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Memristive computing: from systems to devices
Zhongrui Wang*
Southern University of Science and Technology
The advancement of Al lies on data, model and hardware. However, traditional digital hardware faces significant
challenges. These include the end of Moore’s Law due to transistor scaling limits and the von Neumann
bottleneck arising from physically separated memory and processing units.
Redox memristors are deemed a solution for efficient and scalable deep learning, which also witnesses
tremendous efforts towards commercialization. In this talk, we will discuss how to advance memristive computing
at different levels: systems/applications and circuits.
At the systems/applications level, our focus is on hardware-software codesign to turn the inevitable memristor
nonidealities (such as stochasticity and expensive programming) into advantages. We explore applications in
graph learning [1] and few-shot to zero-shot learning [2].
At the circuit level, we devise circuits that exploit the in-memory processing of analog signals, which physically
implements dynamic ANNs and SNNs [3,4], ODE/SDE solvers for diffusion and digital twins [5,6].
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BT . AR T, FECIRE T RO POLIERE SR TIER . HT-E TGS RAmE S
2 AR BRL G T R 1 S BT 707 17D Y — L HERE

D38-2-C-02
iR BRSBTS A K R AR R
k>t ARaA%k 2 RIS 2. BRIHEE 2. OIS 2L BRBRAA S, BEEC. BREIT. A !
1. RMNGTH R
2. Wb K2

1 0 GapO3 HME T T & i R B H H 64 (SBUV) JEHRIIZR 2O E T [1]. FRATLLH
g MgO (100) AATE, RABKMEOEITR (PLD) REAFAIE FAEK Ga,05 i, EMIL 7 Pa &L
&, PAF T EA (1000 HUA AR TGO R = 0 E A B- GapOs AMETHE[2]. BRZERIEZE S
WS (AC-TEM)E R, Ga0s A KIET— %) 8 nm JEAL -y M Ga,05 1% 2, JF&AE KA H 8-12 nm
TR K B B-Gax0q; JRT-22 4 1 AC-TEM H 348 /R B- Gap05 HME H A7 78 /b B AL T W5 BE 48
ALERPE . B REVZ R BB AU AN R 2 AR AR T AIRGOK SR I BEER, F 5E 40K W T e S T L )
A (11-2) | (1-1-2)0 T ZFRRGK & B- Ga,05 1 % (1) MSM B SBUV Y HLERIIES (10 V fwE) &
T ARG FE R A BmE FEIR L (1dark = 0.6 pA,  Ilight/Idark = 1.47>107). B IR Ctrise= 0.144
$/0.988 s Al tdecay = 0.036 $/0.266 5), LA K =y i B BE AR ZE (R = 191 A/W, D* = 3.8x1015 Jones; U&{H
B 255 nm). RO HE T2 BRI AR S ORI R BoRAE KT MgO  (100) _E 1) 55 4b
TEYK A B- Ga O3 T EAETT & ity SBUV Y HLERIES F HA E R ). fil, BAVEBEEE RS LB
g 02 (BN)fEEALF]. H Ga(6N)5 GaO3 ¥ AR (BN)F% 4:1 FE/RELIRAVE NI, @it i 1R GE R ETH
7 AU(LLL) R VIR Ga203 I HE1T 500 °CIRALIR K, Z JEx AT T 52 XPS. LEED. STM R1E
Str. GERKM. BEHEE T Ga2p3/2. O 1s 4G Remalh 1117.7 eV, 531.0eV, H O/Ga=1/1, T
AR T HZE ML) ALY 1 ML-GaO #fi5%; GaO MEAE Au(111)3RH _F 2 =4 ERAK, Kl JE FH
BINMAIFRGER, GMEEN 2.5 A, SELPIR SRR 2 ML, T Ga 2p3/2 454 RE (1118.25 eV) K
1 ML-GaO i e K+0.55 eV, O 1s &iaae oMWk, H O/Ga=3/2, ¥l GaO M A NFF a1y
TR Ga203 H[3]. R IR T HEFIIK AR RIS X AREER, (HA KA LAy =4k SR K,
NG N 2.3 A, AR FEIFE A 2.95 A, # % EE AN 0-Ga203(0001). 4k4E7THA
JEJE 10 nm LA E(40 ML), XPS EAFHE/R Ga,0x/Au Aey 2 {5 5, HRrEEH 218 F] 2.19 eV, Ga,03 ll §EH
TN 0.25 eV A TAEH IR EERHER A KT WAL Gao MfiE Ga203 M IIR1F a-Ga,0;
(0001)/Au(111) H Fe R fefib ey 25 S 2, Prigss B T 2% Ga203 A Kt 7% KALH], LLRR gAY
Ga0, i B A HEF

