2N4, we observe two low-dimensional defect superstructures,
including 2D SiN(t) networks and 1D double-Si-for-Mo antisite (Si2Mo) chains formed from defect
self-organization. These findings not only establish a fundamental defect-property relationship for monolayer
WSi2N4 and MoSi2N4 but also provide critical insights into defect-driven engineering of electronic structure,
magnetic states, and quantum phenomena in such 2D semiconductors.
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[1] Zeng, Z., Tian, Z., Wang, Y. et al. Dual polarization-enabled ultrafast bulk photovoltaic response in van der
Waals heterostructures. Nat. Commun. 15, 5355 (2024).

[2] Wang, Y., Zeng, Z., Tian, Z. et al. Sliding Ferroelectricity Induced Ultrafast Switchable Photovoltaic Response
in e-InSe Layers. Adv. Mater. n/a, 2410696 (2024).
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Machine learning-based carbon source screening for CVD graphene growth
Weizhi Wang',debo hao xiucai sun**,zhongfan liu*?
1. Beijing Graphene Institute
2. Peking University

The judicious selection of carbon sources plays a pivotal role in accelerating graphene synthesis across
diverse chemical vapor deposition (CVD) scenarios, including static, roll to roll, and fluidized-bed systems, have
distinct carbon source requirements. For example, in fluidized bed systems, traditional carbon sources fail to meet
the needs due to their slow decomposition rate, leading to poor graphene quality and low production efficiency. To
address this, this study proposes an efficient carbon source screening method based on machine learning.
First-principles calculations were used to automatically compute the energies and electronic information of 5000
carbon sources and their relevant intermediate states, which provided the reaction directions and thermodynamic
criteria for the decomposition polymerization reactions. The Monte Carlo method was then applied to simulate the
reaction process of carbon source molecules, predicting the distribution and chemical potential of different
intermediate species. A graph neural network model was trained using the obtained data to predict the
intermediate state distribution and chemical potential after carbon source molecule decomposition. This model
was used to identify carbon sources that best match the specific CVD system. The proposed method provides
strong theoretical support for experimental work and significantly improves the efficiency and accuracy of carbon
source screening.
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D27-67
Reversible Diode with Tunable Band Alignment for Photoelectricity-Induced Artificial Synapse
Xue Shen,Chi Zhang,Jing Ning*
Xidian University

The advent of big data era has put forward higher requirements for electronic nanodevices that have low
energy consumption for their application in analog computing with memory and logic circuit to address attendant
energy efficiency issues. Here, a miniaturized diode with a reversible switching state based on N-n MoS2
homojunction used a bandgap renormalization effect through the band alignment type regulated by both dielectric
and polarization, controllably switched between type-I and type-Il, which can be simulated as artificial synapse
for sensing memory processing because of its rectification, nonvolatile characteristic and high optical
responsiveness. The device demonstrates a rectification ratio of 103. When served as memory retention time, it
can attain at least 7000 s. For the synapse simulation, it has an ultralow-level energy consumption because of the
pA-level operation current with 5 pJ for long-term potentiation and 7.8 fJ for long-term depression. Furthermore,
the paired pulse facilitation index reaches up to 230%, and it realizes the function of optical storage that can be
applied to simulate visual cells.

D27-68
Polyimide passivation-enabled high-work function graphene transparent electrode for organic
light-emitting diodes with enhanced reliability
Rui Liu,Yu Liu,Dingdong Zhang,Jinhong Du,Wencai Ren*
Institute of Metal Research Chinese Academy of Sciences
Chemical vapor deposition (CVD)-gown graphene has tremendous potential asa transparent electrode for the

next generation of flexible optoelectronics suchas organic light-emitting diodes (OLEDs). A semiconductor
coating is criticalto improve the work function but usually makes graphene rougher and moreconductive, which
increases leakage, and then significantly restrict device effi-ciency improvement and worsens reliability. Here an
insulating polyimidebearing carbazole-substituted triphenylamine units and bis(trifluoromethyl)phenyl groups
(CzTPA PI/2CF 3) with high thermal stability is synthesized topassivate graphene. The similar surface free energy
allows the uniform coatingof CzTPA PI/2CF 3/N-methylpyrrolidone on graphene. Despite of a slightdecrease in
conductivity, CzTPA PI/2CF 3 passivation enables a substantialreduction in surface roughness and improvement
in work function. By usingsuch CzTPA PI/2CF 3 -passivated graphene as anode, a flexible green OLED
isdemonstrated with a maximum current, power, and external quantum efficien-cies of 88.4 cd A_x0001_1, 115.7
Im W_x0001_1 , and 24.8%, respectively, which are amongthe best of the reported results. Moreover, the CzTPA
P1/2CF 3 passivationenhances the device reliability with extending half-life and reducing dispersioncoefficient of
efficiency. The study promotes the practical use of graphenetransparent electrodes for flexible optoelectronics.
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Phase Instability in van der Waals In2Se3 Determined by Surface Coordination
Shanru Yan*
Kunming Institute of Physics

