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Direct synthesis and property modulations of 2D transition-metal chalcogenides via interface intercalation,
defect engineering, layer thickness
Yanfeng Zhang"
1. dbRURE

The direct synthesis and property modulations of 2D transition-metal chalcogenides (TMDCs) via interface
modulation, defects and layer thickness, etc., have attracted a lot of attentions in developing more intriguing
physical and chemical properties and applications.™® Intercalation of native metal atoms in the van der Waals
gaps of 2D layered transition metal dichalcogenides (TMDCSs) is promising to afford intriguing properties. Herein,
we report the direct synthesis of one-unit cell thick kagome-structured Co-telluride (CogTes6) on Gr/SiC(0001) via
an MBE route, and clarify its formation mechanism, and the possible flat band states from Co-intercalation in
1T-CoTe, layers, by in situ scanning tunneling microscopy/spectroscopy (STM/STS) combined with DFT
calculations. A ferrimagnetic order is also predicted in kagome-CogTess. This work should provide a novel route
for the direct synthesis of ultrathin kagome materials via a metal self-intercalation route.” We also report the
direct preparation of monolayer 1D-defect-induced Co,Te; superlattices on lattice-matched SrTiO3(001) via MBE,
and the explorations of the atomic structure and the novel electronic states around EF®. This work should offer
valuable insights into the engineering of periodic 1D-defect patterns in 2D TMDCs materials. We also report the
successful synthesis of ultrathin h-GaTe layers on the graphene/SiC(0001) substrate, the identification of the
layer-dependent vdW quantum well states (QWSs) by onsite STM/STS and their origins by DFT calculations, and
the widely tunable band gaps. © This work should deepen our understanding on the electronic tunability of 2D

II-VI semiconductors by thickness and defect engineering.
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2 KR 575, B S5 R 1 22 RBERTH SEBLSEEE R RE s 32 U AR mT I R i A i B 3 i 2 24 3
FH B, BRI I HIT RS M, IR Sei SR TP IR . ORI T A i R 2 R AR e W 58
AR o T W PR ey T R R 3 S5 PR i (AL e R 56
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oA S T A
R
1. P ERFEBEEERT T

KO IR 4R A A P A SERR 7T, BRI R S E BRs2m 7 (IR QR R . 1D 4R R
RS IR AR T REROR, SEOl iR NG H %o B AN RV Z LA P T iR IX
R FTAUE AR LEMRIIT ST — AN ERRE R 7o NN R EERR L 73 L [ Sanchez-Yamagishi #(3%
FE CHAR) #85 News & views, PP Z TAE“SEHL 7 KIEARFIE K e )E 7.« — D NETGIRZI 287,
2) FESNaAE e S AR R SR 2 BB E RSEEL T R AR s — R SRR A% (1 SR E A
B RBLE SO SR e I B SR, PR 1R R v S R TR R RN RGeS TR
XUz A S M B AA I B 5 7R A R AR —2+2 B Sk, B 1 FL g mI R AR P 3 ) R 5 IR
It — DRI 2 S RS 1 3K 0 A OGRS I B 7R3 s AR i RO 209K v 7t 5
JRAE 2 BE SRR B F /RN, B bR b RS CAR A N S A iR S IR R, 1R
M7 AUET IR AR EOR, SEEL TR PR BRI E VG R R, R T DURRAS T R,
Smalley #(3% 20 4FRTH2 H FIBRINAKE WK — AN E AR 3) i G S asth: EPR EASESEL T 2
PENT R E A R R R AN AR o, DRI B AN T ZHEA, BEMTSEEL T 4 TN 8 et g 1A 1
FLR TR SO 1SN A B AR IR, SEEL T REOAT R 1 R A (R P Y P AR A SE 1 5
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FFEISE “ Yt RSB X — BRI AT RGO, FRAMI T R Y SR L

Z R

1) Jiaojiao Zhao, Luojun Du*, Guangyu Zhang*, et.al. Nature 639, 354 (2025).

2)  Zhichun Zhang, Guangyu Zhang*, Zhiwen Shi* et.al. Science 387, 1310 (2025).
3) Biao Qin, Guangyu Zhang*, Kaihui Liu* et.al. Science 385, 99 (2024).

4) Luojun Du*, Guangyu Zhang*, et.al. Science 379, eadg0014 (2023).

5) Wei Yang, Guangyu Zhang*, et.al. Nature Materials 12, 792 (2013).

6) Cheng Shen, Guangyu Zhang*, et.al. Nature Physics 16, 520 (2020).

7) Mengzhou Liao, Guangyu Zhang*, et.al. Nature Materials 21, 47 (2022).

8) Na Li, Guangyu Zhang*, et.al. Nature Electronics 3, 711 (2020).

9) Fanfan Wu, Luojun Du*, Guangyu Zhang* et.al. Physical Review Letters 131, 256201 (2023).
10) Le Liu, Wei Yang*, Guangyu Zhang* et.al. Physical Review X 13, 031015 (2023).
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BT RABERSBS ARG S TEMA
R Y, BAAE Y, SREMB Y, SRS, SEUE Y, Z=demE, uwc
1. SRR A A L 7 B

PP UMAR RIS LA R BUE . ARDIFEA R AR T R PR R o AR R AR E 2 B T
WP IR PARRURL, LA Ry 17 RSN R IO TRk, A B O T AR S AU K
P RS R BT R AR T AR T RO AR T B R L SRR T R T RO AR TR S R ELE TR S
g PERI BRI, Yot IRl & SR OSSR . AR BT R IR . B BT
HL G RS BUE A A S i R, R 4R AR RIT R R IR, 4568 T A A
RS BENLAR, SRR A SR SEBL TR A5 S I00K . FEBEEEA b SN BR B T A 4R R
FEEREE, DR T ARRE MR RS VA TET R AR . RUOT SR AR 2 . WH7E AR ik
AR RS i S T BRI FT S 2Rt

