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Abstract

The brain-like neuromorphic network constructed by memristors has attracted wide attention due
to its low power consumption and efficient computer architecture, and is also expected to break the
limitations of traditional von Neumann design. In this paper, an artificial synaptic device based on
Zr02/Zn0 heterojunction was prepared by RF magnetron sputtering technology. The device can achieve
typical synaptic behavior, including short-term plasticity, long-term plasticity and paired pulse
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promotion behavior. In addition, the convolutional neural network constructed by the device has a
recognition rate of 96.6% and 71.1% for handwritten digital data sets and fashion clothing data sets,
respectively. These results show that the device has great potential in the field of neuromorphic com-
puting and provides a feasible method for establishing an effective neuromorphic computing system
in the future.
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1. 5|8

BEAE XS BAEE TR R AWTIE N, ARG « Wt S A4k R a5 CPU 1A A7 18] IS A% i
2 BN BRI AN e SRR 0 R RS 1] [2]. WFFE N AR TREIMATTIEAE 2 FE T RARThFE . B3t
VMR AR DX AN ) . ez b, M TE SR N T8 Ae ) B 2 ROBORIEAZ O B AR, A 1T e 28
LG B4R o NI ShAE R KL 20W, X — P BRI FAEY S fih, SAxic iz ) 26 EE(3)
[4]. TZBAAS S A FAMART AL, BATRT LIRSS TATR RSk SR SRR, “idE” X E B AR
b FA)iEYL, B RN I I O L PEIR S R AC 2 TR e B IR [S] [6]. TZPHAEE £ “& )8 - 4
GAk - Gx )7 I JE SE RGBT R B U L - A o XRE A e Ak 4 k2> R RS FH AN HEA T A R A
XATREA B AT BAE I « B0 2 B i BRI 7] [8].

ZrOy 1By —Fh B 567 BRI K S A% 10 kO R Ay, [FIRF, 4 Zeop fE R I ZER, B
I R E . AR BRI A AR T2 I S R I M RE, AEAZPH 3R A2 32 I 9% . 2012
4F, Lin 58 AR REREIRSTE 7 IAE Z MR E R 5T AVZrOo/Pt G5 FRE i i) 2%, I R B i = iR i
(1] ZrO, R P B e AR AR A B i, IMdEm T8 R, SR T R E M AT N A IR
FEITIEI[9]o GRS, 7517, FH 28 SO0t T X002 57 5 45 i FE B ANTE D3, 1 ZrO/ZTO [10]. Si02/ZrO,
[11]181 TiO2/ZrO, [12]55 . XV s A Fdar k. W AES . RIFA XS A . Ismail %A
R, JEISTE ZeO, R BN — Z N a-ZTO )2, S8 0F FL A R Rl ] 45 1) H BE T 9GRS i 1 A2 1) 5 f
(ITHRE[10]. IR0 RER 73 T U BHIF O, X R R A E M 2 TSIt s b o

BT AR ), A SCR WS IR SHE R % T Au/ZrOo/ZnO/ITO/Glass N T. 58l 384, I H T A4 9¢ fih
AT IEVEIR S A 7S o FL B RE R AT B M . A AT I I R et B R AT R [13] [14]. BEFUEE RN, JE
F Zr0y/Zn0 N T3 Ml 23 1 B RUFI Sl 280k . Ak, Fi% S b5 4% 4 S 1 25 B 48 W 28 (CNIND o
F- 5 B B G AN i IR A A s R RIR AR o IR e g EROR T BRATT A5 TN A A AR R A
2P 2% v (1) R 7T

2. SEEGER4y

FEA I TEH, BATIVE FH REAZ IR SHE 1l 46 ZrOo WEEAN ZnO R, IZhiil 4% 1 Au/ZrOo/ZnO/ITO/Glass
fCRAsaRE . Horb Au AN, ZrOo/ZnO 1E N AR, 1TO/Glass 1E A 1Z LA FIAS IRATR AR . HAR
DRRERRWT . B, XA RBATHEAEG, KRGS R E TR e, BE)E 2Bk Zro, HREA
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ZnO ., SEIGSHUN R ST ZnO R, 4654 99.9% ZnO 4T, GSIEN 45 scem, EFIHN 0.5
pa, SATIEN 60 W, JESTET (019 0.5 he XFT ZrO, HIE, 4HEEN 99.9% ZrO, #E4F, S #E A 24 scem,
AMIECN 6scem, BTN 1pa, ST N 100 W, RSN The e, HEESGENERSE
TR — J2 4 A 9 T LA