van der Waals In2Se3has attracted significant attention for its room-temperature 2D
ferroelectricity/antiferroelectricity down to monolayer thickness. However, instability and potential degradation
pathway in 2D In2Se3 have not yet been adequately addressed. Using a combination of experimental and
theoretical approaches, we here unravel the phase instability in both a- and B’-In2Se3 originating from the
relatively unstable octahedral coordination. Together with the broken bonds at the edge steps, it leads to
moisture-facilitated oxidation of In2Se3 in air to form amorphous In2Se3—3x03x layers and Se hemisphere
particles. Both O2 and H20 are required for such surface oxidation, which can be further promoted by light
illumination. In addition, the self-passivation effect from the In2Se3—3x03x layer can effectively limit such
oxidation to only a few nanometer thickness. The achieved insight paves way for better understanding and
optimizing 2D In2Se3 performance for device applications.
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D27-P02
Controllable synthesis of transferrable ultrathin Bi2Ge(Si)O5 dielectric alloys with composition-tunable
high-k properties
Jiabiao Chen,Jinxiong Wu*
Nankai University
Two-dimensional (2D) alloys hold great promise to serve as important components of 2D transistors since

their properties allow continuous regulation by varying their compositions. However, previous studies are mainly
limited to the metallic/semiconducting ones as contact /channel materials, but very few are related to the
insulating dielectrics. Here, we use a facile one-step chemical vapor deposition (CVD) method to synthesize the
ultrathin Bi,SixGe;.xOs dielectric alloys, whose composition is tunable over the full range of x just by changing
the relative ratios of the GeO,/SiO, precursors. Moreover, their dielectric properties are highly
composition-tunable, showing a record high dielectric constant of >40 among CVD-grown 2D insulators. The
vertically grown nature of Bi,GeOs and Bi,SixGe;.xOs enables the polymer-free transfer and subsequent clean van
der Waals integration as the high-x encapsulation layer to enhance the mobility of 2D semiconductors. Besides,
the MoS2 transistors using Bi,SiyGe; xOs alloy as gate dielectrics exhibit a large lon/lof (>108), ideal subthreshold
swing (SS) of ~61 mV/decade, and a small gate hysteresis (~5 mV). Our work not only gives the very few
examples on controlled CVD growth of insulating dielectric alloys, but also expands the family of 2D
single-crystalline high-« dielectrics.
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Tombarthite half-metallic materials possess intrinsically large localized magnetic moments and strong