D33-21
ETESEFEHREFERIFTHEERARER
R
1. M RR:

RZR T R il TRl B 2 i L I B R . AL G LT B OB SO W, APk R R i) &
THE N EBA X IR 7 Hr k. N E SR T B AR R CRERE NV ) B 75K
SHE I B BT RE . NV O BAT MR TR IR S SR 454, el E . BT
T A O AR 45 A 4k e B ) B S T 7 AR T NV O PR BB B AR AEAS Y (R 9T AH ELAE AR AR
BEfE: (1) WHEE T NVt (i RIS, ST 7 S B MR 1 1 - B AR ELA T P veops AR
g T HIARZHGE ; (20 B UK NV b SN 71 R G0 G, 588 B ie-5 B A T AT Se 4 3,
T4 R T IRE YRS HI AR %A (3) T NV (B0 S G WA AR s i i s FE &, $RoR
T RS AR S R B A S R TR & H BRI SRAS R AR I A R £ S T BR 1

D33-22
ROt FE & TR AT 5T
MRt ki ¥, mpase b2, L
1. PR
2. Wit K2
3. dEE MU MR K2
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REHE PR . N TR RERIE A RS, A SRR 8 R T Bl A Gh AL B B, RIFRTEH &,
NERIAE S ARDIFEIR S, AR T RIMM AT RS R Tl dy . Hod, e RIS 1
JertERE . T RIER . (RDIFESEILH, ORI IR IR RN T SRR, RTTT,  —ZERPRL SR AL
o NLHEmi Rt = . A EARE M8 —miy) (TMDC) EME-LRALFRE, 8
BERISEEL T TMDC (1 H 22 4% i) 57 1%, Jeed 7 o 807 1l SRV T 42, RS I S 17 N A28 e (A 5%
EhIRANVHLAR DI RE, [ RE N T2 o N AU AT R MR 3 M PR n], SEBL 200 AhshW s &R0,
FeTAAE AR R R, TR AR IR 2%, R - Am IR AE LR R S, 42T Ho3+. Tm3+45 ik
FE2 093, HIT AR, SEBL 4 AMEARTT A B0 RETR, ol =AM 2 H AR At oc e St . {4k
YOI e v 2% 1] S PR RO RIE FE DR ot FLA 2 X 28 FE R FH $ 125

D33-23
275 BACHR 62 R 63 5 B
WA, KPR Y
1 AERUR A B

ETRACHIARL, T EASDGIEER R R SERRE TR, KA REBO 05 B, Bt
TR DG A A B ARSI RE . JRTMT, SRR BEAGHE e VR I S 80 1 2807 HES 2 — M T2 AR
fIGiAE o SEIL i BT 22 7 R S A A% 7 S ], R FE A B PE MO AR RN T AR SR, H 2 2 il
FPUCIRE T2 . XL, BRATBETE T« S A - S AEAC” BRBrR I VA R e s A%
B RS T, JEEA R I R T SR, BRI R R — B, SEEL TR R 27 BAL
AR R . R, BRATSEIRAESE T AASE Ty RIS R AR — U ™ A AN ' 150877 A v B 2
71 TR T HAAMOIILECE S, I B2 (5% A IR T 2 B0 e i A OB I AR 2t LT AR, #h et
TESR AL R R IIARSL, BAAE 3.2 um JEE FEHLT 8% —IIB B R .

D33-24
Bk B IR NS M B SE R R
BHERY
1. Failisipt s =

B FL At L A IE 7 R AT o AN FEU R R AR AL R 2 A AR . Bk R AR AL T BAFE NI Az R R AR
BB, DRI ARG s —HERIE R “1” A1 407, B B )R, WA SR 4k FIOAE — 52
FAT R HBA R R R IR AR AN R, EBIEIR B A TE S BN, R, A S BT
HARZMNANE BB FRRE, SRR N 5 — B A 2SR uEse . HEE N
HELE TR AR AR AL I S S5 — AR & AR FRIE B AS SC VR B IESLAR AL e -

FAELL Bk B0 TR S M AR %, Bk L) (i PLTIO3. BiFeO3 &%) DU 7 REAMEK K
FERFRE AT IR by AMSEAR 2R A ARF PR AR 5 26 A DB s 2 i A VL S 3 B8R AR A 2 8% AR e 5%,
ML B — RBF Rk AR AR Phai ), il R P Al 7 ST BRI Al
i 5. (Bloch  Point) LA Jr i BH it ft (A 5% o X PRk L AN 25 ) ) R IR PR R i - Bk PR 1 i o A
Gy RNEAS AT AT RAT HEE L

D33-25
FH STEM-EELS BRI B B FAR BT
=
1. Jbnt R

P AR AT R AER R OG22 75 1 5 G AR A TR B R T, ARG S M B ELAE 5 A
HERRIEM, IR RE Bt dt 7R TN, MO8 T40K00 T2 5 R e 78 Fi 7T
MISCHERT R o FEIR T R &5 M RDGREITE SN, Wm0 PR M pR I -5 842 e 2 2 o ik 7T 24
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Mo

BATRHFHGE S BT BB T REE RIS (STEM-EELS), RE T —Mu@H R4 R
W AL BT e . A ARGt F B, STEM-EELS JEEL 7SRRI 34, B3 mas 1820 9
B OREEFHER, VRS SEATEOR STRINGE ST, R IE G BRI A 58 2% 18] R 8 AR i O= il Aot
B,

A B A 2H LT RRR

(1) 58 STEM-EELS WKL) 0 Fee /1, FATESL 7 SIC 4K v 3R 1 5 1 iAo i L
fA] 5087, W T 22 BE AL AN oK A 0L 75 1 B A G 17 [ 5 BEASE 0, 48R T A/ M R A (~10-10)
AR Purcell Rl (~1012), AAK R FERIBLEEE S9KG 7288 Bt et 1 2 LR

(2) fEBh P i RESEEUR 5RIEE 71, AR T ZnO YIKZF o -MoO3 4Kty i SCHrIf 3
THI 75 AL BOCAE FE AT B A S AP XD IR .

