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L% S DNA [RFE AL AR B AIBT Y], DAY 9h e LA ik DR B U) S50 1 B

FT 4 i T O B R R R A L B SR IR A
P AR
v [ R 27 Bt < J T 9 P
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18 2 I Bk .
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TR MR, SR B R L PR I LA D07 0 0 AT 5 £ P 8
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[1] H. Wong, H. lwai, Microelectron. Eng. 2015, 138, 57.

[2] Y. Y. lllarionov, A. G. Banshchikov, et al. Nat. Electron. 2019, 2, 230.
[3] C. Zhang, T. Tu, et al. Nat. Mater. 2023, 22, 832.
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PR PR B AR PR v . RTUR E RBRA RIAR XS 2 55 1) 5 A LA R T 4% 52 553 . NbOCI, HAT T
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WHR AR Y], NbOCI, 7206 AR 2 WU R AT B RIS A 7, A B IRTIFE. Mtk RE LT
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1. Huangmu Yang, Chen Wei, Siwei Luo*, Zongyu Huang; Ziyu Wang; Xiang Qi*. Raman
scattering evolution in temperature-induced ferroelectric phase transition of few-layer NbOCI,[J]. Applied
Physics Letters, 2024, 124(11).

2. Muyang Huang, Siwei Luo*, Hui Qiao, Bowen Yao, Zongyu Huang, Ziyu Wang, Qiaoliang
Bao*, Xiang Qi*. Ferroelectric polarization enhanced photodetector based on layered NbOCI,, Small
Science, 2024, 4(3): 2300246.
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AT BIE IR
Bose-Einstein condensation and lasing of low-dimensional semiconductor materials
Zheng Sun*!, Xingzhou Chen*,Qiaochu Wan? Yuanjun Guanl,Chengye Ding", Yuening Fan',Min Zhang" Di
Sun? David Snoke? Jian Wu
1. East China Normal University
2. University of Pittsburgh

Exciton-polaritons are unique quasiparticles formed by the interaction of excitons and optical modes,
offering promising applications in coherent light sources and optical control devices. Our presentation
focuses on the observation of Bose-Einstein condensation of upper polariton branch in a WS, monolayer
microcavity. As the condensation threshold is reached, we note a nonlinear increase in upper polariton
intensity, reduced linewidth, and enhanced temporal coherence, characteristic of the condensation
phenomenon. Through simulations, we determine the specific particle density range necessary for this
condensation based on excitonic properties and pumping conditions. This discovery opens avenues for
exploring condensate competition and its practical use in polaritonic lasers. Additionally, we explore the
potential of Van der Waals homostructures consisting of stacked WS, layers for enhancing optical
properties. Our experiments demonstrate ultra-low threshold laser emission from triple WS, layers
separated by hBN, indicating efficient laser operation possibilities with such structures.

F IR BRI & R HIRAR % B R ALBT 5T
LR KEM Y KR
1 MR, MRHSRRIESAR . B OB R S HEOR B, 22, 730000
2. HUINBE SR, BT SUENIRER, B, 117576
Zhangjunwei@Izu.edu.cn, c.zhang@nus.edu.sg
WP B -, R —BlE M PR MRS B RSt , AR S RS RS AT 1
BN B LT A e AE T AE S U 3R . [ WA I T AE SR IR e I BT LIk, AR LRI T 2
FEE R AT RL, BRI S & WL R DL N T AR R T X AR R
B AR SR e, IR AR R MRS SR 2 AR OCHE, XTI K e tERe . mliRE
FOREITRS B AR B R [FI, O SRR INTRS B NP T A0 SR TE A7 A SR B AR A R
AT EERN B ARG P2 1) L RAZ SR, IR i FL % B DL A S R AT . A 3
[l % = TSR FesGeTe, Al Fes GaTe” IX iR — 4k SR R IFRIT AL, i3 SR it F i
ARAERZER LG S BT BB RAT AR > S HEEE R, BETTHRDS 1 W — e RHA R S5 AL 5
Mo JATASETHfE HLR B RIS T8 T B A% TR SN M A B, i) 2% 1 &80 N RETE 1t
WAk W71 Fes GeTea #KE, Mk 1 Wi W 73 AR 2 5 2R S L A7 1) R, i o SE e At 58
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AT PR T ETH R T G AR RS 5~ < i B R ZE IR DN a5 AF T IR T 1 Hevs 70 i o
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G R FHEREAT BRI T NI A T FE R B, —4E MCIx J5 TR I H 58 A A T A0 1 [k
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[1] Li, Y.; Li, A.; Li, J.; Tian, H.; Zhang, Z.; Zhu, S.; Zhang, R.; Liu, S.; Cao, K.;* Kang, L.;* Li, Q.*
ACS Nano 2023, 17: 20112.
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Mo TR, BAWHTE TR EET R RARH SR AR AT, M —4ERPRERBE (BP) Bl
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MIFFCHRLL, I HILDIFER] DMICE " CEEH K (~40 1), i3k — 25 P R 7s12 fid t AAE W] DA SEEB0 W]
Fe HLATgn AR I RARAT Oy, LA RO kb fe st s IS RESM il AN i . AR Pic 12 9 [ i A A ik LAY
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[1] Nano Letters, 2023, 23, 14, 6752—-6759

[2] Advanced Functional Materials, 2022, 32, 2201276
[3] Advanced Functional Materials, 2022, 32, 2108014
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ETRAT BRI SRK K] 27 SR AL R AR
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[1] Song, X.; Gao, T.; Nie, Y.; Zhuang, J.; Sun, J.; Ma, D.; Shi, J.; Lin, Y.; Ding, F.; Zhang, Y.*; Liu,
Z*. Nano Lett. 2016, 16, 6109-6116.

