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Abstract: Metal oxide memristors have garnered significant attention in fields such as non-volatile memory, intelli-
gent sensing, and neuromorphic computing due to their wide material availability, low cost, and compatibility with
CMOS processes. However, their practical implementation and application value remain constrained by inherent lim-
itations including substantial threshold voltage fluctuations, poor switching stability, and inadequate cycling endur-
ance. This paper employs ZnO as the resistive switching layer and introduces a 2 nm-thick ultrathin aluminum oxide
insulating modification layer via atomic layer deposition. This effectively regulates the growth and fusing process of
conductive filaments within the device, significantly enhancing switching stability while elevating the current switch-
ing ratio to over 10* and markedly reducing threshold voltage fluctuation. Under voltage bias, the device can simulate
biological neuron characteristics such as integrate-and-fire behavior, self-leakage, and refractory periods, with igni-
tion timing controllable via voltage pulse amplitude. Furthermore, irradiation with 365 nm ultraviolet light further re-
duces the threshold voltage and shortens the ignition time of the device. Leveraging the opto-electrical co-regulation

properties of the device, a 64X64 memristor array was constructed to successfully achieve feature extraction and
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sharpening of optical input trajectories. This research provides an effective strategy for advancing neuromorphic com-

puting.
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Fig.1 Schematic diagram of the memristor structure
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Fig.2 TEM characterization micrograph of the memristor
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(a) I-V double-sweep characteristic curve of the Ag/Zn0O/Si memristor. (b) 10-cycle cyclic double-sweep stability of the

Ag/Zn0/Si memristor. (¢) I-V double-sweep characteristic curve of the Ag/Zn0/A1,04/Si memristor. (d) 50-cycle cyclic

double-sweep stability of the Ag/Zn0/A1,03/Si memristor
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tor. (¢) Integrate-and-fire characteristic of the Ag/Zn0/A1,0,/Si memristor. (d) Set-reset cyclic endurance of the Ag/Zn0/

AL,04/Si memristor
AL T R A R A R R R A R ik e
AR TE T 2 A P L AT 22 (CF ) 19 58 B T B
o 15 % 10 DA B AS (HRS) 1] i BH 2% (LRS) % 745
5(b)  (d) 7R T P Fh 28 1 1) & 57 -2 A5 706 B T
AN TEFFEEE R MENN V. 5 Viewo HE B3
FAZE ZnO A2 BH # 14 e A B 2 U0 48 2 M 22 L 106 BR
ifit A ME A AR 5 1 AL O5/Zn0 XUZ S5 2 B 25 AE H &
A FEAE T R I S i AR Pk, S AR BELAS U
B, H RS EMIF .
3.3 ALO/ZnO N EZEMIZEFBHABHE T
M BE

Ag/Zn0/A1,04/Si 12 B #5% #E A [ Wi {5 1) B & Jik
o TR, kR 2 B ) A i X, i E] 6 (a) L (b)
Jr 7, BEE HL K p A FH ) E] 60 ms, [ B B [H]
90 ms, 525 16 60% . 4 HL K IE(E R 1.5 Vi,
PP R BRI 29 13,36 s, T Y B R INE 1.8 V
F, RS PEER R I TE) 29 4 9. 12 s, 3X 6 W 28 1F 1 48 &
ik 1) i % M 1 A R (L 45 . IR AN, Oh T R %
PEIY B 8 55 0 B RE Ve TR A 1 R i i i 2
JO ek A0 S AR P, TRl L WL 2% e B g A 8 B

R S e AR B A) Y SR B0 R R A R
TR A8 2 A A R IR 1] R EOR A R RE 1, aniE 6(c)
FioR o B 6(d)Z5 R, 76 28 5 B RS IR
5 252 it o K o R AR SO IS 2 BAT IR R F
W LA, JT AR — B ) S 4k 22 s . X — E
PEAT Ry AT DUBE 8L 4 28 50 19 R 1 309 R ik — A B
TN T AT Y RE 2R