() fEPUE TSI E LR 1, AT T AR 4 R R IR AT BUEOR R 1) e
Wi, b b, TRENTIEhEAR LIEE/D, El T RAMSIERE, fEguHAEE R etk smm
HIMXBHEMZ) 10-2, 1fi STEM-EELS i peidt o n] LASEE 2 A0 BN X (3 &7, X0 T3R5
AR R AEOT I SRR A O R B OCE T . BATRINRN T /D 2 AW FOER R B A A 1 75 A
T, fERshEEBIEE NS T HOECCR, HIESL T RERAISKE 8 /N 5 i 5 B 1R R EE 1
W TR BT R U S K R4 L (>487) AEEZM#EEE (~ 10-5¢).

R FAIHE T STEM-EELS 7E R -1 R E A F AL O R SIS, oy Z4EpbRl i g K
I A AR IO F A BT PRt 1 %

D33-26
T AFM/KPFM H#EARIEFREZVEERFNESRIE
e Y, Rt g, OEEL k!
1. thdb ket

JE5 REET 2 W B R AT s R Rl TR & S om0 T R tE . Bkt 3R
FERE DN AE PR KR TGOS RN, AR EH TN R T RERE T IR EE T2
Sy ATRE R AT, SE R T R B R BTl DORERS T 1k RESE T 2 W BRI A Il R
ik, TS DRors s il i i R P SR BT I S BRSO . AR R T e 50 ARM 255 KPFM B0R 58
BB T RIERI SR F1. B s 2R LAT I, 704 1 IR R s R v P AR Y e 58kl 5
FEH ARG BT A I R DLEAT BT 7515 S BORIR R

D33-27
In-situ differential optical reflectance spectroscopy for controlled growth of TMDC monolayers
Wanfu Shen'", Chunguang Hu'

1. KRR

Large-scale growth of monolayer transition metal dichalcogenides (TMDs) has seen significant progress
through techniques such as molecular beam epitaxy (MBE), chemical vapor deposition (CVD), and metal-organic
chemical vapor deposition (MOCVD). These methods leverage advanced strategies like seeding growth, catalytic
reactions, and substrate-induced epitaxy, enabling the integration of TMDs into scalable nanodevices. However,
challenges persist in achieving high reproducibility and portability across different growth systems. In situ optical
monitoring emerges as a critical solution to these issues.

For MBE growth, established in situ techniques—such as ellipsometry, differential reflectance spectroscopy
(DRS), reflectance anisotropy spectroscopy (RAS), and oblique-incidence reflectance difference (OIRD)—are
widely employed due to the compatibility of large viewports with the growth environment. In contrast,
CVD/MOCVD systems face inherent limitations: the need for a symmetric temperature field near the substrate
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restricts viewport size, while large thermal gradients (~100<C to ~1000<C) between precursor sources and the
substrate necessitate long chamber distances, posing challenges for optical diagnostics.

Here, we report in situ monitoring of TMD monolayer growth (MBE, CVD, MOCVD) using differential
optical techniques (DRS, RAS, OIRD). We developed a synchronized DRS-RAS system with sub-monolayer
thickness resolution and millisecond response, enabling real-time analysis of film/substrate interactions and
coverage dynamics. For CVD growth, an OIRD setup achieved 63ms temporal resolution and deep sub-monolayer
sensitivity, facilitating the study of MoS, growth Kinetics. By correlating optical signatures with growth
parameters, we systematically mapped the evolution of monolayer MoS, morphology, ultimately achieving
reproducible growth on 2-inch wafers.

D33-28
R RE_EGOR ISR T 75 730 71 5 8% R 75 TR 6 %
ATEFR
1 AERUR A B

FEJR T R BRI R4 [ R b AR T 75 75 Tt e RE AR e . BFERCROT R EE T 7 I R s 15
AREAREEZ L T AN E R R T R SRKFEAM GRS, feis DU s B RHDES: . B
IR B SRT, AR GERDE A TT IS IR AT AR, X ALE oK R B SR T 75 5 AR
S AWTFUERL S S WO SRR B EOR, E RS T XA GORBIRAR TS S50 T
ZNR N 23 7y PRI 55 4% o G SRR T A5 BT AR IR RN, B AR - B 2 45 R DB RO FRLIU R S 4
IR IRBAEGOR R A M N o S8R HOTIIRE SRR T A Bk 77, ANTITIROAC oK L 7 A
TR SRR o LR BN 18] 73 BRI 25 8] 70 M RE /7, RE AGKRZORE FE X 70 AN A AR 78 18 i
AR RST AR BRI 5ER 00, BATLA R L T )5 24— R PR B i 10 GHz £ 1 THz
T Vi B ) 7S IR e, IR B T A SRR U AR S A TR . KT AR A AR R T2 AR
TASESCE TR TR R, NRRIET A TR S S EORBUE T3t