i F 43138 oL 7 BB (SEM) (ZEISS GeminiSEM 300, 2 [5)) 0 8% 78 55 () R T AR R T T 3. SRR S
1R SR BT A (Keithley 2400) A8 IFE i 19N T8 i 45
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Figure 1. (a) Schematic diagram of Au/ZrO2/ZnO/ITO/Glass structure; (b) SEM image of
the cross-section of ZrO2/ZnO film; (¢) SEM image of the surface of ZrO2/ZnO film

[ 1. (a) Au/ZrO2/ZnO/NTO/Glass £5#7REE; (b) ZrO»/ZnO ERIEHE A SEM
1%; (c) ZrO2/ZnO SEFRFRMEHI SEM Elfg

3. ER5118
3.1. SRHRERFMPET MR

K 1)y iz N Lo g5 in = B B 1(0)ATE 1(c) A ZrOy/ZnO Y SEM A A I A2 1 S -
MBI 1T LB B o) 2 B T T . SRR SE . e, TR . ZrO, MR IEFE 4N 435.5
nm, ZnO JEEEE 21N 192.2 nm.

XN LRARZSA R YL, 45 T HERkP e, M5 AE TR rE®, S0 0 SRR AEZN.
HARKAUL, TCFHARI F R AR T S Ak w5 M5, A a) D e 2 AL T Sk (o) Bt o R 20 0 . 2452 3]
ST, S AT DL s i RN B 8. S TS A . RIRE, AZRE A T LT ThRR S
HEL BT BB ERER A B, DL S BRI [15]-[17]. & 2(a) 9B E - HLIR(T-V)
Mk, MM EERTFEN R: 0 V=2 V=0 V>-2 V=0V, SZIFREN, ERERS, 23505 M5
FHAS(HRS)ZE MK LA (LRS), #RJ5IR [0 Bl LA (HRS) . BhAh, iz A RiFrfa et mE g r:, K
2(b)Fi7s, £E 1000 RAEIAH, HBAIFRIAEA N EER L b ARG, AT Au T AR
DI HERS, 7 B BT SO Ze0s JZ2 1 MER R ZnO 2, FHdt— PIT# R AR e 3 g 22 . [5]
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W, ST Au TR B, 8 1FIZ8HT M HRS 74558 LRS. HHRiH, 4% Au T0 HE ARt 6 i R B
HTAE TS ME S E IR, SHM2WmR., XERIRFEE N LRS #4224 HRS [12] [18]
[19]0 N TIRNGHBHAS MR AL SHLEL, XHEER 1-V iR THE— D 081, B 2(c) & 2(d) 43 % B
T 1E 170 i B HL A A7 ) i B EEL R RS W log(T)-log(VY B o WP 2(c) iz, 2 fE BIMTUEIR A HRS, M
BURES, HRS #1204 1.0, XJE TEE S EMH. /£ HRS B, FEN MR, X8y N Bk s 2 0
gk, R LIRS 5 SR o Bl I 0 RGN, B R T R A 2.3, IR R4S R
fif BR 1] L R(SCLC) ML o B i, 75 R HUR X3, REZR 314 8.4 A 5.4, SIS AT DA E 9 BB B S 78
T P 2% [R] PR PR FELUARE S5 FELDTLAR o 3K S R RO B A R TR (R 38 0, YE NI B I B BT R I S . A
P, REERSRIIEIN. %38 PE W B HRS #4854 LRS. fERE XL, RIRMEFRE 1.3, NG S Bl .
SHE IS it 0 7 R AN B4 LT 2Rk A BT ZrO, TR R M AR A 22 . &) 2(d) AR, LRS MR 1.3, Bl
5 TN PR (A 1 I B s 67 Ml L LR P AR 2 8 P R ok o 7 s fU P X3, RER AN N 2.7 A 2.1,
B2 2 0 R L TR T S R, 1% 4% N LRS #540y HRS. 5 Bl Tt 0N ) HE T SZ #T, Se e
BLHIEE AR R LA [20] [21]6
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Figure 2. (a) Single log I-V measurement curve of device; (b) Resistance of HRS and LRS in 1000
consecutive voltage sweeping cycles on device; (c) Log(I)-log(V) plots of device under positive voltage;
(d) Log(I)-log(V) plots of device under negative voltage