spin-orbit coupling, distinguishing them fundamentally from conventional Two-Dimensional (2D) materials
dominated by d-orbital magnetism. In this work, we systematically investigate the structural, electronic, magnetic,
and transport properties of the tombarthite two-dimensional ferromagnet GdGe2N4 (GGN) by employing
first-principles calculations in combination with the non-equilibrium Green’s function formalism. The results
reveal that monolayer GGN is dynamically stable, featuring robust out-of-plane magnetic anisotropy and a Curie
temperature of 215 K, and making it a compelling candidate for cryogenic spintronic applications. GGN exhibits
half-metallic half-metallic behavior, in which spin-down electrons dominate the conduction channel, leading to
highly efficient spin filtering. To exploit this property, we designed a tunnel magnetoresistive device using
MoSi2N4 as a tunnel barrier and demonstrated pronounced magnetoresistance under both electrical bias and
thermal gradient. Remarkably, the device achieves an ideal magnetoresistance response and a spin-filtering
efficiency reaching 100%. These findings position GGN as a promising rare-earth-based 2D material platform for
the development of electrically and thermally driven spintronic devices.
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D27-P10
Sacrifice-layer-free transfer of wafer-scale atomic-layer-deposited dielectrics and full-device stacks for
two-dimensional electronics
Yuyu He',Zunxian Lv',Zhaochao Liu',Mingjian Yang',Wei Ai* Jiabiao Chen®,Wanying Chen',Bing
Wang®, Xuewen Fu?,Feng Luo* Jinxiong Wu**
1. School of Materials Science and Engineering, Nankai University
2. School of Physics, Nankai University
Transfer printing techniques have enabled the fabrication of devices on soft or delicate substrates that are
incompatible with conventional manufacturing processes. However, the involved sacrifice-layer removal process
typically causes damage to the quality of device interfaces. Here, we develop a sacrifice-layer-free transfer
printing strategy by pre-depositing the device constituents onto commercially available mica substrates. The
intrinsic weak interfacial interaction enables the transfer of various pre-deposited device constituents at the wafer
scale, including well-known strongly adhesive dielectrics grown by atomic layer deposition (ALD). Moreover,
entire top-gated device stacks can be simultaneously transferred onto few-layer MoS, to form fully gated
two-dimensional (2D) transistors, showing an atomically sharp interface, negligible gate hysteresis (~5 mV) and
subthreshold swings near the thermionic limit. Importantly, the conformal growth of ALD dielectrics enables the
one-step fabrication of complex top-gated Hall devices with a fully encapsulated structure, allowing
multi-terminal gate-tunable transport measurements on fragile 2D materials, such as black phosphorus. Our work
not only enriches the transfer printing methodologies for difficult-to-transfer materials, but also provides a method
to investigate the properties of fragile 2D materials.

D27-P11
Catalytic mechanism towards CVD-grown wafer-size graphene on 4H-SiC (0001) and (000-1) using dimer
carbon sources
Zhiyu Jing,Xioanli Sun,Zhongfan Liu*
A6t S AT 7T b

In order to understand the process of direct graphene growth on the silicon carbide surface, this study
employed density functional theory to analyze its growth mechanism and verifies it experimentally, and draws the
following conclusions: (1) Acetylene and ethylene exhibit strong adsorption on both SiC (0001) and (000-1)
surfaces, with adsorption energies ranging from -5 eV to -2 eV. These energies enable effective adsorption and
subsequent dissociation of acetylene and ethylene on the SiC surface, catalyzing the formation of active carbon
species. Based on the cleavage energy barriers and the population of different carbon-active species of acetylene
and ethylene, it is tentatively confirmed that CHCH is the most probable main active species in the two
subsequent steps (nucleation and edge growth). (2) At low chemical potentials, CHCH exhibits a stronger
nucleation tendency on the (000-1) surface. In contrast, at higher chemical potentials, nucleation is more favorable
on the (0001) surface. (3) The experimental results show that acetylene provides a more efficient carbon source
and significantly accelerates the graphene growth; graphene has fewer defects in the conformal growth on the Si
surface and more defects on the C surface.
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D27-P14
Machine learning-based carbon source screening for graphene growth in CVD systems
Weizhi Wang',debo hao® xiucai sun**,zhongfan liu*?
1. Beijing Graphene Institute
2. Peking University

The judicious selection of carbon sources plays a pivotal role in accelerating graphene synthesis across
diverse chemical vapor deposition (CVD) scenarios, including static, roll to roll, and fluidized-bed systems, have
distinct carbon source requirements. For example, in fluidized bed systems, traditional carbon sources fail to meet
the needs due to their slow decomposition rate, leading to poor graphene quality and low production efficiency. To
address this, this study proposes an efficient carbon source screening method based on machine learning.
First-principles calculations were used to automatically compute the energies and electronic information of 5000
carbon sources and their relevant intermediate states, which provided the reaction directions and thermodynamic
criteria for the decomposition polymerization reactions. The Monte Carlo method was then applied to simulate the
reaction process of carbon source molecules, predicting the distribution and chemical potential of different
intermediate species. A graph neural network model was trained using the obtained data to predict the
intermediate state distribution and chemical potential after carbon source molecule decomposition. This model
was used to identify carbon sources that best match the specific CVD system. The proposed method provides
strong theoretical support for experimental work and significantly improves the efficiency and accuracy of carbon
source screening.
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D27-P19
Monolayer Short-Channel Transistors Defined by Nonmetallic van der Waals Contact
Xinjie Hou*
Wuhan University