D38-2-C-03
A EACH R ORI 1
T
Hh R e A BT T
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B EE R iR, BAiiRasrt. MR S, ¥Rt R aEEs. |AomH
ORI RS L Rt o [RIB, 3 R 3t s I AR 2o M e 22 i B o 400 49 R0 B RN 98 ik 325 PR 1
FEARZE T BACH, ORI SR g Ak F e A S AR R A T . SR, BT AR OO R RS S
4 B i B AR A LS, R RST AR5 5 AR KA BBk . Ik, et ARG is R mYEE. Mk
Bl A AL 2 A AR AT, BRI Rt — BTN TR SNEAE K Tk, FEAH
F M G B AR KR AR S 5 B AL B 2 S AT R & B i il AR KBk s 3E O B 2 2 . A, 4R
P NN A AR FE T IX L A 5 i A RE I Fe A s B il DA A 87 FH it 5 9 T4

D38-2-D-01
A RIBEE RS EHRES
A

e kSRR S TR, Jbat, 100871
2 JbnCR SR RE, AT, 100095

ORI B M A AR MR S R mim T RS T M N AR, RE
2 SRR (chemical vapor deposition, CVD) 5 Vil 24 (1A S5 das i A BL B A KRSE S s BT
SEFPERD, SR SR T LI O 5 AT R AT e L), PR 7 HSRBRN . NSEDURTH A CVD A7 S84
WD RE N, W T BN e Ja Aol S ) £ 1 SRR IR RS 2 H AR DA b TR SR e R i A v
PRGN V53 BARGERE, JTE A SRR VR . PR e S B S A ORI
RS, YERFICAAETERE, RN, VOB AR E, Sella St B RS, R AR TN 4
B BRI, =R BT AR R RE TR R SR, 51N B E AL B 5T AT LA
HE R R A SRR TR R B AN ERTG Y. 55— J7, B ied, T KR
2000 5 AL B A G TR I AN B E K E B, BRIV G AR5, TRt &%
PRI A AR

TR F g KA SRR X — T It e 17— &5 Ak, i # BN B g st Bl
PR /7 (RS B 4%, SeBL T OKHAUVE SRS IO . B8, “eTEEsta (L i KRR
BIS) AN SI5 S5 BRI &, RS A SB06 SR EN 2 WER 77, SEIL T A S WA
KA A TR B A 4G 5B TR E &, BReniEIoK5SaIERNZS 5, (2 LIl T 496)
o (B A7 SR 075 ) SI/STO, S (0 52 B 46 5% , S BE R TT A 99%, A7 847 4 = IR AR 7T A % T 1% 14,000 cm? V!
s (3D SEBL T A3 ST A SR T [ SR TN K R 2 R (polyethylene glycol terephthalate, PET)
FRMTCH B 2H, HMH T o Sk S BRI, SUZ A S /K 28 0 i A PR 5%10°° gl(m? )
(4) st IR VT AaRattE. B3R RS, LU FERENNEIGRE. AlllashrEas
Wi 55 o

ZH R

[1] Zhao, Y.; Song, Y.; Hu, Z.; Wang, W.; Lin, L.; Liu, Z. et al. Nature Comm. 2022, 13(1): 4409.

[2] Chen, S.; Chen G.; Zhao, Y.; Bu, S.; Lin, L.;Wang X. et al. Adv. Mater. 2024, 2308950.

D38-2-D-02
ZHIRR ML R KR RS M2 AR SR KSR AR DL
L Cl
W R TR GRIID

A5 B EOR AP R e xt 2 Thg. R, (RIIFEM 7O TRMREBORSE T T 2K, TP RR
AR HREACRE T Lot A AR iR RE,  SEBU AR B R PR A R0 ], 3 AR B 3
i REROE IR R A O Ha 7850 S SRR e D't i s BT B RO HESN 1 o ARt e B Bl 48
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WA AR B B R SR R EE AT R RT Hi8, B 1 B A T4k SnP2Se6 ARG AR IR 1E
Lo Jr EERINIHT; 2. 4 MoS2 [ 57 IR EE AL FaRs & 37 TR il A PF AR B