[2] Song, X.; Wang, Y.; Zhao, F; Li, Q.; Ta, H. Q.; Rimmeli, M. H.; Tully, C. G.; Li, Z.; Yin, W. J.;
Yang, L.; Lee, K.-B.; Yang, J.; Bozkurt, I.; Liu, S.; Zhang, W.; Chhowalla, M.* Plasmon free surface
enhanced Raman spectroscopy using metallic 2D materials. ACS Nano 2019, 13, 8312-8319.

[3] Chen, L., Hu, K., Lu, M., Chen, Z., Chen, X., Zhou, T., Liu, X., Yin, W., Casiraghi, C., Song, X.*,
Adv. Mater., 2024, 2312621.
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ECRHIRERHE AR, il id 2 2 R Rl K07 sCT SR SR . — 4R R Rl T RA R B
TIPS TR A A R AR O SE S (D0 %S, B R BB AT St AEBET R T, A
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SRR AT SR G5 BT, SEBIL T A 4Rk i 10 B A R R SR R AT T RE
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8-bit. X7y M E AR RAAOIRES, JF 3 T IbseBl V0 B e ST ThRE. BT 4k
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SEL T T NS EMR EE R . =R BURSE — B ShE Bl L 45w pE AR RERUR T BE -

RAZTMA: Rk
Devices based on quasi two-dimensional Te and its Van der Waals heterostructures
Wei Gan,Yafei Yan,Liang Li,Minxin Li,Liang Li,Dun Wu,Hui Li*
Anhui University

Quasi two-dimensional elementary tellurium (Te) has attracted intensive attention due to its potential
applications in short-wave infarared (SWIR) photodetectors due to its narrow bandgap of 0.35 eV and high
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hole mobilities of about 700 cm2/Vs. Here, Te-based photodetector exhibits a peak responsivity of 51.85 A
W-1 at a 1550 nm wavelength, attributed to the efficient absorption of the phonons of 2D Te nanoflakes.
Besides, the rising and decay time of the Te photodetector is calculated to be ~19 ps and ~21 ps, thanks to
the rapid diffusion of charge carriers. However, the performance of photoconductive photodetectors based
on 2D semiconductors is hampered by large dark current. Then, a van der Waals heterostructure (vdWH)
composed of rhenium disulfide (ReS2) and tellurium (Te) is fabricated. The Te/ReS2 vdWH photodetector
achieves achieves a high specific detectivity of 10E11 Jones and a fast photoresponse speed of 11.9 ps. The
fast response of the Te/ReS2 vdWH based photodetectors most likely originate from several possible
scenarios, including the highly crystalline nature and relatively large thickness of Te and ReS2, and the
formation of built-in potential and van der Waals force at the heterostructure interfaces, which facilitates
the suppression of interactive scattering and enhancement of carrier mobility in the Te/ReS2 vdWH.

R HIM . BhiFR S
:ﬁ#%%%%ﬁ%%ﬁﬁiﬁﬁ%ﬁﬁﬁ
Je vy~
1. R KA b
2. IRIGE EFE LGS
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SR =R FIVE R AR 2 IR, AE YGRS R SO AT 5 T AR BRIk

Akt EENFRETIERILOP RN K, W52 530 BRI AR 2R e LR
WA B A A VAT R B2 R s, SRBL 1 3 ELOKCF 49K R i 3R K 5 KA =5 A
W, JFRETT T AR RS I B BB A S AR O Sk S B
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1. Yu Zhou et.al, Phase-controlled synthesis of large-area trigonal 2D Cr2S3 thin films via ultralow
gas-flow governed dynamic transport, Advanced Functional Materials 2024, 2404750.

2. Yu Zhou et.al, Synthesis of high resistive two-dimensional nonlayered Cr2S3 nanoflakes with
stable phosphorus dopants by chemical vapor deposition, Applied Physics Letters 2023, 122, 222101.

3. Yu Zhou et.al, “Role of the Spatial Distribution of Gas Flow for Tuning the Vertical/Planar Growth
of Nonlayered Two-Dimensional Nanoplates”, Crystal Growth & Design 2022, 22, 1, 763-771.

4. Yu Zhou et.al, “Spin Glass State in Chemical Vapor-Deposited Crystalline Cr2Se3 Nanosheets”,
Chemistry of Materials, 2021, 33, 10, 3851-3858.
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[2] Sun, Y.; Liu, J.; Dai, S. et al. ACS Cent. Sci. 2022, 8, 1081.

[3] Sun, Y.; Dai, S. et al. Adv. Sci. 2022, 9, 2104749.
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AT Bk
Coexistence of ferroelectricity and antiferroelectricity in 2D van der Waals multiferroic
Bo Peng*
University of Electronic Science and Technology of China

Multiferroic materials with a coexistence of ferroelectric and magnetic order have been intensively
pursued to achieve the mutual control of electric and magnetic properties toward energy-efficient memory
and logic devices. The breakthrough progress of 2D van der Waals magnet and ferroelectric encourages the
exploration of low dimensional multiferroics, which holds the promise to understand inscrutable
magnetoelectric coupling and invent advanced spintronic devices. However, confirming ferroelectricity
with optical techniques is challenging on 2D materials, particularly in conjunction with antiferromagnetic
orders in a single-layer multiferroic. The prerequisite of ferroelectric is the electrically switchable
spontaneous electric polarizations, which must be proven through reliable and direct electrical
measurements. Here we report the discovery of 2D vdW multiferroic with out-of-plane ferroelectric
polarization in trilayer Nil2 device, as revealed by scanning reflective magnetic circular dichroism
microscopy and ferroelectric hysteresis loop. The evolutions of between ferroelectric and antiferroelectric
phase have been unambiguously observed. Moreover, the magnetoelectric interaction is directly probed by
external electromagnetic field control of the multiferroic domains switching. This work opens up
opportunities for exploring new multiferroic orders and multiferroic physics at the limit of single or few
atomic layers, and for creating advanced magnetoelectronic devices.