D33-29
BEA RSB SIS A SRR
i

1. RYIR

J% 73 %% (Mechanoluminescence) J&fi K IGALENUIR /I N P ARG R, TRFON IBUR G N
JIR I RS I8 R RAEES 7 AR, B “ 07 B ROC Rk E . BT H o R E I AE f
RIAT R, 8053 B 3k A RHE 7 ik 6 U5 RN AT #0400 5 ThD R B RE R S . B Bk R PE
(Self-recovery) (I A3 RN SRR, W ZnS:Cu SENEERIEEAE &G, EH R EDE
JE R A RE ORI AT A ARG PERE, 7R TR N A BRI R RE TR 7 g A2 40U o UL L W Ay B 2 1) S T i
Hto A F TG CaznOS FRF- FARIL T Ak S F il S5 Bl I B 48 LB 7. ISR E TSl
SN RO . R, AT T CaZnOS IR, W HER A 50 2 YRGS I Uk
M5 H R CHRRE « FE T G OB R R e kL, FRATTE i B A LER R, 7R T HAE v B IR RO GIE,
TE LIRS 53 AR AT WAL TRAS 5 E IR S i e Y5 5 AT Fry 7 Y iy 5 0o

SCHR:

[1]. Chunfeng Wang, Dengfeng Peng*, Caofeng Pan*, Mechanoluminescence materials for advanced
artificial skin, Science Bulletin, 2020, 65(14), 1147-1149

[2]. Dengfeng Peng”, Yue Jiang, Bolong Huang*, Feng Wang*, et.al., A ZnS/CaZnOS Heterojunction for
Efficient Mechanical-to-Optical Energy Conversion by Conduction Band, Advanced Materials, 2020, 32,
1907747.
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[3]. Yangyang Du, Bolong Huang*, Dengfeng Peng*, Feng Wang*, et.al., Mechanically Excited Multicolor
Luminescence in Lanthanide lons, Advanced Materials, 2019, 31, 1807062

[4]. Teng Zheng, Marcin Runowski*, Dengfeng Peng*, et.al., Mechanoluminescence and Photoluminescence
Heterojunction for Superior Multimode Sensing Platform of Friction, Force, Pressure, and Temperature in Fibers
and 3D-Printed Polymers, Advanced Materials, 2023, 35(40), 202304140

[5]. Yuantian Zheng, Dengfeng Peng*, et.al., Molten Salt Shielded Synthesis of Monodisperse Layered
CaznOS-Based Semiconductors for Piezophotonic and X-Ray Detection Applications, Small, 2022, 18 (12),
2107437

D33-30
FRE . MR T EXI R RALRIES A
BRBHZS Y, AT 2 Mk
1. BERZ STk
2. {LIFBIEMABARA IR A 7]
3. BRSNS oEithliE Ak, BEEKE

b5 AR R LS I RR (2, R e b . = 4ERgNAE R (4 FinFET A1 3D NAND) X HLA ZI0 T 24 H
THERER . ERHERST/NT 10 nm B, RRIERSPREEERAE 3-4 NEFIER b, BT Az AR HE
CLig R ESRDS, JH P B2 AR (ALE) — R B sk B 20 h B, i HAR R 15 PR o N 2 34 B 4
Ze B AR R T, FRE R B B2 iR, B RS IR S, SR, 4RI ALE FAR{
R EfR— KPR, B0 (LD 3R FEAY . BAERGZh TEF R (2) WA F4
B2 M ZN B (3D REAI R & i) R SUAE R R SEIRGRoR G5 R R i 22 ok, 5555 £1X DL B,
BATH AT C BT — RYVENEER) ALE T2, 05 T Z2IMisR s mik &, sEBl T AI203. ZnO.
Ga203. In203. IGZO 5 B KM %I ok FE# ), AR E— B N AT 1=V S E Z
Y. GBS R FE )l 8 A S RO (QCMD FE %l R FR gt AT JEAL A0 AT . ffbT T ALE
TZMERMERMISRE; tAh, TR T &RAI BN IERREZ I T2 REE NN ER, TATH
A& m[FEE ALE S2EL T 2 290K/l z) ik, k5 7 BT 2 290K . DLEGRER T ALE £
RIESeHE - SR G R R 7

225 3R

[1] Gottlieb S. Oehrlein, Stephan M. Brandstadter, Stephan M. Bruce, et al., Future of plasma etching for
microelectronics: Challenges and opportunities, J. Vac. Sci. Technol. B, 42 [4] 041501 (2024)

[2] Jack Nos, Sylvain Iséni, Martin Kogelschatz, et al., Cryogenic cyclical etching of Si using CF4 plasma
passivation steps: The role of CF radicals, Appl. Phys. Lett., 126 [3] 031602 (2025)

[3] Jomar U. Tercero, Akiko Hirata, Michiro Isobe, et al., Surface chemical reactions of etch stop prevention
in plasma-enhanced atomic layer etching of silicon nitride, Surf. Coat. Technol., 477 130365 (2024)

[4] Marcel Junige, Steven M. George, Selectivity between SiO2 and SiNx during thermal atomic layer
etching using Al (CH3)3/HF and spontaneous etching using HF and effect of HF+ NH3 codosing, Chem. Mater.,
36 [14] 6950-6960 (2024)

[5] Ross Edel, Ezra Alexander, Taewook Nam, et al., Removing defects from sputter damage on InGaP
surfaces using thermal atomic layer etching, J. Vac. Sci. Technol. A, 42 [6] 062602 (2024)

D33-31
fR4E AR E ) B 7 BRI A R S IO 22 1 TR
SRARAR Y, xR Y
1. bR
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B4 R ARk DR LB AR 1) T PR ASRSL A RT R R R s B — AR e BB SR W BEAR £ 38 1
Blo JTAESR, IR T3 SRS R AR G SO R (IR R A . SEREEAE), DASEELR R ()
Fa i e, B OB SR MR BRI TR SR 2 WU AU 7 7)o 3B S T e T
RS HEER, O TARGEM R 540 5 A KL 70 (W B R R F B AW 7 T J 7 il & Ak 2% T
2, SEREFIEEF BT BMEAR, RERR TR R 858 5 AL A EREE. Tk, AT
R AR A K, #1457 REZE TR A AL (Advanced Materials 2024, 36, 2303122) M idiE 4@ i
A &) (Science 2024, 385, 6704), SIS [F] ME LR 25 14 1R HL TS BEADL S S RAE, SEIUN AN [F] /2 4035
T HEBR TG AT BE I SLER IR,  FRIF AL AR LR G2 E I . B IR AT 2 BE R AL ZKE (BNNT) HiiF
P BRI AR 3L [E] 4 F I AH AR A HEBR S5 4, 47 T 10 2 JE 21 23 (Nature Nanotechnology 2024,
19, 1299).