Two-dimensional (2D) semiconductors have excellent immunity to short-channel effects and are therefore
promising for ultra-scaled field-effect transistors. However, ultra-scaled transistors necessitate simultaneous
minimization of the channel length and contact resistance, which is a significant challenge for atomically thin 2D
semiconductors. In this work, a facile angle evaporation technique is developed to fabricate ultrashort channel
monolayer 2D transistors with nonmetallic van der Waals (vdW) contacts. By precisely controlling the
evaporation angle and the thickness of the physical vapor deposition-grown nonmetallic PbTe, which owns
ultra-sharp edges due to its perfect and stable periodic crystal structure, the channel length of 2D transistors can be
controlled reproducibly. Moreover, due to the nonmetallic contact properties of PbTe, there are negligible
metal-induced gap states (MIGS) between PbTe and 2D semiconductors, thus almost no additional Fermi-level
pinning (FLP) at the heterostructure interface. The short-channel MoS; transistor with PbTe vdW contact exhibits
superior performance including the excellent ohmic contacts, near-Boltzmann-limit subthreshold swing, high
on/off current ratio (~10°%), and negligible drain-induced barrier lowering (~82 mV V%). In addition, the device can
also operate at low voltage of 0.01 V with a desirable on/off ratio of ~10%, providing a facile technique to fabricate
2D material-based low-power ultimate scaled transistors.

D27-P20
High separation coefficient metal mesh/graphene hydrogen isotope separation composite membrane
Yijie Guo,Hailin Peng*
Peking University

Graphene is an effective membrane for hydrogen isotope separation because a perfect single-layer graphene
is permeable to protons but impermeable to most other atoms and molecules. However, the cracks and defects
introduced during the transfer process of graphene-based composite membranes often reduce the separation
performance. In this work, a simple and effective method for transferring graphene to prepare separation
composite membranes was developed, achieving the preparation and characterization of high-quality graphene
composite membranes with a high proton-deuteron separation factor. By coating Nafion solution on graphene and
then combining it with a metal support mesh, the Nafion coating and the metal support mesh provide support and
protection for graphene, reducing its damage. The Nafion coating ensures the smooth transmission of protons
while blocking the interference of other particles. The metal support mesh, as a metal conductor, achieves better
contact with the electrode during hydrogen isotope separation. The proton-deuteron separation factor of this
graphene separation composite membrane is as high as 12.3, with an average of approximately 10.7. This
structure of the separation membrane enables the analysis of its integrity, structure, and other characteristics of the
separation membrane under near in-situ working conditions, which is conducive to exploring the structure-activity
relationship and mechanism of the proton transmembrane process and has great application prospects in the field
of hydrogen isotope separation.

D27-P21
Uniaxial Strain Engineering of Anisotropic Phonon in Few-Layer Violet Phosphorus with High Flexibility
for Polarized Sensitive Photodetector
Lianggiang Chen,xiaobo Li*
Xidian University
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The manifestation of mechanical phenomena in quantum materials at the macroscopic level is intricately
linked to pronounced electron-electron interactions within their lattices, a relationship that becomes especially
evident in low-dimensional materials. Violet phosphorous (VVP), a nascent 2D material distinguished by its unique
vertically aligned tubular structures, has garnered considerable attention owing to its layer-dependent electronic
bandgap, exceptional carrier mobility, and robust air stability. This study explores the phonon modes of few-layer
violet phosphorus (VP) through an experimental-theoretical approach, focusing on how uniaxial strain along
different directions modulates its Raman response. Density functional theory shows strain along the a- or b-axis is
mainly relieved through tube rotation, causing a pronounced anisotropic Raman response. Strain engineering
enhances VP's photoelectric performance, increasing responsivity by about 2500% and the anisotropic ratio from
2.26 to 3.38. This work confirms VP's superior stretchability and impact resistance and provides a foundation for
exploring its strain-induced anisotropic optoelectric properties.