AR, kiR
ET DNA @ & FVEEEM R AW R R H 2 T
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2. MR
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4. R EERIRE MRS — R
5. ERME R SR AT
6. A HEE K s =

DNA J&—Fi W BT, W IE R 8 A% 5 s 177 st H R By B 3T T B DNA 4R
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15



T E PR R 2 2024 5SmSR R & D27. —HERRLS B E

YUK TR . AR, SRR ORFI S, DNA 9K 12532 4 N b FEAR KRR EAV IR T2 4
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b5 KB AN TR RERR Bk, B TS RATHEE N HE 5 KRB — R B2 R
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L, FISUIZEHZR IR, RGP RE A A IhRE . 2%, WitIFam, BAMHEF-RET
SERIAE NN, Fh IR I E s TR, T = AR R E A . RE AT T
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HAKIE 10%s (et Hk, @i soBURIE, K D-A S5 1 HE 7 56 ] = 4 R L e p L
HEHB TR EEE, RIRER T HIEAN/N DT 4-(4-F AL R)-3-28 5L -2H-25 9 [1,8-bc] Pk iR
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FIRRAWHETIRR, NG, BRTHELZHAD, 3 HS 7 BA S K e FE b5
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RE AN Sl m] BAYE, R BFZA RIE FE M v 28 8 7= R SR 770 AT e ad ik 1 75 e 45 1 i U
FESRHA R BEAR AT R, Ak — 5 SR A 2 AT S 0 i M B2 B2 SR B8 1 7 A& A2

AT 113k4Rss
i y-InSe KIARALSEBL In2Se3 KFH AT
XEFE. B W5 & L. FEEBL. TIRIG. B, SEEGME*. BRI
A RIS K2

The polymorphic nature of In,Se; leads to excellent phase-dependent physical properties including
ferroelectricity, photoelectricity, and especially the intriguing phase change ability, making the precise
phase modulation of In,Se; of fundamental importance but very challenging. Here, the growth of
In,Se; with desired-phase is realized by temperature-controlled selenization of van der Waals layered bulk
v-InSe. Detailed results of Raman spectroscopy, scanning electron microscopy and state-of-the-art
spherical aberration-corrected transmission electron microscopy clearly and consistently show that
B-In,Ses, 3R o-In,Ses and 2H o-In,Se; can be perfectly obtained at ~270°C, ~300°C and ~600°C,
respectively. Further comprehensive atomic imaging analyses confirm that the seeding material, InSe,
plays a critical role in the low-temperature epitaxial growth of vdW-layered In,Ses, and, more interestingly,
B-In,Se; acts as an intermediate phase between 3R and 2H a-In,Se; transitions. Our investigation not only
provides a simple but versatile strategy for the phase modulation of In,Ses, but also sheds light on the
temperature-dependent phase evolution in In,Ses.

AR Lk
AgCrX2 (X=S, Se)H BRI BNAR ., £t R F R K
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17 B3 22 AR, PE eI A0 37 Bl AR (SR IR, AT A 2 g 5 RONE , A 458 FL RN AE
T RN AT IR IZ AR, HLES A BT IR AT R B R B XL RO 5 DAAE 38 14 55 2 1 RO AN ]
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ARV 240 28 I B B S i MRE VB R . SR, R R /K S i 2% — 4R R 7 TAE L
T35 . ASCHRGE T A KSR T AR K=K R 4 Py B 7 SRS . B SR AW e s i Ay T
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RASTRARTY: BiEIR S
Inorganic 2D material liquid crystals for deep UV light modulation
Bilu Liu*
Tsinghua Shenzhen International Graduate School

Liquid crystal (LC) is one of fundamental optical materials with their birefringence controllable by
external magnetic/electric stimulus. Modulators based on organic LCs have shown desired modulation
capability with an annual global market of >100 billion USS$, but with challenges of weak sensitivity,
material stability, toxicity, and limited light modulation range mainly in the visible to infrared regime. In
this talk, 1 will discuss our recent results of using inorganic 2D materials as LCs. Such inorganic 2D
material LCs possess extremely sensitive response to external magnetic or electric field, good stability, and
capability to tune deep UV light down to 260 nm which is not possible previously. In addition, such
inorganic 2D material LCs can be produced in large quantities with a low cost when start with natural
layered minerals.

R STMBRIY: BAE IR
oo (B 2% R s — AR AR LB
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JE B TR
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FIRMEA RGO o ERAE A S E S, BT AU R A KL, TR SE50 R 24 2
R YERMRE TR AR AN AT Bk . it AN REE T B 0 i —EAD RN E A K BRI 7T, IS
TR R B R -

(1) ST T A PR AR A B S Ao RSB — 2 s 2 — R (O BER Y, SRSEIRSEBL T a1
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(2) 7 T ZE AR EAMEAAC S R 050 5 AEAT R AR SR IR B, 3T R 1 5 S AR RELE 5
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KR M. B B, BN
East China Normal University
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SRS, R D TIRIARIERE R FE R ARG, 198 1 B AR ST P EE 1 = A
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*HE4H: hqy@szu.edu.cn
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[1] Q. Hao, J. Huang, and W. Zhang* et al, Adv. Funct. Mater. 2024, Doi: 10.1002/adfm.202316733.
[2] Q. Hao, P. Li, and W. Zhang* et al, J. Materiomics 2023, 9, 527.
[3] P. Li, Q. Hao*, and W. Zhang™ et al, Adv. Funct. Mater. 2022, 32, 2108261.
[4] Q. Hao, J. Liu, and W. Zhang* et al, ACS Nano 2020, 14, 11373.
[5] A. D. Oyedele, S. Z. Yang, and K. Xiao* et al, J. Am. Chem. Soc. 2017, 139, 14090.