D33-32
ETHMF EHE R RFHIEEA
SR, DAL
1. hE R A BT TR

TE A BIVRRHE AL, 57 Z0R 2 B BORE N Rl A% O R, TR OBl Ak 22 22 R A8 X
KIESEE B AR R o8 . RS A4 (scanning probe microscope, SPM)A& H | S22 ] 43 #%
BRI RE TR R RS, EJR T RN ESARAE . B Y MEINE Ke 40 K 45 R M) SR 5 4Tk 4555 TRk =
BN, A ARSI 20 )3 1) B B B o AR BB I K T — R4 T A IR B s, (046 3K
2K FIE K 55 2 Fp UK SPM, HREW 5 SREARRL S, FEIC B =0 1) 2 DhRe R aR e il 2%, i)
KHFRTE T W& mtERe . Fae Ay B . ARG HERSANHET HU SPM KA & BRTR. BIES
TR AR R PR AR N 2, R T SPM 1E AR JE 10k % i (1 R e it

D33-33
FERVE R PERRAT LA 5k BRI
BTR Y
1. BEURIEHI BRI T

FEREHRFEIR (HRG) J&— ik T my & Biva Skl RS B R AL IR, A O IR I I A il opy o
(I S AUt o R BRI AR AT () P K R BRI AR e PR3N, & B A B RRJERT S 0B — A M fUsas . @
HRFUR (ALD). Zl (ALE) S5 T2, Al SEOLER AL/« BB K 2R T 50 00 )7 ks i 4%,
BEIRTERBR T Q AR A 2 M. WiRFH AL2Q3/ZnOITiO2 kS 2 I 7 1 2 4%t Al LLLAL
L5045, BEARAE EEFEHOTF I/ N R PE R RS o R, T O ARAE T AR AT DK SR 7 e R P45 1 78 1
DKL, TIPS IFAEFE IR e i MEE I BB IR . %3 RERAE NN — AR MR T L& T
WIS B A, HE3h HRG MR R FE 5L 7 T K & .

D33-34
JEF B RS T Ol A A S B AR A R B FH
EB, T
1. M/RIE TR
2. HMORE

KN (nanozymes) 1FN—R25 & RERRF ML MO BE, R AR. RaE iy, mTEE A
NG TR S0, RIER R A LI #AT IS 2R UG, & T E eI 1Rz
AR IRBEHEAL 5 S AR AOK B AL I B AE A RE, A B 7 00 RO 40 K I BEAS 78 70 B AUL R SR I (3 2
MBCAIAEE, A BB —AUSHEEZRZ 0 TR — it A1 EERAE T RGO B A 515 5
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AREMARZR, TGO ks i 0 A2 AL 55 R 2 B SR T AE WA R RO BC AL 3R, IS AN B R A FEER A ST
JE 7G5 ARV RERI RBOR 2R, SEDLRARBEAL I AR AL (A2 N S5 7 AT T RBIEH R RCR : D
BERT T AR B 5 R e MRS AN RE IR SS R IR B (LS, AR ] W1 2 e P Do RS A2 A B2 5 9K Bl
T PEARE P 2 (AR - RS AR SEIUBRPEAR T PERE I 7 KM & R, 9 MR RUBERGHE 017 ZE K ST K il
TPRERTEAR: 2) BRI T AR BB ML A BRI BUR, R R T e o0 5 B AR R REALL R
SRS rhC A BRI [RD RN, RN FE R S5 K B AR VS PEAL RO, SR T oK B AL 50
TR WU R AN FE AR AL, S B —ARGURER R FESe B Hipll s 3D &0 B oK B il
JEE ANV 52 BRIk, W D R 4 5 K 2 B PR 2 TR -REOR R Bt HFT R BAT 2 B
YRR IR T RN, LR T RAUKEE 2 ThReE, 9l R 99K N 2 Fh A% N 5 SR S T A %

D33-35
T T HER A BUR S fih AR IR
MR L, iRt EMRT
1. FBMIK2E

N Tl Al ae MR, HRADEOUM R R T R, BV 5T PSR Al mTSEIiR b
TTERAMERE R RN, LBl mE PR RN T i) B E RS AR H AT W BUOEH BHA R FPRELZ,
WO BT RO IMRMA & o IR Eh I BURO M RERAT I IR AR, AR T S5, 2 R B R
NERCH R (HIER EARHEAE RO LA ST . PEREAEE. ST RBUZIRSE RS, B SEhr A —
SEMIERES . A1xd BRI, AT H BT R IR £k bR A BRI RGeS RO CHL BT 7T M
I VA A RPN RHE IR S ROCTERERIMI R &, AL T2, I ARGE S 7 BB R AL
RS TMASA, RS SRR ER AT 0 (XS RS 2 45 B I T) 20 FO G A0 55 — 1k SR B v H SRR 70 B et
BUROGHR I TR A S Gl 1 B B A D SO Goh e % S I am O M) A o s i ST L% 22 ST
B, PR RHPEREIAL AR TERE LR A B R, MR RAS I B . T8 i R3S
Pl A TR BB I 20t N e, BRI e AR BOR R BRI S 4

D33-36
V05 A R I 5T ) B R 7 R Bk o O 1 R
VEERAS Y, ok Y
1. RER%

TEJRTFRAIET, RAMANGREEA FIM RIS X, FRJEtErEE. At fizh
RESCILZ LB R . R TR A A, 48 (2D) MRS R4 s e Ae R At 7k T
ED B, H B SEEREANE AN 7. BB PO kb 5 R S B SAHEAER, bkl aiss
PR FF B K K . BB RGBS (PAY ki, ASREULRSNSE . ThRels B UL LR A H
SRR A T TS O =M.