D38-2-D-03
MR E YRR S T RE A BT
R A

FA LR AL S 36

LT ADYE T S R BURE BAL S 2 AU AT DI BRI, 2 SARPTRHE s I A1
FEL T A AL DA B 70 R HE A IR 2 SR T o 4B AR AE T — AU 75 B DU S
AR T AT EEAT R AR R I L AL A g S ARADR MR I L SRR U A
PERLF T T AR, BLARRSE P IRPE RS . B R ai B M A AR EE

D38-3-A-01
WIS AT A HB SR TR P R4 Sk ik
BU AR
IR R

RGP T2k BB (S TEN) 5T mpedits, RS S i 5
4 DUV 55 05 B SR B A 2 A B SR THT 2% 5T 0 5] AR 2 e e MRS 1), DR e VT M DO T G
2DSCs. FATIFR 7 —Fie] LGS P 7Y 2= ARk AT o] DUMHZ (045 2% 07 % B 7E B F 52 — Ak 2
(1L-SnS,) 55X ffitbAs (2L-WSey) 8 EA I BIREHFHER 1 2 (B YU AR 5 S 4544 (VdWHS) . T it
B HE (Vgs) felgxd 2 18 TR 45 28 34743 RO, SeBL 7 i i 2 A Fi o 2 1 e K FL 4B 2 A PR
B2, P37 fik 1491014 om 2 FOME R 4ER SGRIE . ma ORI p A 2D SRR IR DL AR S
e, HARACUEIREEAL PR (RC) KA 0.041kQ-um, HE FAHERZE (lon) &ik 2.30 mA/um. XLEHL
72 SCHRHRIE T AR Al R

D38-3-A-02
ToHl Au6Tel2Se8 BB IR Faaih i B F 58S
>
PNy NE S

PR EI AR CRRE Rt 58 (SUB SN, WwEETF RSBk EE S
(SC) MBI 281, BT HMFS & EEEGE T B2 M EAA LR, MBI . AR
W IR HATE & B AR R TR AusTenzSes (ATS) HRBILHIAE SULAF 1 — 1% i HA HL A 25 BE 9% (c-CDW)
5 [ # At 4@ (anti-polar metal) /5. 7ELEIERE B, HSIX ST A P 578 BRI BLAE S (SC) &2
HITEALE], s — Pl Ref B A Rk YE (ferrielectric-like) Y FLfRF AR T4 .

D38-3-A-03
AAEES T IER AR RL S R T
X e*
T AR R [ Bt e 2

PP LISV SR — R AW 2 R G0 R R RGBT R S, T8 T ARG FALR s S T )
BA, PTSRIUE BT, AR RRRIIAE, REAER. BT AR R A CAERD R AR 12
MIE T . AR, BUA B TR YRR RSZ PSR B T i K, AR E R, BB

11



H E M KK £ 2025 D38. EHLG I fe skl

BATUIRER R TTERAESECE IR VR MRS . AMEE T AR B T RSN NI T, AR
TAZB AR ) —VERIRS e . BeAh, AENAPRLEAG HER 7, AIERS TiTRe vl SRR G, A8
BlmERE . ZIVREIZPL A, EMEI ST U P A IR I A AR TR J1 . AR R e a1t
FAFRIBEER, N GAR RN T AL 78 —4EEL CulnP,Ss 1 AQCrP,Se IIFHIZE TR AT TH 5 28 F 4
VERISI, BB RIIFEIRIE. ZEFENTHE. RGN, BB Tl

D38-3-A-04
“HMASMEE KU, R
RS X S B 1
1 AR B
2 WSO TR 5 TR
3 Mt

PAZBRALER (MoS,) AR —4if SARMRER A T 7 RO AR RIS« veniE i 2N R Ji o 5 o 4 Flk
SERF L, RO JE R IR SR 1 L S D RE AN S0 TR AR T AR TR T S KRR R i B ) — 4~ A ]
PEANIER %, A2 SEBUARKEE BN F R 2t . FElSe B IR, R AJFRE T RSB TAE: (L) Bt 17 kA
W E AT AMERT R, & R GBS AR, fEEPR BB RS 2 9555 MoS, H b dMEf] . (2) 42
H T AR S B R R AEA R R B 5, SEEL T BRI SRR A BE SR AN E ) o,
TR SREXZE MoS; RS AR E PR . (3) $R ISR SRR FIAME SRS, SCHl 3R
HELRIIZ )2 MoS, I AMEA K, BERE T BhEEAE 3R M 2H TEAZSE S RE h sk g AR, JRZR T 3R HEbk
Pk PR R R P AR AR R