AR kAR
B Y R A R SRR 5
EENDLE & N
e R TR

W A RACS Y T A R E BRSOV 2 DhREMAN AR IR B T AR AL . AR
M, HAMRMESEIUORRAT . mi s i) —4eflZ S b a5, L) 1 45 2 A S Eir
PRI BT T PRIt, Bt M &8 B — 4l 2 A SR A B T SEEIL 2 Ju A R A S R8T 23
PIERIER, N 4R 2 DhRea MR RON I SOE B A . BRATR AL SR UIBNESEIL 7 20 — 4 d 20 &
Yok, RSO, SR T YRR S VaSs. CuCrSe, 0K Fr (4, FFIRABITT
TR Y R S VIR BRSO LAEARGE A R U B R SR A T AT RE

RASTIER: PR
= Uit I R B R S W 2 S5 4k BT A
7]
Jbnts TR

T =i I SR B REAL AV (TMPCs) T H iz nl R B, FE M. [ R
PEAER VT SRR T T 2 B AR . SR, I 2 S AR YTAR VA (CVD) 4% il 22 Fh iy B A4 2 8] 1) 2
N, TSR EA PR BT, ARG TRt KLU, LSS TMPCs fymT#6 . B
RN EAFE: (1) 52T FePS;. FePSes. MnPS;. MnPSes. CdPS;. CdPSes. In,P3Se Fl SnPSs il

19



T E PR R 2 2024 5SmSR R & D27. —HERRLS B E

%, R EEEE . IS (SHG) A S A BE I TR I 3443 4% 3 /L AR (STEM) it — B4R L 1
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B AT B
Structural manipulation of active van der waals materials for on-chip optical communication
Yaqging Bie*
Sun Yat-sen University

Layered materials include graphene, molybdenum ditelluride, etc. has emerged as a promising
near-infrared material with notable optical activity, making it ideal for hybrid integration with silicon
photonics in optical communications. The polymorphic nature of van der Waals materials, suggests that its
optoelectronic properties can be finely adjusted through phase transitions and controlled stacking,
presenting a rich set of properties alongside challenges in robustness. Understanding the distinct phases
and lattice structure manipulation mechanisms is therefore essential.

Our studies explore two methods of lattice structure manipulation. In the first approach, we detail the
transition of monolayer MoTe2 from the 2H to the 1T’ phase, achieved using field-enhanced terahertz
pulses rather than visible light. This method limits structural damage by high energy photons thanks to the
lower energy of terahertz photons. In the second approach, we utilized the twist&stacking method and
prepared a series of MoTe2 homobilayers, twisted multilayer graphene with accurate controlled twist
angles, focusing on small-twist regions. We characterized these twist-stacked materials with
low-temperature photoluminescence, photothermal emission and absorption spectroscopy to optimize their
optical response near the infrared Il region and to track exciton emission evolution with increasing twist
angles. We also fabricated gate tunable devices based on twisted MoTe2 bilayers and twisted bilayer
graphene, offering insights into excitonic behaviors as a function of stacking orders. Our findings
contribute vital experimental understanding of phase transitions and excitonic dynamics in atomically thin
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semiconductors, paving the way for advanced on-chip optoelectronic applications.
References
[1] Nature Communications 14 (1), 5905, 2023
[2] Advanced Optical Materials 11 (17), 2300424, 2023
[3] Advanced Optical Materials 12 (5), 2301747,2024
[4] Nature Nanotechnology 12, 1124-1129, 2017
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As a room temperature two-dimensional (2D) van-der-Waals (vdW) ferroelectric semiconductor,
In,Se; maintains stable ferroelectricity at ultra-thin scales, exhibiting having the intriguing potential to the
next-generation of non-volatile ferroelectric memory. The ferroelectricity of 2D In,Se; is inextricably
linked to its phases. So far, paraelectric (), ferroelectric (o) and antiferroelectric (B') phases have been
found in 2D quintuple layers, therefore understanding the phase transition mechanism of In,Se; multiple
phases is the key to precisely tuning its properties at the nanoscale. In this study, In-situ irradiation of 2H
a-In2Se3 using an electron probe with a probe current of 68 pA reveals microscopic processes of interlayer
migration of In cations , furthermore, large-scale phase transition of 2H a-In,Se; is studied by using
atomic-scale in-situ heating transmission electron microscopy and in-situ Raman techniques, which
indicates the 2H a-In,Se; first undergoes phase change to uncovered 6H-phase in a layer-by-layer manner
at around 260 °C, with some [§ phase layers present at the phase boundary, and finally a new phase appears
with the holding time prolonged and still can stabilize after cooling down to the room temperature. We find
that the cation and vacancy migration and has a crucial role in the phase transition of In,Ses. Our results
provide detailed microscopic insights on the a-2H In,Se; phase transition kinetics and shows useful
guideline for defined phase control of In,Se; for unique properties modulation.
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(FvE: H RTAIR S B 78 S k1 i) Nature Communications (¢ 2R—iEi)) 1E Bk
oo WIAEH B AR VEM(E B : Chengjian He', Chuan Xu', Chen Chen', Jinmeng Tong, Tianya Zhou,
Su Sun, Zhibo Liu, Hui-Ming Cheng, Wencai Ren*. Unusually high thermal conductivity in suspended
monolayer MoSi,N,. Nature Communications accepted.)