& 2. (a) SREFRYBAXTEL 1-V ME /%L (b) 834 LR 1000 YRR FHEEIA R AY HRS #1 LRS AY
EEFE; (c) EEETEHER(C) log(D)-log(V)E; (d) faEEE TESEEAY log(D)-log(V)E

3.2. SEHFHOEHASRAME RERT ST
R fih 3 12 9 P (CRAAN ) 52 S T AN — 22 e il o R A8 B 53 — ML TTHIE 5 R, BUR il
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W (5 5 MIRE T . WHALRE, AR F T DU 2 M S AdvE 2 o 0 301 5 fik o] 958 A 2 i ot B T Ay 5 fo ko o)
WU B AR, o GBI I Y R AR AR, n] DA R SR R 5515 5 A, XN PR R I 4% (1) B A YRR
G AL EE & 5C B #E[22] [23].

3 R T Aw/ZrOo/ZnO/ITO/Glass #4475 = ik Fi H F3 96 1O J 00 0 iR (STP) MR A1 il (STD) &%
Ro 0P 3(a) A& 3(b)Fn, M= MAEARIEA 2V, S4REEE =M s, BSRIEH A, Mk
H, MFRE—AF MU EER, SRR N, X5 A S M) STP A1 STD AHUESE .

N TR DR R I T Ak T A, KA 5 A — P [E R S R AT A . R Rk i (2 134T R (PPF) .
PPF B35 % S 1 P9 A 20388 SRR TR A8 4 [ 13] [14]. PPF 8 5 XA 78 S5 I8 18] A LA [ 3 288 () 7 824 T A
BRI SR L, 8 AR AR — AR IE SR BN AL B S S AL, FEIX L, R
ATTHEIIN AN ZE 2L (1) ok v i SR ABRAEL PPF . L rh, 7 e 3 35— U HL IR M o2 (1)) FH 28 YK L A I 2 (L) o R
N 3(c)fi7n . PPFindex HIA (1) THE . SLEG 25 FR B, Bl i (8] (R 5% 1124722 K, PPF index M 143%
I T RER] 9%, WK 3(d)fR. ARSEIRIREFEA 1 PPF 19470, ZEFEIFIA) A, (58 ) [A] [A] & e 39
TR Aih i 52 2T RIOZ Wk /D>, S B R A iz Pk 52 BRI 46 R7S . PPF 5 I [] ] B ¥ 0% 22 FH 5 F2(2) iEAT 90
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Figure 3. ((a) (b)) STP and STD effects of the device under triangular wave voltage scanning; (c)
PPF test diagram; (d) Relationship between PPF and time interval
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3.3. fRtFRYIKHASE ML RER 5T

K 5 i T 98 S K I CAZ R T ORI 45 (1) 0 B Al o A STP 3 LTP (1% 7% m] LIl ik 4K B[] Jse &2 3
BRI . K IIE SR(LTP) A I (LTD) A2 15 SR A A = 1 OG5 [24] [25]
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Figure 4. (a) Long-term enhancement characteristics of the device; (b) Long-term suppression character-
istics of the device; (c) LTP/LTD characteristics of the device in 5 cycles; (d) Normalized conductivity
changes applied to neural networks

4.(a) FEEKHAEIREFE; (b) SRFEVIKEAHNEIRRSE; () BRHHFE 5 MEIRAPIRY LTP/LTD %5t ;
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3.4. FRFRIHERSM SN A

ASCREE T — AT AR 22 9 2 (CNIN)XT 5 B0 RN AE RN 1 B R R0 SR HEAT 702, DA r HoAE i
LIRSS BT 1[26] [27] AT FU I T 28 G BRI 2% 84 LeNet-5 AT AL BETE, W1 5(a) BT -
FERRZE P 2% 52 IS B AR Z AL 2 0 R AR R AR AT e AL AR B . R i AniE i R i — A+
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RSP0 Tl SRR . [ S(b) PR SRS IR AR B . Wi S(o)f, 25t 100 kR
FIN R, ST F5H 7 BARERTR B RIER] 96.6%, XF 1B AR BE BE MR B R IA R 71.1%. 72X T )
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Figure 5. (a) CNN network structure; (b) Training sample diagram of two data sets; (c) Recognition accuracy
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