H1 T ZnO #4841 58 A0 6 0 SRR PE | 7 2B G A
3% M 365 nm L ANE (OGR4 5N 0. 31 mWeem ™,
0.65 mW-cm>H10.97 mW-cm™) i IR 5 R, 9 3%
TSR VSRR R 7 () TR o G5 H R 1E
AN RRG R S84 0 B R A TR AR X R
U85l R A 25 4 P9 0 48008 - vk BB 48 T, T
T TS H A 22 F T AR, HL A F R B DG 5 R
BRI RS 225 ,780.97 mW - em™ 1 365 nm
SHMEIRG R MK T g Y R G R i
(49 A0 P F S Dk R (AR 1.2 V1.8 VT2V,
WE 7(b) . (e) (d) A, /] LLE 38 1F 0 a5k
H st i) B 8 4R L X R A T AR O



520 S A T %47 %
(a) (b)
o[ V0w 7 60me (60 0 v 0me T, 60ms (60%)
2 15V 18V
1 - 102 F
CUUUUUUUUL | A
0V Fire in 13.36 s 1057
< ek < o Fire in9.12 s
£ s 10*
Z 1051 E o
(&} S 1073
106 | Integrate Integrate
_— > 100 — 5
107 +
. 10”7
109 L L 1 1 107 n | 1 1
0 5 10 15 0 51 10 15
ils tls
(©) . ()
107" F 2V VI‘“““'_IOO ms Tilll«'l‘\al:loo s 107" | Vpul«»:lgo ms Tmnmdlzlzo s (60%)
102 02+ =
0.1V 1 |||||||||||||||||
107 £
0v 0V = =
~ 10+} « Fire  Refractory period
= Fire = 10
£ 105} ‘ E
B el
100} 5 10
< Integrate = 106
T —p I . g:
107 Self leakage Integrate
—_—
10 1 L e
100 F 16:¢
L ! ! . . . 10 1 L
0 5 10 15 20 25 5 10 15

tls

t/s

El6 (a)~(h)Ag/ZnO/AL05/Si 1 FH 25 () B3 A Rtk Bk vb o = 43591 1.5 VAT 1.8 V5 (¢) Ag/ZnO/AL,04/Si 12 BH 25 (1) F ik

FEEME 5 (d) Ag/Zn0 ALO,/SiAZ BH &% 1 A 137 3 4k

Fig.6 (a)-(b)Integrate-and-fire characteristics of the Ag/Zn0/A1,0,/Si memristor with pulse voltages of 1.5 V and 1.8 V, respec-

tively. (c) Self-leakage characteristic of the Ag/Zn0/Al,04/Si memristor. (d) Refractory period characteristic of the Ag/

7Zn0/A1,05/Si memristor

3.4 HERERE

T Ag/Zn0/Si Fl Ag/ZnO/AL04/Si 12 B %% Ft
T Y 22 T Al -V S RRVE SRR 3 B R E L 43
BT XS TAEPLE] . Ag/ZnO/Si N T £
TCA R TAEBLE AN 8 (a) T/ o ZEWD R RS
an N ERAEAE A el L B SRS A, T AR R T
G20, S AE TOU R AR bt T R (1) B AR 2
YA Ag" IR A T 0] T AT B 2 IE AR
HL A A, Bl TS Ag 70 IS & F A A 45 3 L 5 B 0E
MY BUER S L4 22 (CF) , 5 UL R, B T &
AAHLH] (VEM) 1 &R & 1 7 A8 48028 0 78 Ah
Tl F 37 1 T 32 ¥ 2R 4 A TP v B RT3 , O il i
ARAE AL F AN 22 (CF) 5 24 i B HL R % 7 K
IR ) A% F A R i) L B CF R4 %8 i CF AH
AR IE ML B CF 388, 4% 7 N HRS #% 72 f
LRS; >4 75 T3 B b i i — 22 19 97 v fl 5 P S 1)
Clil ), #F PR IR AR CF 9 R Ag i T 24, 3 3
PR S S FL 3 T AR IR, 17 DN LRS %78 S HRS s i %5
1w g LB A A7 22 4 (v ) #4441 5 v 40
22 58 ARV s 24 NN — YR (W) MR R A9 IE 1) L