RAMA: Rk
Density functional theory study on adsorption of L-cysteine by Y, Zr, Nb, Mo-doped graphenes
Huijuan Luo™** Lu Zhang? Zhijun Gong? Wenfei Wu? Shuang Xu?,Kai Zhang**,Hejun Li*
1. Suzhou University
2. Inner Mongolia University of Science and Technology
3. Northwestern Polytechnical University
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The adsorption properties of I-cysteine (L-cys) on [Kr] 4d,-4(Y-Mo) doped graphenes withsingle and
double vacancies are studied using density functional theory calculations withdispersion correction. The
results showed that Y, Zr, Nb and Mo doped single-vacancy anddouble-vacancy graphenes show chemical
adsorption characteristics towards L-cys. For therespective S, O and N-end adsorption, the binding
strengths of L-cys on XSVs decrease from Yto Nb, and then increase. The binding strengths of L-cys on
XDVs have no regular trend.Nb-doped graphene exhibits the most stable adsorption characteristics in the
[Kr] 4d,-, elementseries, which is independent of the vacancy type. Zr-doped single and double vacancy
graphenesensors have higher sensitivity than Y, Nb, Mo.
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3. LSRN REA RS SR T L

Intriguing “slidetronics” has been reported in van der Waals (vdW) layered non-centrosymmetric
materials and newly-emerging artificially-tuned twisted moiré superlattices, but correlative experiments
that spatially track the interlayer sliding dynamics at atomic-level remain elusive. Here, we address the
decisive challenge to in-situ trace the atomic-level interlayer sliding and the induced polarization reversal
in vdW-layered yttrium-doped y-InSe, step by step and atom by atom. We directly observe the real-time
interlayer sliding by a 1/3-unit cell along the armchair direction, corresponding to vertical polarization
reversal. The sliding driven only by low energetic electron-beam illumination suggests rather low
switching barriers. Additionally, we propose a new sliding mechanism that supports the observed reversal
pathway, i.e., two bilayer units slide towards each other simultaneously. Our insights into the polarization
reversal via the atomic-scale interlayer sliding provide a momentous initial progress for the ongoing and
future research on sliding ferroelectrics towards non-volatile storages or ferroelectric field-effect
transistors.
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RAMABA: Rk
Van der Waals Epitaxy of Pure Phase -Ga203 Films on Polycrystalline Diamond Substrates
Enabled by Graphene Interlayer
Zhichun Yang,Jing Ning*,jincheng zhang,yue hao
Xidian University

The self-heating effect in high-power devices has made epitaxial B-Ga203 films on high thermal
conductivity polycrystalline diamond substrates a primary focus for addressing the thermal management
challenges in next-generation semiconductor high-power devices. However, the significant lattice
mismatch between the polycrystalline substrate and the epitaxial layer results in nucleation difficulties,
posing a technical bottleneck in conventional heteroepitaxy. In this work, a monolayer graphene interlayer
was innovatively introduced, whose hexagonal honeycomb structure corresponds to the hexagonal crystal
system of B-Ga203. Using the mist chemical vapor deposition (Mist-CVD) method, we successfully
achieved van der Waals epitaxy of pure B-phase Ga203 films on polycrystalline diamond with a full width
at half maximum (FWHM) as low as 0.18° and an RMS of 6.71 nm. The XRD pattern reveals that
B-Ga203 preferentially grows along the (-201) plane, with an asymmetric hexagonal distribution of
oxygen atoms. This confirms the facilitative role of the graphene interlayer and van der Waals forces in
promoting film nucleation.

IRASTRARY: ki
Oxygen-Modulated Crystal Phase Transitions in e-Ga203 Films: Insights into a-&¢ Mixed Phase to ¢
Single Phase Evolution
Yufei Chen,Jing Ning*,Maoyang Xia,Jincheng Zhang,Yue Hao
Xidian University

The &-Ga,03, an orthorhombic phase of Ga,03 with spontaneous polarization, high lattice symmetry,
and peculiar ferroelectricity, has recently received much attention in the fields of storage devices and
power devices. However, due to the lack of high-quality hetero-epitaxial film for research, the conditions
of crystal phase transition still need to be addressed. Currently, €-Ga,Os thin films grown on c-sapphire
tend to be mixed-phase. However, the presence of mixed phases in these films leads to numerous defects
and poor quality, resulting in degraded device performance. In this paper, we propose the oxygen partial
pressure regulation to control the crystal phase transition, successfully achieving the transition from o-¢
mixed phase to single e-phase. e-Ga,0O3 hetero-epitaxial film was grown using Mist-CVD, and the RMS
and FWHM of XRD were 0.75 nm and 0.073 degrees, respectively, better than the international targets of
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9.023 nm and 0.2 degrees. Furthermore, we investigated how temperature regulates phase competition, as
well as the evolution process from nucleation to merging of &-Ga,0Oj thin films. This proposed regulation
principle of Ga,03 phase transition provides a new route to heterogeneous integration in the Post-Moore
era. Embracing the high-quality hetero-epitaxial films of g-Ga,03 represents a significant leap forward in
flexible electronics and filter applications, paving the way for high-power and deep-ultraviolet
optoelectronic devices.