D27-P22
Van der Waals Epitaxy Growth of 2D Single-Element Room-Temperature Ferromagnet
Xunguo Gong*
Wuhan University

2D single-element materials, which are pure and intrinsically homogeneous on the nanometer scale, can cut
the time-consuming material-optimization process and circumvent the impure phase, bringing about opportunities
to explore new physics and applications. Herein, for the first time, the synthesis of ultrathin cobalt
single-crystalline nanosheets with a sub-millimeter scale via van der Waals epitaxy is demonstrated. The thickness
can be as low as =6 nm. Theoretical calculations reveal their intrinsic ferromagnetic nature and epitaxial
mechanism: that is, the synergistic effect between van der Waals interactions and surface energy minimization
dominates the growth process. Cobalt nanosheets exhibit ultrahigh blocking temperatures above 710 K and
in-plane magnetic anisotropy. Electrical transport measurements further reveal that cobalt nanosheets have
significant magnetoresistance (MR) effect, and can realize a unique coexistence of positive MR and negative MR
under different magnetic field configurations, which can be attributed to the competition and cooperation effect
among ferromagnetic interaction, orbital scattering, and electronic correlation. These results provide a valuable
case for synthesizing 2D elementary metal crystals with pure phase and room-temperature ferromagnetism and
pave the way for investigating new physics and related applications in spintronics.
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Tunable Schottky barrier of WSSiN2/graphene heterostructure via external electric field

Libo Wang,xinguo ma*

Hubei University of Technology
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ABSTRACT:Mitigating the interfacial barrier to enhance the electrical transport properties of heterojunction
field-effect transistors (HTS) remains a formidable challenge. In this study, we employ first-principles
calculations to thoroughly investigate the modulation of Schottky barrier formation through the application of an
external electric field. Owing to the vertically asymmetric structure of WSSIN,, the Schottky contact at the
interfaces of graphene/N,WSSi and graphene/SWSIiN, heterojunctions transitions from p-type to n-type and
ultimately eventually into Ohmic contact under the influence of an external electric field. Predictably, the
maximum carrier concentration of graphene in the N,WSSi heterojunction is predicted to reach 2.95x10"* cm™
under an external electric field of -0.58 V, while that in the SWSiN, heterojunction reaches 2.52>10" cm™ under
an external electric field of +0.58 V. It is confirmed that the redistribution of interfacial charge density dictates the
height of the Schottky barrier and the type of contact. These findings highlight the potential of WSSiN,/graphene
heterojunctions for the development of high-sensitivity Schottky field-effect transistors.
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Schottky Barrier Modulation of Ga202CI2/Graphene Heterostructure via Electric Field

Jiagi Wang,Xinguo Ma*
Hubei University of Technology

Reducing the Schottky barrier and achieving ohmic contact present critical challenges for optimizing
heterostructure field-effect transistor and electronic device performance. Using first-principles calculations, we
examine the interfacial and electronic properties of the stable Ga,0,Cl,/graphene heterostructure. Notably, the
Ga,0,Cl,/GR heterostructure exhibits a low @, (0.242 eV) at equilibrium, which can be readily tuned to zero,
suggesting its potential for tunable Schottky nanodevices. The Schottky barrier height (SBH) of the Ga,0,Cl,/GR
heterostructure can be efficiently modulated via an external electric field, achieving a transition from n-type
Schottky to Ohmic contact at 0.1 VA electric field. Notably, the Schottky barrier height varies substantially
(0.263-0.338 eV) with the change of the external electric field per 0.1 VV A™, highlighting the high sensitivity of
Ga,0,Cl,/GR heterostructure. These results offer practical approaches for developing high-performance and
sensitive Ga202CI2/GR-based field-effect transistors.
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First-principles calculations of atomic geometry and relaxed structure of wurtzite AIN (001) surface

Yingtao Wu,Xinguo Ma*
hubei university of technology

Based on density functional theory and using the plane-wave ultra-soft pseudopotential method, this paper
systematically studies the atomic structure and relaxation behavior of the (001) surface of wurtzite aluminum
nitride (AIN). By constructing two types of surface models, namely Al-terminated and N-terminated, the total
energy of the system is calculated and compared to determine the more stable surface termination type. Further,
the variation law of surface energy with vacuum layer thickness and atomic layer number is analyzed, and
reasonable model parameters are screened to ensure the reliability of the calculation. The results show that the
Al-terminated surface is more stable in energy, and the surface atoms undergo significant relaxation, but no
surface reconstruction occurs. It is found that when the atomic layer number is 12 and the vacuum layer thickness
is 0.4 nm, the convergence degree of surface energy is less than 0.01 J/m2, the Al-N bond length changes
significantly after relaxation, and the outer electrons are transferred, and the structure tends to be stable.
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