D38-3-B-01
AR BG4 B E R
¥l

] B A K

SR LA O R MR, S E R R R A SR A R R AR AR T RE T — SRR A TR M
B, BT SEIA IR IR SO T A AR AR EUS T B, I T R B . I RE
EN IR PERE . EAFIERE, BB ASATEM TR (EU Graphene Flagship) Ff s 4 't L T4 RGO A
VBRI I B L) — MR T 1), 95T 2021 235 7 2000 J5 BRGS0 (IMEC)
EEEW T %S T 24k (2D-Experimental Pilot Line), FLEIJT A& M 1A T — GRS HA BIHE KA %
FRR DD FEREIE A A SR AN ARG B TR O Fr o AR IR T K 2 B A B B 2 SR T A
o A BATE B PRAT 320 T4 TR A U . A 38075 R 1) 85 0 41 R L A 104 5 A S50 ' PRI 88 5 B 2RO 7 284
T, R R R AR R AR B LR AT R

D38-3-B-02
ETEMMRHESAESM 5 RS
JAFEIR
R 5 RHOR

BEE R AU Bt e R N IR R e, i AR IR B RE RN T SR T R R R fEAR S
TR IR 220 % CMOS BRI R GEILIE RSt BIG AR S A H n MR 7y B 280 T B0 3B IR | wfig
FERE. RN, HAEGEMEE. 2 Dhae b SR BE R T Iz T NS B R AL b B SR AE SR A3 5
TRV EERE 7o TS — AR B N TS SO AR I S —Re s A Rl b )y 2 G 1 JE 5 AL B B e )
AIBIRAZE, MTIIRTHERRCE L . tH R SRR AR R AT RS A F it B BT . BRI AN
FSEILRE ZANERE, RS0/ 410 R & FHALSE 55 38 FIALoE (IR — R R S 281 5 R ST ot 7t it
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J&.

D38-3-B-03
e e Lo X AR — 4 B ) R P
RN

TR

HETJUER, DA, B e R ki SRR I —4ERRAE SE AT ORI &1 I 55
JTHIECR TSRS . YRR SR, R UMLK, MERTER . RN EA IR A B R RN R
JEHMAR, FrPAER T SER P AESURAT AR R I N BT . TR T, AT AT DR TR
(HXT T AR AR RS 0 7 RE DRAIE A5 K0 vt it JSAT vey 2 24 o AR P51 A IR SR T I 2 HE A
S LR AR TR PR A AR I 1 AT

D38-3-B-04
ETHSRAEREA TSR
gR oG
AL R

T PR 18— A R A R Do 201 8 ) R T R X R ) 288 S € (1 B 2 0 A R AR OR L T 2A AR AR I T
FEMRIEM L. — ARt PRGN 5 IR BATT > i E N R SR . T 4ERR
MU, —AERDRHI S R /- T A il B 2 R B ™ BN SR ET FLRN A AN S P (1 i R Ak 5 220 AN
Al FAEGE AR, 4 RAPRE T UL 4y fite - S R g ARt A8 & i, R Rk 4t
HARF R P I &R IR BRAS . B0 L R, IS+ it ey e A B jl S SR R SR 7T, A
HEMBMA RN EAE I R B A AR RO SR, L T R 4R D ek Bk
WaPE, W T SR L AR SRR R A A L AMRI AR A A YRR R R A AR R
FE A ZHERT R SR AR, BRI T R M RN AR, S T R AR TR 2
MRASE I RIESRT, B0k 1 e R RS i H e T A B R 7

D38-3-C-01
BT R M B A B B
Rz
Tk

BV REARER. BTG G RAREE RIS, 2B R P S SR R I
RO B2 — . SR, BT RGNS e R, TRER N AR R as P R . AL
SRR TR, Sk TRMEE ST BRI HI & 7 m i SRR 7Rk, Jfit—bad it E T A
AN E A SRS RO A RO, #l& I TR E T RSO SO TAE MR R A 4.