RAATTRAY: Tkl
Unraveling Dominant Surface Terminations on BaSnO3 (001) Surface: A First-Principles Study
Yuling Li*,Yagin Wang, Yuxi Huang
Xihua University

BaSnO; thin films have attracted significant attention due to their exceptional properties for
optoelectronic applications, specifically the high electron mobility at room temperature. However, the
dominant surface terminations of these films, particularly their dependence on growth conditions and water
leaching, remain elusive. Here we studied the impacts of growth conditions and water leaching on the
dominant surface terminations of BaSnOs thin films by modelling oxygen vacancies and water adsorption
using first-principles calculations. Our calculations show that, in the BaSnO; model without oxygen
vacancies (corresponding to an oxygen-rich condition), the required cleavage energy to remove surface
SnO; (BaO-H,0) layer is lower than that required to remove BaO (SnO,-H,0) layer. This implies that
BaSnO; thin films subjected to O, annealing display a Ba-excess surface without H,O leaching, whereas
they have a Sn-excess surface with H,O leaching. In contrast, the calculated results for BaSnO3; model with
oxygen vacancies (corresponding to an oxygen-deficient condition) show that the required cleavage energy
to remove surface SnO, (SnO,-H,0) layer is less than that required to remove BaO (BaO-H,0) layer,
suggesting that BaSnO; thin films prepared under oxygen-deficient conditions should exhibit Ba-excess
surfaces regardless of H,O leaching. This study offers useful insights for achieving precise control over the
surface properties of BaSnO; films.

BRASTRAR: Dk AR
ZHERIEBER RS KT
T Mg
B A YR 5 TR B

HEKREE IR 2 Cr13, Cr2Ge2Te6 DL ) Fe3GeTe2 S5kl rhiE LR, —4EREIEA K}
T LR 1 JE B BRRE (1) ) AR 4 DL R A i - 22 AT PV CE L 2 B T T 2 e S A
AHIE 5E 8 I AL 2 S ARUURR B VAR 2R 5 B A IR B il T 2 MR 1 — 2 — Jo- = el U & B AL
BRI L . BRI, CuCr2X4 (X=S, Se, Te)44K A S CuCr2X4/Crl+mX2 )i 4 o i T3k 1 =
TR, 9K R R R I B AR 1) e B IR E R R o5 im) S JE I =2 R B R AR
S X T RT IS T S T RS ISR, sl A BRI A . 7E CuCr2Ted/Cr2Te3 5 45
HORPLT BRI kR, R LR Ak ) T 340K, FHIGTHEER I, 7E CuCr2Ted/Cr2Tel 7 )i 45
o B T R LR AT RESk 5 T A Cr2Te3 2| CuCr2Ted [ HIfar#68, MG SR | CuCr2Ted =
R AE HBE . 7E CuCr2Sed/Crl+mSe2 7 i 45 M S22 139 1ot g =4, DLABEIRES
W32 73 1R 2B Ak ARG R o 3X T TAE I 90 4 — J0- = oM 5 R 45 TR A R A R 1 1) 28 A S 1
e TR T — AN RIFF A

A AETIAY:
D27-P01
ZHEARAEREPER AR MnSb2Ted [ [ ALk M AR 1 1A 12
PN BB, SR ER*
T RHEOR

T YE R B MN(Sb/Bi)ansoTesnes BRI L AS AL # 1% A 4R Hh BE A A5 M T 2 ok . R 4%
Mn(Sb/Bi)ansa Teanss HEVE AT 3 F & IR T IR, W T W E /RPN AR 7448, ERZOF R

28



T E PR R 2 2024 5SmSR R & D27. —HERRLS B E

B BORE L R T2 77 T B B AR 2 2 SORIESE AR 2 Y T S5 o — ey 47 A s spms I Al od 7
BRIGYE Mn(Sh/Bi),Te, JZ US4 RBP4 N AERE 1 (Sh/BI),Tes J2, 18K Mn(Sh/Bi),Te, JZH] B, Hi 55
S HLZ AR S, AR ERETE Mn(Sh/Bi)oniaTesniae £E MN(Sb/Bi)ansoTesna > Mn-Sb/Bi FE 1 [
LB B K R RO A 41 RE A 25 F G 3 A 0T ZAR R o E SRR (T BT o) e A BB, 2 5h1 E AT IHE
AL A0 1 23 A 330 T R A A R R AT S8 LA BR AR

BT, FATLL MnSbyTe, AR, EIDREHERS G SR A K ISR, IR KR E A H
A, IS T MnSh A PR B AR AE VR T RO R B R AE[3]. X MnSb,Tey A2k
Sy RGN IR S TR0 3 m 2R KR RS T S5 Wk i MnSh,Tey, T SE K AR KA HI i 1) 2 S 8b
BEMn ErE N, REvER AR IR B R LR BANREAE G K. 2D M R B, AR A E R T i
Mn 7B My, &8, TR H] A KR AT Mng, SAZERFEIREE . i8I iHH% Mny, A1 Mng, WS,
MELF) MnSh,Tey /2 [HIA7AE5 M AL A % (kRGN S A B P A G M AH LA T A 5 4, 30— 2B WA T
PRABRERL LT Mn BT S AL, ATTA RIS T Ming, F1 Ming, ¥R 1] MnSb,Te, fliAHIE . 1
Ab, ISR JFE I B T MnSb 7R AT B LEE SR A A AE KB )1 A G BLEREA
FRAE T U MN(Sb/Bi)aneaTesnes A R BRI TF-BL, A BT 2L Mn(Sb/Bi)anso Teanea S ILA —4EF K}
T T HEMEAL S IR RO R, N E BT 4R R A R HEHT A A

25k
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Two-dimensional (2D) materials are of interest in recent years due to their unique properties and
enormous potential in various fields. In particular, 2D ferroionics with both ferroelectricity and ionic
conductivity shed light on new possibilities for van der Waals nanoelectronics. Here, supported by
theoretical calculations and electrical characterizations, we report the reconfigurable van der Waals
ferroionic barristor that can be used in multifunctional electronics including resistive devices and
steep-slope transistors. Large modulation on the device properties is achieved by electrically driven
migration and redistribution of mobile ions. The memory device shows an unprecedented long-term
stability with a switching ratio of ~1010. Utilizing this ferroionic nature, 2D transistors able to beat the
Boltzmann tyranny, with different gate configurations, were designed. The subthreshold swing exhibits
sub-60 mV per decade values over five decades of the drain current with a minimum of 12.1 mV per
decade. This work paves the way for investigating the symbiotic relationship of ferroelectricity and ionic
activities in van der Waals ferroionics and highlights their applications in advanced nanoelectronics.
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Nonreciprocal and Nonvolatile Electric-Field Switching of Magnetism in van der Waals
Heterostructure Multiferroics
Yangliu Wu*
University of Electronic Science and Technology of China