A AP EOE R IH-R I AR 7T PMMAPIMoS,/BaF, B &R AR R, i TN 5k
225y RAHE 5 BGIE AT, 1R For 8 T ANFEA B 05 FREN R, 7R ESEIL T PA Bkt E S5
MoS, fk& AT 245 1 (CAP) IRGE S0 B . LI RIhIE T PMMA £ A B E AL M (3
S RECN 3.26%), EERIET PMMA. BaF, #1 PA ik i3Ik & 505 5108 3.10 pm A1 1.93 um™, AJE-T
G R R I ACIR M T EE SR, BT IR (B S T R I, PMMA 5 BaF, H PA
ik B HRIE EE A 1.04, 7R T SEIR T MoSy/ A5 AT BIARS & A KFRRLRL, 1K — R IR S5 i3 TR i
TR SRS 1 28 T BRI A . A FUAMCN 2D PRI 2 B 25 0 T 7 SR T e s 4
R IGETE R, AT GOk FE IR 75 e B 23 150 1T S5 BR B A LI B SO e T i A2
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D33-38
Artificial Symmetry Design for Flexomagnetoelectric Effect
Jinxing Zhang®"
1. Beijing Normal University

Symmetry engineering is explicitly effective to manipulate and even create phases and orderings in strongly
correlated materials. Flexural stress is universally practical to break the space-inversion or time-reversal symmetry.
In this presentation, | will share with you about symmetry engineering via a graded strain in strongly correlated
materials. By introducing strain gradient in a centrosymmetric antiferromagnet Sr,IrO,, the space-inversion
symmetry is broken accompanying a nonequivalent O p—Ir d orbital hybridization along the z axis. Thus, an
emergent polar phase and out-of-plane magnetic moment have been simultaneously observed in these asymmetric
Sr,IrO,4 thin films, which both are absent in its ground state. Furthermore, upon the application of a magnetic field,
such polarization can be controlled by modifying the occupied d orbitals through spin-orbit interaction, giving rise
to a flexomagnetoelectric effect ™. We propose such a magnetoelectric effect exhibits an axonic coupling, where P
//M may enables direct coupling between external axions and internal axion-like field, so that signals from
axion-matter interaction may be amplified by magnetoelectric and magnetic response 2. This work provides a
general strategy to artificially design multiple symmetries and ferroic orderings in strongly correlated systems.

References:

[1] X. Liu et al., Flexomagnetoelectric effect in Sr,IrO,4 thin films, Physical Review Letters 133, 156505
(2024);

[2] R. Lei et al., Emerging axion detection in artificial magnetoelectric materials, arxiv.org/pdf/2505.08477;
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D33-P01
A High Stretchability Micro-Crack Tactile Sensor System Based on Strain-Isolation Substrate
Xiaojun Pan*”
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences

The integration of inflexible constituents onto pliable substrates is widely acknowledged as the most
pragmatic approach for the realization of stretchable electronics. Nevertheless, the assurance of enduring
connectivity between rigid electrode components and these compliant substrates poses a formidable quandary. In
the scope of our investigation, we proffer a resolution by conceptualizing a PDMS substrate replete with strain
isolation partitions, which can generate Young's modulus difference of approximately 30 times. These partitions
efficaciously safeguard the steadfast linkage between rigid components and electrodes, even under diverse strain
provocations, a stable connection can be maintained even when able to withstand strain exceeding 120%. Using
this substrate, we constructed a visual deformation sensing system based on microcrack type sensors. Compared
with traditional flexible substrates (2% strain), systems based on strain isolation substrates have better tensile
stability (10% strain). This groundbreaking innovation bestows stretchable micro-crack strain-sensing systems the
resilience to contend with the potentially formidable rigors of everyday application.
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D33-P03
A chalcogenide-cluster-based semiconducting nanotube array with oriented photoconductive behavior
Jiagi Tang"
1. Beijing Institute of NanoEnergy and NanoSystems, Chinese Academy of Sciences

The interesting physical and chemical properties of carbon nanotubes (CNTs) have prompted the search for
diverse inorganic nanotubes with different compositions to expand the number of available nanotechnology
applications. Among these materials, crystalline inorganic nanotubes with well-defined structures and uniform
sizes are suitable for understanding structure—activity relationships. However, their preparation comes with large
synthetic challenges owing to their inherent complexity. Herein, we report the example of a crystalline nanotube
array based on a supertetrahedral chalcogenide cluster, K3z[K(Cu,GesSeg)(H,0)] (1). To the best of our knowledge,
this nanotube array possesses the largest diameter of crystalline inorganic nanotubes reported to date and exhibits
an excellent structure-dependent electric conductivity and an oriented photoconductive behavior. This work
represents a significant breakthrough both in terms of the structure of cluster-based metal chalcogenides and in the
conductivity of crystalline nanotube arrays (i.e., an enhancement of ~4 orders of magnitude).