FAHEEF (v ) 2840 PR 0 AR S H 0 22 R AR 5 0
FEL A 22 P R AR A 5 T R R S AR e A 22
SEREALAE BUAT (Vi) , 4R FE 40 22 (T8 LA 8 A
— R E AL (SET) ik PR —F, X F S o 48 22 1) Bl
HLAE B P 5 30 Ag/ZnO/Si 12 BH. 2§ 19 R4 9 {1 H,
JEUE B 2 IE A R E M 25 . Ag/Zn0/AL, 05/
Si 12 BH 28 19 T AEHL K A Ag/ZnO/Si 12 BH 2% K FAH
[, DX A F ok B Civ ) Hs i TR AR 4 2 2 10 47
P, B i VR B AR A 22 AN 45 58 A IR
M 2 75 AL 50 2 IR R 4% B A o R 7 L 78 F — K
TE 0] H R A IR 5 N Y B A 22 DL AR R
BRSO SRS A K R 5 A A L A
i AR 4 N HRS 748 o LRS™. B L, 4 A
F14) 8 0 R R 440 5 2 T A S50 4 i 1 P R 5 v
2 B W 5 A T R AR T A R RO B 2R WL
iAo M TR S 2 AR R B . St
Ag/Zn0/A1,0,/Si 12 BH 5% 7€ 365 nm %5 7 6 G
19 TAEBLE an P 8 (b) BT s o 76 2% 14 4 i it i 1E
] F, s 28 ARG I, pl T S0 A0 B 19 55 A0 O IR
PE 6T BB 2 B A B RO 7 A Ol AR A



53 SRR B, e TR AR AL 6 A G AR M R AL B & i s Al 22 0T 521

(@ 103k (b) 1072 Voltage amplitude=1.2 V
{04 107
10+
107
§ 106 | § 107 Dark  ———365 nm
g § 10
3 Set E}
S 107 F &}
107
108 | Dark 5
——031 mW/em? 10°
1071 ==0.65 mW/cm? 10
=097 mW/em?
-4 -3 -2 -1 0 1 2 3 4
VIV
() 10721 Voltage amplitude=1.8 V (@
107! _ o
10 Dark  ——365 nm 10%F ——Dak ——365am
= < qoel ﬂ ﬂ
3u W T
: L)
o 10 o
10—6 -
7 I I
10 L 0k
il N
10° 10+ VVYVVYY |
10—9 1 1 L 1
0 2 4 6 8 10 0 2 4 6 8
tls tls

K7 (a) Ag/ZnO/AL04/Si 12 B 75 75 B4 1 K ANTR] 365 nm 55 AP ok B B T 19 1-V 451 5 () ~(d) Ag/ZnO/A1,04/Si 127 B %% 1€
LSOOG BB A R RUR Bk R A2 500 1.2 VL8 VA2 V
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(b) = (d) Integrate-and-fire characteristics of the Ag/Zn0/A1,04/Si memristor under UV light irradiation, with voltage

pulse amplitudes of 1.2V, 1.8 V, and 2 V, respectively
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ing mechanism of the Ag/Zn0/Si memristor. (b) Operating mechanism of the Ag/Zn0/A1,04/Si memristor under ultraviolet

(UV) light irradiation. (¢)Switching operating mechanism of the Ag/Zn0/A1,05/Si memristor
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Fig. 9  Application of optical input trajectory feature extraction based on optoelectronic memristors. (a)Schematic diagram of the

64x64 memristor array for optical input trajectory extraction. (b) Schematic diagram of resistance state switching of the

memristor under optoelectronic synergistic stimulation. (c¢) Light irradiation trajectory input to the memristor array. (d)

Output trajectory processed by the memristor array
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Tab. 1 Performance comparison with other jobs

Device structure Set voltage/V Fluctuation range/V On/Off ratio Peripheral circuits Year
Ti/Ti0,/Hf0,/Si 4.0 ~1 <10 yes 2020
Ti/PUNbBO /Ti/Pt 2.5 >0.5 <10 yes 2022
Ag/STO/Pt 2.0 >1 <10* yes 2023
PUNbBO /TiN 3.0 ~1.5 <10’ yes 2024
Au/In,S,/Si0,/Si 6.0 ~1 ~10 yes 2022
PUNbB/NbO /W/Ti 4.5 >1.5 <10’ yes 2023
Au/Ag/Cs Sb,1,/ITO ~0.15 N ~10° N 2023
Ag/ZnO/AL0,/Si 3 ~0.5 >10* no This work
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