Multiferroic materials provide robust and efficient routes for the control of magnetism by electric
fields, which has been diligently sought after for a long time. The two-dimensional (2D) vdW multiferroics
is @ more exciting endeavour. To date, the nonvolatile manipulation of magnetism through ferroelectric
polarization still remains challenging in a 2D vdW heterostructure multiferroic. Here, we report a van der
Wiaals (vdW) heterostructure multiferroic comprising atomically thin layered antiferromagnet (AFM) Crl3
and ferroelectric (FE) a-In2Se3. We demonstrate anomalously nonreciprocal and nonvolatile electric-field
control of magnetization by the ferroelectric polarization. The nonreciprocal electric control originates
from an intriguing antisymmetric enhancement of interlayer ferromagnetic coupling in the opposite
ferroelectric polarization configurations of o-In2Se3. Our work provides numerous possibilities for
creating diverse heterostructure multiferroics at the limit of few atomic layers for multi-stage magnetic
memories and brain inspired in-memory computing.

RASTARTY: B
D27-P13
Controllable preparation of two-dimensional Nil2 with environmental stability
Shengdong You*
University of Electronic Science and Technology of China

With the discovery of long-range ferromagnetic order in two-dimensional (2D) van der
Waals (vdW) magnetic materials, with its novel magnetic, electrical, optical properties displayed at atomic
thickness, it has attracted great attention in spintronics and materials science, and has broad development
prospects in the field of magnetic memory and magneto-optical sensor. The monolayer Nil2 crystal is one
of the candidate materials for multiferroic materials. The 2D Nil2 vdW materials are mainly obtained
through mechanical exfoliation and chemical vapor deposition (CVD). However, the bare Nil2 undergoes
degradation within minutes, and the poor environmental stability severely limits the application of Nil2.
Here, we report the growth of 2D Nil2 crystals by physical vapor deposition (PVD), followed by the
deposition of a layer of inorganic molecular crystal Sb203 as a protective layer under atmospheric
pressure to encapsulate the 2D Nil2 crystals. The results show that the environmental stability of
2D Nil2 crystals can be significantly improved by the deposition of Sb203 encapsulation layer by
atmospheric PVD method, and the encapsulated Nil2 remains stable even after being exposed to air for
more than 15 days. Moreover, Raman spectroscopy shows that the 2D Nil2 crystal structure remains stable
even after annealing at 300°C. This encapsulation method provides an effective way to improve the
environmental stability of 2D magnetic materials.
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Adsorption-diffusion equilibrium of polysulfide is the key to stabilize the performance of
lithium-sulfur battery. MXene has a strong sulfur fixation ability, but its diffusion and sulfur fixation
ability are reduced because of its layered structure thermodynamically inclined to stack. In this work, a
sodium alginate bridging agent is introduced to enhance the stacking symmetry of MXene nanosheets and
control the growth of ice crystals, so as to design a controllable array of SA/MXene (SM) materials.
Experiments and DFT theoretical calculations show that this strategy can realize the structural control of
MXene nanosheets, stabilize high-activity interfaces, enhance ion/electron delocalization to reduce related
energy barriers, and establish a smooth path for ion diffusion. On the surface of the array, the highly
exposed polar surface of MXene induces polysulfide aggregation/transformation, which optimizes the
adsorption and activation process of polysulfide in the electrode. Therefore, SM electrode eliminates the
aging behavior caused by the imbalance between the strong adsorption and weak diffusion of polysulfide,
and realizes continuous and efficient sulfur redox cycle, showing high reversible capacity (1359.72 mAh
g™ at 0.1C) and cycle stability (0.0586%/Cycle at 0.5C).
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Memristive Synapses Based on ZnO Optoelectronic Memristors for Artificial Vision Systems
Haoyu Wang' Jian Chai',Xiaochen Wang" Jiabao Sun? Yang Xu**
1. College of Integrated Circuits Zhejiang University
2. Micro-Nano Fabrication Center, Zhejiang University

Because of the complexity of traditional image recognition and memory units, how to recognize, store
and process optical signals efficiently has always been a major difficulty in artificial vision systems. It is
a promising research direction to simplify the circuit structure and improve the performance of artificial
vision system by optoelectronic memristor. In this work, an oxide thin film optoelectronic memristor with
ITO/ZnO/Pt two-terminal structure is prepared. Through photoelectric testing, the device shows great
analog switching characteristics, strong response to 375 nm near-ultraviolet light, and can realize the
recognition and memory of optical signals, indicating potential application in the field of artificial vision
systems. The physical conduction mechanism of the device is analyzed. Finally, due to the simple
preparation process and compatibility with traditional CMOS readout circuit, the device can be easily
integrated with traditional CMOS readout circuit, which provides a reference for the integration and
simplification of artificial vision system in the future.