D33-P04
Stretchable and Lithography-Compatible Interconnects Enabled by Self-Assembled Nanofilms with
Interlocking Interfaces
Xiang Li'"
1. Beihang University

Stretchable interconnects with miniature widths are vital for the high-density integration of deformable
electronic components on a single substrate for targeted data logic or storage functions. However, it is still
challenging to attain high-resolution patternability of stretchable conductors with robust circuit fabrication
capability. Here, we report a self-assembled silver nanofilm firmly interlocked by an elastomeric nanodielectric
that can be photolithographically patterned into microscale features while preserving high stretchability and
conductivity. Both silver and dielectric nanofilms are fabricated by layer-by-layer assembly, ensuring wafer-scale
uniformity and meticulous control of thicknesses. Without any thermal annealing, the as-fabricated nanofilms
from silver nanoparticles (AgNPs) exhibit conductivity of 1.54 x10° S m™* and stretchability of ~200%, which is
due to the impeded crack propagation by the underlying PU nanodielectrics. Furthermore, it is revealed that AgNP
microstrips defined by photolithography show higher stretchability when their widths are downscaled to 100 pum
owing to confined cracks. However, further scaling restricts the stretchability, following the early development of
cracks cutting across the strip. In addition, the resistance change of these silver interconnects can be decreased
using serpentine architectures. As a demonstration, these self-assembled interconnects are used as stretchable
circuit boards to power LEDs.

D33-P05
A multi-user wearable waistband system for real-time health monitoring of respiration, ECG, and body
temperature
Siyuan Wang""
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1. Beijing Institute of NanoEnergy and NanoSystems, Chinese Academy of Sciences

Wearable health monitoring systems have gained significant attention for real-time physiological signal
tracking, particularly in elderly care settings where continuous, non-invasive monitoring is critical. Current
systems, however, face limitations in multi-signal integration, user comfort, and practicality for long-term use.
Existing approaches often rely on separate devices for measuring vital signs, leading to cumbersome setups and
restricted mobility. Additionally, few solutions support simultaneous multi-user monitoring, hindering scalability
in group care environments like nursing homes. In this study, we present a highly integrated waistband device that
addresses these gaps by concurrently measuring respiration, electrocardiogram (ECG), and body temperature. The
respiratory sensor employs a resistive pressure sensor. Its alignment with the ECG electrodes and the temperature
sensor eliminates the need for auxiliary respiratory devices (e.g., masks) and enhances wearability. With the
integration of a Bluetooth transmission circuit system, this real-time health monitoring system enables long-term
stable testing for multiple users. A 24-hour synchronized test involving 10 participants was conducted,
demonstrating effective health monitoring capabilities and the potential to identify underlying health issues. This
innovation provides a scalable, comfortable solution for intelligent healthcare systems, demonstrating practical
value in elderly care applications.

D33-P06
Tuning the light emission of a Si micropillar quantum dot light-emitting device array with the strain
coupling effect
Yepei Mo'", Rongrong Bao®*, Caofeng Pan?>
1. Beijing Institute of NanoEnergy and NanoSystems, Chinese Academy of Sciences
2. Institute of Atomic Manufacturing, Beihang University
3. International Institute for Interdisciplinary and Frontiers, Beihang University

Using an optical signal to realize sensing of a strain signal is a promising application for tactile sensors.
However, most research is now focused on piezophototronic LED arrays, which are difficult to incorporate into
the Si-based semiconductor industry. Due to the poor photoelectric performance of Si-based devices caused by the
indirect band gap of Si, it has always been challenging to construct high density light-emitting devices with Si.
Here, a Si-based quantum dot light-emitting device (QLED) array composed of p-Si micropillars is designed and
fabricated, and the mechanism for modulation of the strain coupling effect in Si on the electroluminescence
performance of Si-based QLEDs is studied. The introduction of QDs easily provides efficient and adjustable light
emission and meets the requirements of different practical applications. The emission intensity of the QLED
depends on the injected current density, and the transportation processes of the carriers can be modulated by the
strain coupling effect. The combination of Si-based photonic devices with pressure sensing may have a significant
impact on the fields of electronic skin and human—machine interfaces. More importantly, this technology is fully
compatible with the dominant Si-based semiconductor industry. Therefore, it shows promise in realizing the
integration of large-scale Si_x0002_based photonic devices and expanding their application fields.
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D33-P08
Temperature Decoupling of a Hydrogel-Based Strain Sensor under a Dynamic Temperature Field
Zemin Li*"
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences

Hydrogels possess several interesting characteristics and have attracted increasing attention for flexible
interactive strain-sensing. However, hydrogel strain sensors are easily influenced by temperature because of the
intrinsic characteristics of the materials, thus, their sensing accuracy is significantly affected. Herein, a strategy is
proposed to eliminate the influence of temperature by building an in-situ hydrogel temperature sensor next to the
strain sensor to monitor ambient temperature changes and simultaneously correct the strain signal. By introducing
silicon nanoparticles and modified graphene, the hydrogel exhibits a good balance between conductivity and
stretchability. The hydrogel strain sensor exhibits a working range of up to 1000% and a sensitivity of 8.1. It can
monitor human movement and shows good stability. Moreover, the hydrogel-based sensor demonstrates an
impressive thermal response sensitivity (—7.16% °C™*). This bimodal sensor not only realizes the decoupling of
the strain sensor from the temperature but protects the temperature sensor from the influence of strain. More
importantly, the device is also able to accurately control the manipulator under dynamic temperatures, proving the
feasibility of the design. This strategy provides a new method to eliminate the influence of temperature on strain
sensing and assists in the development of the interactive-sensing field.