D38-3-C-02
A (B % — SEATRL 7 TR S O RS T 25
b
PN

THMRMOE TSR RS BRELA. B BRARSE, BRRSE TYERDREAE DLSEURR E R DD RETE
R o —4ERpRhE BT U % R AR ThRE i e e i, REm e T —ATh e, BN
ARRAE A1 A S A L P P B R JR 5 o S R R A A S8 AR . N TR ChBND AiEAth —
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UEMSRLEE SRS BTSSR 5 BT 45, AR AR T, TR FRES. REETERYNL, 2
HLEAN A PERE -

A AR EE RS TS R R R PR BEOSS T ERA SIE . BN W IES R
EYIREERDTE, RIS T HER RS 2 A% il [ 2 —4EMPRNGAE R R IR ES IR Sems,  —4EpP R s
FERE I AT T AT AR hBNL 4B SR IR BRI BIRSE, JPUPPIRR T 4EM
RGBS 5T 45 )78 R OR G A FL % (1 2 PT RE

SR
[1] G. W. Yuan, et al. Proton-assisted growth of ultra-flat graphene films. Nature, 2020, 577: 204-208.
[2] Z. Z. Zhou, et al. Stack growth of wafer-scale van der Waals superconductor heterostructures. Nature, 2023,
624: 499-505 (2023).
[3] H. H. Lin, et al. Growth of environmentally stable transition metal selenide films. Nature Materials, 2019, 18:
602-607.
[4] G. W. Yuan et al. Nature Communications, 2023, 14: 5457.

D38-3-C-03
Mt 41-5d BRIEAOGTEE S Hii R 1]
Bk
LR N

i L R e A L B R v (A R FE P s PR T e A RL 2 —, o, #5285 1 B9 T (Eu2+/Ce3+) A
ARERMFOEIEL, IR 46-6d L7 BRERFVE, BATRBOCRCER . JA5 dr Al il A ST, eI
8RN SSESURA G2 KN AT . JATSREAHC I NI — SR iT 7, & THit 4f-6d BR
EB T RIIANFE B IR LR IR T AR S RO RE R NS, ES) TR+
FOCHTRHERE = s OLABOE T s« SR IR AT IR R BRAR S5 T8 A S

D38-3-C-04
B PABT A RS HERERT T

XAV MG, P EE
o R e ) R A A LT

BRH R AR BRI SO IEOR AR AR T R DU O 7 G L BE K — SR A AR RE, X HOI K )
TRNERFAERL 2 8 P A L B S AT SR 0 e LD RERI R AR o o) m 4% & O H v BB AR I I ek F S A T 4
BLE 2T AT ) — D REEER B R R, R NREDIRE T R AR B it 5 AT
B BEELARRSUIT: 1 BRAE PR RG] $R PRI R R AL M e s, KSR T
ST N BIRIE € o AR A SO R BRI (] b, R T R IR IR s Bk B R R R 20 Bk
HLE ALY RGUs RIS THROTRE. B TR BURSETBL Y 5mBRI ( Ar PR, @S T
r PERE R R R AT S RO 3. BRHSR RTINS TR R, IR T
WACIREN T IR TR, B 1B AR AL 5 G R PERR £ ) B B R

D38-3-D-01
T8 MXene F} T Rl RV ) 25 SN
S S
VU TR

T4k MXene MEN—RERBRILY). BN BREMY), FAMSE

B}

- MR R, T
14
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SR B AR TR MR, AECHL REIRSE U M AT St HAT, MXene MBI & 752,
AR H B AN B ALE S fih 31 1) 26 — 4 MXene SOEHFIBE FUHERE , VELIRRNT 1 % 5 BTl i%: 1 % MXene
R B & MXene VT BEA, BRHY T IAREE T b ERI DO K MXene il % SIS . < SRR S
i B v R0 e R B 4% 22 il MXene; BT Te %Ikl %6 Te S F REM] MXene ARL,  IF SEELm Uil RE -

D38-3-D-02
Y C e S
%>

Hh R B A AT BT

ST 28 HER I 8 DR O TE Rty R L AT 40 BRI SR T R 5 T AR A, 2 O SEI s PR R
Fe i E EHRRR A . AW SOR RE RR R A SR 50U, RGITRE T RHERL, fer L%
BeiH 5 S BRI SRR 7T . Sl SN RGERD RS A B S AR R B Z RUBE AR, G o
TR T 1 BRCR SERRE 1, S T AT W BRE LD 2 rh 2D AN B SR i B it — 2B A R
[ F 37 S e A N, $RTF T SRR . S e b RO R SR e . ARAFAE DRI M N IR AU
A LE PRI A7 TR B L A VERE,  S0UE 1 HT R R R A5 S5 W AE R 2RI BT I AeE TAERIRE 1. AW LT
G RN AR MIVERE ST HESAERAL . vy RS 5 B REC RN R G 1R FE TR AL 1B BB A S BR
S