AR Bafi
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Robust electric-field control of colossal exchange bias in Crl3 homotrilayer
Yuting Niu*
University of Electronic Science and Technology of China

Controlling exchange bias (EB) with electric fields is crucial for next-generation magnetic random access
memories and spintronics with ultralow energy consumption and ultrahigh speed. Multiferroic
heterostructures have been traditionally used to electrically control EB and interfacial ferromagnetism via
weak/indirect coupling between ferromagnetic and ferroelectric films. However, challenges including
lattice mismatch, interface defects, and weak coupling limit the EB field to just a few tens of milli-tesla. In
this study, we achieve a purely electric-field control of colossal and tunable EB effect in Crl3 homotrilayer.
This CrI3 homotrilayer flake is directly exfoliated from CrI3 bulk crystals on a ferroelectric Y-doped HfO2
(HYO) substrate in a nitrogen glovebox. To study the electric-field control of transitions of magnetic
orders, reflectance magnetic circular dichroism (RMCD) system was coupled with low temperature
confocal Raman system and a 7 T superconducting magnet together. We report a robust electric-field
control recipe to dynamically tailor the EB effect in a pure Crl3 homotrilayer, and demonstrate a colossal
and tunable EB field (HE) ranging from -0.15 to +0.33 T, resulting in an EB modulation of 0.48 T. The
charge doping from ferroelectric HYO film divides a homo-configuration of Crl3 homotrilayer into one
antiferromagnetic (AFM) bilayer Crl3 and one ferromagnetic (FM) monolayer Crl3, favoring direct
exchange coupling. The electric field induces a magnetism transition from AFM to FM phase in bilayer
Crl3, which is also supported by first-principles calculations, leading to the robust electric control of
colossal EB effect. Our results therefore open up numerous opportunities for exploring 2D spintronic and
memory devices.
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High-entropy van der Waals materials formed from mixed metal dichalcogenides, halides and
phosphorus trisulfides
Tianping Ying**,Changhua Li?
1. Institute of Physics Chinese Academy of Sciences
2. Shanghaitech University

The charge, spin, and composition degrees of freedom in high-entropy alloy endow it with tunable
valence and spin states, infinite combinations and excellent mechanical performance. Meanwhile, the
stacking, interlayer, and angle degrees of freedom in van der Waals material bring it with exceptional
features and technological applications. Integration of these two distinct material categories while keeping
their merits would be tempting. Based on this heuristic thinking, we design and explore a new range of
materials, which are coined as high-entropy van der Waals materials due to their multiple metallic
constitutions and intrinsic layered structure, with X representing S,, Se,, Te,, Cl,, I, or anion complexes
like PS3, etc. The millimeter scale single crystals with homogeneous element distribution can be efficiently
acquired and easily exfoliated or intercalated. Multifarious physical properties like superconductivity,
magnetic ordering, metal-insulator transition and corrosion resistance have been exploited. Further
research based on the concept of high-entropy van der Waals will enrich the high-throughput design of new
materials with intriguing properties and practical applications.
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The preparation of large area and high quality two-dimensional molybdenum telluride thin film
materials is the primary task to explore its optical and electrical properties. Driven by the current
development of science and technology, the preparation methods and characterization techniques of
two-dimensional (2D ) materials are constantly emerging and updating.We control the oxidation degree of
precursor Mo film by controlling its natural oxidation time. Telluride growth of precursors with different
oxidation times can be effectively controlled. Through a series of experiments, we confirmed the best
experimental conditions, the growth temperature of 680 °C, heating rate of 42 °C/min, holding time of 60
min, gas flow rate of 25 sccm growth conditions, the growth of high uniformity, large area of MoTe, film.

AR Bafi
D27-P24
Epitaxial Growth of Full-vdW a-1n2Se3/MoS2 heterostructures for All-in-one Sensing and
Memory-Computing Artificial Visual System
Zheng Zhang,Xiaochong xu*,wuhong xue
Shanxi Normal University

Van der Waals (vdW) ferroelectric-semiconductor heterojunction provides reconfigurable band
alignment based on optical/electrical-assisted polarization switching, which shows great potential to
construct artificial visual neural systems. However, the mechanical exfoliation fabrication scheme for
proof-of-concept demonstrations and fundamental studies is cumbersome and not scalable for practical
application. Here, we present a synthetic strategy for the large-scale and high crystallinity growth of
planar/vertical a-In2Se3/MoS2 heterojunctions by dynamically tuning the growth temperature.
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Furthermore, based on the a-In2Se3/Mo0S2 heterostructures, photo-synapse devices are designed and
fabricated to simulate visual neural systems functions, including multistate storage, optical logic operation,
potentiation and depression, paired-pulse facilitation (PPF), short-term memory (STM), long-term memory
(LTM), and Learning-Forgetting-Relearning. By coupling the spatiotemporally relevant optical and electric
information, the device can mimic the superior biological visual system's light adaptation and Pavlovian
conditioning. This work provides a strategy for dynamically tuning the orientation of
ferroelectric-semiconductor heterojunction stacks and will give impetus to applying all-in-one sensing and
memory-computing artificial vision systems.
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Growth of uniformly doped black phosphorus films through versatile atomic substitution
Kai Zhang*,Siyuan Wang,Cheng Chen,Junyong Wang
Suzhou Institute of Nano-Tech and Nano-Bionics (SINANO), Chinese Academy of Sciences

For the emerging excellent two-dimensional semiconductor black phosphorus (BP), doping hasbeen
proven as an effective way to tune its intrinsic properties. For the further development and expansionof
BP-based research and application, the direct growth of doped BP films is highly desirable but stillremains
a challenge. In this work, the direct growth of uniformly doped-BP films on silicon substrates isachieved
by a simple one-step vapor growth. The proposed decoupled feeding strategy significantly improvesthe
effectiveness of doping and enables uniform dopant distribution in the grown films. The
substitutionaldoping nature and high crystal quality of the grown doped films are confirmed by microscopy
and crystalstructural determination. Electrical transport measurement results reveal that Se and Te dopants
performmild electron doping effect and enable improve the electron mobility relative to pristine BP, while
As dopantperforms mild hole doping effect. It is believed that the direct growth of doped BP films in this
work willfacilitate the research development of BP in electronics and optoelectronics.
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