D33-P09
Gradient Modulus Strategy for Alleviating Stretchable Electronic Strain Concentration
Boning Sun“?, Zemin Li*3, Zhuoyu Song®, Yang Yu®?, Zhonglong Zhang"?, Runhui Zhou®?, Boru Jin'?, Ziyu
Chen?, Yushu Wang*?, Jiang He?, Rongrong Bao®, Wenchao Gao?, Caofeng Pan®*
1. Education Department of Guangxi Zhuang Autonomous Region School of Physical Science & Technology
Guangxi University
2. Beijing Institute of Nanoenergy and Nanosystems
3. School of Nanoscience and Engineering University of Chinese Academy of Sciences
4. Department of Engineering Mechanics Dalian University of Technology

The island-bridge structural design is a common strategy for imparting stretchability to flexible electronic
devices. In this structure, the low modulus regions bear most of the deformation, while the rigid islands, which
house the electronic components, undergo minimal deformation. However, due to the modulus differences that can
be several times or even several orders of magnitude larger, severe strain concentration occur at the edges of the
rigid islands in high modulus regions. This strain concentration caused by rigid constraints not only reduces the
stretchability of the soft substrate but also degrades the mechanical performance of the interconnected structures,
thereby significantly affecting the overall stability of the device. Starting from finite element simulations, this
paper introduces modulus gradient regions and optimizes geometric parameters, significantly alleviating the strain
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concentration at the edges of the rigid islands. Serpentine-shaped circuits are then transferred to a substrate with
strain isolation, which demonstrates better stretchability stability under 20% elongation compared to traditional
strain isolation strategies. In addition, the stretchable light emitting diode (LED) system with gradient modulus
has better stretchability compared to the system with conventional strategy. This suggests that this strategy has
great potential in maintaining the stability of stretchable systems.
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Impacts of the Lattice Strain on Light Emission in Layered Perovskite Thin flakes
Zhonglong Zhang"", Runhui Zhou', Meili Li*, Yanfang Zhang®, Yepei Mo*, Yang Yu', Zhangsheng Xu', Wengjiang
Wu?®, Shixuan Du?, Caofeng Pan®
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences
2. Institute of Physics & University of Chinese Academy of Sciences, Chinese Academy of Sciences
3. Institute of Atomic Manufacturing, Beihang University

Strain engineering, as a non-chemical tuning knob, can enhance the performance of semiconductor devices.
Here, an efficient manipulation of light emission is revealed in thin-layered 2D perovskite strongly correlated to
layer numbers of [Pblg]* octahedron (n) and [CeHs(CH,),NHs],(CHsNH3)n.1Pbnlse.: (N) by applying uniaxial
strains (¢) via bending the flexible substrate. As <n> increases from 1 to 3, an efficient light emission redshift (e
from —0.97% to 0.97%) is observed from bandgap shrinkage, and the shrinkage rate increases from 1.97 to 10.38
meV/%, which is attributed to the predominant uniaxial intralayer deformation due to the anisotropy of the
[Pblg]* octahedron lattice strain. Conversely, as <N> increases from 7 to 48 for n = 3, the deformation related to
bandgap shrinkage rate is more prominent in small-N flakes (<N> =~ 7, 15.2 meV/%) but is easily offset in
large-N flakes (N> = 48, 7.7 meV/%). This anisotropic lattice deformation, meanwhile, inevitably modulates
the carrier recombination dynamics of [CeHs(CH,),NH3]2(CH3NH3),.1Pbnlsn.g, which is essential for the
development of highly efficient photoelectronic devices.
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Recent progress in construction methods and applications of perovskite photodetector arrays
Hui Lu*, Wengiang Wu?, Zeping He, Xun Han®, Caofeng Pan*"
1. Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences
2. Institute of Microscale Optoelectronics, Shenzhen University
3. ZJU-Hangzhou Global Scientific and Technological Innovation Center, School of Micro-Nano Electronics,
Zhejiang University

Metal halide perovskites are considered promising materials for next-generation optoelectronic devices due
to their excellent optoelectronic performances and simple solution preparation process. Precise micro/nano-scale
patterning techniques enable perovskite materials to be used for array integration of photodetectors. In this review,
the device types of perovskite-based photodetectors are introduced and the structural characteristics and
corresponding device performances are analyzed. Then, the typical construction methods suitable for the
fabrication of perovskite photodetector arrays are highlighted, including surface treatment technology,
template-assisted construction, inkjet printing technology, and modified photolithography. Furthermore, the
current development trends and their applications in image sensing of perovskite photodetector arrays are
summarized. Finally, major challenges are presented to guide the development of perovskite photodetector arrays.
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Robust Surface Reconstruction Induced by Subsurface Ni/Li Antisites in Ni-Rich Cathodes
Jiarun Ding"?, Xinyan Li*"
1. Beijing Institute of Nanoenergy and Systems, Chinese Academy of Sciences
2. School of Nanoscience and Engineering, University of Chinese Academy of Sciences

Loss of active materials is a critical problem of layered oxide cathodes for lithium-ion batteries and
undermines their long-term electrochemical performance. However, the atomic-scale outward migration
mechanism of transition metals and oxygen remains elusive due to a highly localized environment at surface. Here,
the robust surface reconstruction of LiNi0.8Mn0.1C00.102 (NMC811) induced by artificially introduced Ni/Li
antisites is reported. Using scanning transmission electron microscopy, the outward co-migration process of nickel
and oxygen ions is directly revealed at the atomic scale, finally resulting in a stable surface structure. The robust
nature of this surface structure originates from the strong linear superexchange interaction between subsurface
Ni-Li and surface Ni as supported by first-principles calculations. An idealized subsurface structure with 13 Ni-Li
is designed to suppress the outward migration of transition metal and oxygen ions and provide a universal
lattice-coherent surface protection strategy for layered lithium transition metal oxide cathodes.
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