D38-3-D-03
TEN T R0 B ) — SRR A T E 58 R
PR
AL Ht 3 TR

D38-3-D-04
ZHTIREAPRA TR
thip e
Slne: NN

A R EE R A AR A8 S AR — 8 56 0F T (R FE . TR0 A S8 Ak),  He iR i R A O,
M T G AR SE R RE AR DY oy — R PR GG A R o Al AR SE R AR AR S e 1 W5 A 0 S SR LA F AR A
W FARAR I REAT B RN T A (RS ANE Jr R B A o 40 AR S A A AR AN U RT DAS S A4 R
Mt AT A, ORI TSR AR S5 S TEZ [ 5C R P20 1@ AR . AN troR Bl S8 — 4ERRE A 1 R S 1
FHAZ, A AIAIASHLER I DA O R S HEAT 4D REAT R0 i [ ) 4%

D38-3-D-05
BT ABIR TS KR S
K] Gt
R k2 Bt < R T T T

TENBURE R BRI, SR B AL O oo —— R W] 0 e e R R, eSS R A 2h
REARTRE PIRE . BB R AL SRR A R R RE N JA BE /R IR, A RE AR D AR 42 ) 5 3 L S T 55 U7 T T 1 R
APERRR, Bl AR TR, ZBUREBINTTFIIATLIR, ARG E BT B EE IR 74E 60 mV/decade
HIEIRARER , 3 SR A TAE A DIFERFEXE DL, ON 2 2 1l L i B PP AR T (0 OGBS AATASK,
58 HE X R T BRI [ O PR, A% 0 0 PR 1Y) P AT 2 AR AR X LG A2 6G 3815 AR A 24 2 A A
AL OFT R G HOX L R KL o SR A8 I R 12 AT 80 T S0 B 08 5 ok, 3
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W Kz SR B R S R T SRR RE AN ThRE . I, RBHCTHT SRR T s B IR $1 o K
J B — A It B b AR B SRR R R 2 — o BRI T RT3 e W3 = T T S T, Ik
R R RS M S PT B RE, ARBBUR 2 SWIRAR R - PATS B F s ft 7gs. Tk,
AR A HE R EN S R T IOR OB S AR IR T T S, SEE R TR S RE AT RS AR 4
IS T — RPNV TR AHLH H R SRS D B RAR RN, B T MR A SHUE], 3T
A K28 A ) (ke -4 8807548 5 A% (Nature Commun. 2019); 2) JEid Rk Pk, @57 1 1E
SRR SHLE], 5T IR IL 9.8<10M6 Jones FAIFE R BN i 45 i A ( 4Egi b femi{i) (Nature
Commun. 2021); 3) EFE G R FIHEN S WO, AL T 2RO, M T ARSI, Sl
7 0.38 mV/dec [ IV 5 4B $22 M C T B A /IMEL )« 126 FRIUEE 2 FRLAL b Oy 38075 25 B v D N 22 32 4 L % (Nature
2024) . IXUEHE TR N I EE AR B AR R LT B S R G2 IR T A B T I (R ) AR T T
BT AL BT

D38-4-A-01
BB BRI R R T
E
RN

T ) BRI AR B M BEROE LSRR U T /DAL L ARIIAE S B REAL i et , W75 iR )= - A
MOBME IR 7 eiiiE T2 R0t N K 2 4L ESCBURM . JRIM, gt P AMBL 2 IR T mis
A R BERE . L BOCHLFI I TERERER, LUK 7P SLARAF ORI R G RERAAE, M ASCIE Ve RN -7 A 1T
S-S R A S5 2 AR S U R P2 I R 2R 76 3K

BEXF LAk, A NTEEE L) AR R TR R G AT T, AR R RFAE 5 My
B, A2 T 38 - F LA - A R B R B B = KA O AU S BB B I T, BOoe | 4B RS
JRIE DR R S OF R BRI, TER T 2R QU CR, D9 )m BRI AR BEOL Ha - AR R
PR B e Bl 3. JE 4 M1k, JEEFR SCIE L 100 25 o JIE FAE L (L [ED i@ A # S 4376 Nat. Mater.
Nat. Commun.. Adv. Mater.. Angew. Chem. Int. Ed.. Nano Lett.. ACS Nano. Light Sci. Appl.. Natl. Sci.
Rev.SE 11 B A RIRC 56 4, FEFZMIETKT 10 BT EA R 30 5.

D38-4-A-02
AT — R B AR
P >
FEIRIE K

EGA ARG, LR WAEFIAL BB IT B 7 5 BT R E MR EAE D . I [ ZE IR FNE A
T AR o NS P AR A b ANV B ()45 B SR G RS S, JF A AR REFE . A\ R i Fof
5E K R AR P 8 AR KRR BE AR T 40 X B P S A v 45 DL SR R I AL i Bz J2 BT T B 93 S 254, B R
JE 22 0o R P B AL B BRAT () v A1 BT AN TUAR B SR AR 4 NS BAL 3B 45 KIN AL B2 2 HEAT B i RS R
AEFE o SZAR A BRI A S AR AT AT T HE S A SR R o R PR R o AR S g IR
TERAEFIN R BEDUE T AR5 T FIHEAT (5 B P4 B T 66 AR 0 JEE 25 (A et Fg 0 45 Bk Fl ot ey 3k
F, 37 1 45 1) EL A SUURR A T B A D' F e 7 PR 7 PN B B — R 23411 [Nlature: Materialls, 22, 1499 (2023); npj Flexible
Electronics, 6, 16 (2022); npj Flexible Electronics, 7, 29 (2023); Nature Electronics, 3, 43 (2020)], W F#&GH
Wi J37 [ 4 8% N i 4% i 23 2F [Advanced Functional Materials, 31 (36), 2104327 (2021); Advanced Science, 9 (15),
2106092 (2022)] K13 T8k i 2= 44 1) ] =04 )% fL 23 F[Advanced Functional Materials, 34, 2313010 (2024);
Nature Communications, 13, 1707 (2022)] VA J2 B AL BA7 55— PRSI A0 5 77 T AR 82 FH o
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D38-4-A-03

4 SR TR A S R AR T B A
T
R

Y SR RLR SR B AL SR, O HEL R TR B RN I 45K S BLA TR In T T Z AR
AHEBOvH—AARPERE R BLSE ., St RSN A % Okl 2RI, HRlaE s A E 2 R
SR Y AR AR HES 2% AT B T O AR R A MR ER L3, BN LA 4
HRN BRI SR B I SR G KRG, BB 71U, PR TSR, RITEZENE
i B R 4 AR TMDCs B3 (RT3 % BT TR 8 M 5. [ S8 e 1R RE BT I B8R F rh oG B
L AR BT AT CE BRI B R T FERIE T . & Bl 17 il RS 4~ 4k TMDCs 488 FF 57 1 8k
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D38-4-D-03
Crystallization behavior, phase separation and fluorescence properties of lunar-soils-based glass-ceramics:
Effects of Eu203
Wenjie Ge*

Shanghai Institute of Ceramics, Chinese Academy of Sciences

This study investigates the dual role of Eu20s in modulating crystallization kinetics, phase evolution, and
luminescence  performance  within  simulated-lunar-soil-derived  Si0.-MgO-Ca0-Al:05-K20-Ti02-Na20
glass-ceramics (SMCA-Eu). Our results reveal a non-monotonic dependence of crystallization activation energy
on Eu’* concentration, decreasing from 343.42 kJ/mol to 310.01 kJ/mol before partially recovering to 318.43
kJ/mol. Concurrently, the optical bandgap narrowed progressively from 3.54 eV to 2.65 eV. The Avrami parameter
(n) indicated a surface crystallization mechanism, consistent with the identified crystalline phases of CaMgSi2Os,
(Na,Ca)(Al,S1)40s, and Mg2AlLsSis01s. Microstructural analysis via SEM/TEM demonstrated that increasing Eu.Os
content drives phase transformation from (Na,Ca)(AlSi)4«Os to CaALSi20s and Mg:AlsSis01s, mediated by
spinodal decomposition between Ca-rich and Si-rich domains.

The optimal Eu-0s doping concentration was determined to be 1 mol%, achieving a fluorescence lifetime of 1.909
ms. Post-crystallization enhancement yielded a 2.11-fold luminescence intensity increase at 613 nm. Notably,
even under limited crystallization conditions, high-concentration Eu® +-doped samples exhibited fluorescence
amplification through phase-separation-induced structural tailoring. These findings establish SMCA-Eu
glass-ceramics as dual-functional materials capable of efficient red-blue light emission (CIE coordinates: x=0.62,
y=0.35), with direct applicability to spectral-engineered plant growth lighting systems in self-sustaining lunar
habitats.
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D38-P03
Molecular Crystal Memristor
Lanhao Qin* Pengfei Guan® Jiefan Shao®,Yu Xiao? Yimeng Yu®Jie Su®,Conghui Zhang®, Yanyong Li°,Shenghong
Liu',Pengyu Li*,Decai Ouyang®,Wenke He®,Fenghao Liu? Kaichen Zhu® zhenpeng Yao* Jinsong Wu?,Yinghe
Zhao,Huigiao Li*,Fei Hui® Peng Lin® Mario Lanza®’ Yuan Li* Tianyou Zhai**
1. School of Materials Science and Engineering, Huazhong University of Science and Technology (HUST)
2. State Key Laboratory of Brain Machine Intelligence, Zhejiang University
3. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University of
Technology
4. School of Materials Science and Engineering, Shanghai Jiao Tong University
5. School of Materials Science and Engineering, Zhengzhou University
6. Physical Science and Engineering Division, King Abdullah University of Science and Technology (KAUST)
7. Department of Materials Science and Engineering, National University of Singapore
The emergence of memristors offers a revolutionary solution for achieving in-memory computing at the
hardware level. However, existing memristors suffer from the inherent channel materials damage during cyclical
resistive switching, rendering excessive energy consumption and poor endurance. Herein we contribute an
innovative Molecular Crystal Memristor, of which the representative channel material, Sb,03, possesses a unique
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molecular crystal structure where molecular cages are interconnected via van der Waals forces. This distinct
arrangement allows for the migration of ions through intermolecular spaces with minimal energy consumption
while intactly preserving the pristine crystal structure after cyclical switching. Our Molecular Crystal Memristor
thus exhibits incredibly low energy consumption of 26 zJ, with prominent endurance surpassing 10° cycles.
Moreover, the memristors consistently demonstrate reconfigurable non-volatile and volatile resistive switching
behavior, within a wide device scale from micrometer to nanometer. We also demonstrated their scalability by
fabricating massive crossbar arrays on an 8-inch wafer. Finally, we realized the Reservoir Computing functionality
on a single CMOS-integrated chip made from our Molecular Crystal Memristor, achieving 100% accuracy in
dynamic vision recognition. These breakthroughs herald the practical application of memristors in non-von
Neumann computing architectures, with the potential to reshape the future of computing technologies.

D38-P04
Optoelectronic Synaptic Behavior and Performance Regulation of In-Plane Anisotropic Two-Dimensional
Ferroelectric NbOI2
Decai Ouyang,Yuan Li, Tianyou Zhai*
Huazhong University of Science and Technology

Vision and tactility are regarded as dominant information channels among sensory modalities of organisms.
Emulating these two sensory functions holds transformative potential for developing advanced artificial
intelligence (Al) applications, imposing high demands on artificial hardwares to achieve in-sensor visual
processing and further multimodal fusion. To meet these requirements, we engineer two two-dimensional (2D)
NbOI2-based optoelectronic synaptic devices.

The first innovation is the demonstration of a time-stretching anisotropic synapse (TSAS), leveraging the
in-plane polarity and engineered photoresponse transient of 2D NbOI2. By exploiting its polarization-sensitive
synaptic plasticity with tunable anisotropic ratio, we establish a feature fusion learning framework based on
in-sensor intensity-spanning processing, achieving accuracies of 95.41% on NWPU-RESISC45 and 95.39% on
MNIST.

Second, we develop a piezo-ferro-optoelectronic (PFOE) artificial synapse for visual-tactile fusion
perception, enabled by the in-plane piezo- and ferro-electricity of 2D NbOI2. The device exhibits more sublinear
photocurrent-power dependence, enabling in-sensor processing and recognition of fingerprint images containing
multimodal features, achieving 92.08% accuracy on SOCOFin.

These findings establishes 2D NbOI2 as a desired material platform for multifunctional neuromorphic
devices with information processing and deep multisensory integration.
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