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Double Dielectric Layer Metal-oxide Memristor: Design and Applications
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Abstract: Memristor, fusing the functions of storage and computing within a single device, is one of the core
electronic components to solve the bottleneck of von Neumann architecture. With the unique volatile/non-volatile
resistive switching characteristic, memristor can simulate the function of synapses/neurons in brain well. In addition,
due to the compatibility with traditional complementary metal-oxide-semiconductor (CMOS) processes, metal-oxide-
based memristors have received a lot of attention. In recent years, many kinds of metal-oxide memristors based on
single dielectric layer have been proposed. However, there are still some problems such as the instability of switching
voltage, fluctuation of high/low resistance state and poor endurance of memristive device. Thus, the researchers have
successfully optimized the device performance by introducing the double dielectric layer into the metal-oxide
memristors. In this article, we introduce the advantages of double dielectric layers-based metal-oxide memristors, and
discuss their mechanism and design of double dielectric layers-based metal-oxide memristors. Eventually, we

introduce their potential applications in neuromorphic computing. This review provides some enlightenment on how to
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design high-performance metal-oxide memristor based on double dielectric layers.

K ey wor ds. memristor; synapse; neuron; neuromorphic computing; double dielectric layer metal-oxide; review
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Fig. 1 Comparison of the structure and performance between the single/double dielectric layer metal-oxide memristor
(a, d) Schematic diagrams for (a) single and (d) double dielectric layer metal-oxide memristors; (b, €) Comparison of |-V curves between

(b) ZrO,-based memristor and (e) Ta,0s/ZrO,-based memristor with bi-layer structure exhibiting more uniform switching voltage!

17].
i

(c, f) Comparison of the endurance between (c) HfO,-based memristor and (f) HfO,:Al/HfO,-based memristor with double

dielectric layer exhibiting better cycling endurance

WiERs, ARG &R MARRER, 45
VERRAR 72, AT A S A0 B9 J5 = 1 BEL 88 PR v A PEL
AR, WAMEZE, WA 10", 1ok, &
A A TEAC PR B AN U 19 5 ) S LR A
REEAR T s fFR AT SE k. O 7 AR AL 12 BE 45 1 1 RE,
B FE N G 51U R S5 A v asF Th e =,
A — R B AR R, 8 R R
FURA R PE T, B )5 F 4 22 25 K 10 K B2 DL s
DI, DARGE a8 P K R L BEE; 105 — R A
R D s ) 2 A A 2, AR LR TR AT
HLAR 22 ] DLER R LYy, PRAIBHAR 2 b 3 A 22 1 2R
KALE (B 1(d)), {128 BA SRR E 1 TF R,
W 1(e)Fras. XT3 R TR I 2523 1F,
ek J2 A2 SRR A ) 2 Bl R B X, B AR
(VSER VAR ELiis 32 ol IR E oS AT v
MRS, MR 1 A TS . X R &
TR HIZBL AR 25 1F, A7l 2 A 450 1k s AR AT M
IEAR R GRS, 3 I 1 AR = AR RL A Dot
Redk, T CLA A < AE B AR R o FEVIRR, A RUE
KA R A, Wi 1(OFR.

i BRIk, 97 B S AN R
fCIH G RIVERESR T, e 1 PFros, AT 7HRT
AR R A A A BURAL B 25 5 AL 5

[18]

JEZA AR AEFE R ROl . B R VR i A
DA S A4 1 25 05 T ) 2 3501500t A
[E 44 REEIAZ B %8, f0 Ta/ZrOo/Pt F1 Ta/Tay05/ZrO,/Pt,
B Tay0s/Zr0, WA i JZ L5 I A2 B 28 TF 3 HE U 1)
AT 1.6 V IR/NE] 0.5 V, AL R AR TE
B 0.6 V IRE] 0.3 V, a0 HI9EIRH AME M
100 AT 10° AGIF . 3% 2 B E AL XA TR
JE 7 L3 B T AR R 1) 0% HL R 40 AT R R 41
IR AN

2B 28 1 3 B 25 MRS A R 258 XS
1 45 R SL I A AR B R, 1T 3 &5 4 T LAAR 9% BT it fin
(o Rk e T R L A AT R AR T AR, S IiE R
R W 1Rt TR AL . BT R R
I IR 2 AT 35 (R A8 SR 51) &35 ¥4 v A7 78 55 BH 5 ) s
W, KRR R BRSSP T Bh AR . JF HA
A T R AZ P ASAE Set Tob A% r i o 75 % B R
i, CAMRIPIZIEES R ENY Z kAT 5. N
TR YUK LG ] B, W SN DR R A2 B A R R
—MMERAEE(ITIR G508 — MR (1SIR 451)
VENAE XA B — MERE TG, (HREAFE BT RS
AR RIS B B 52 R, BB I FERE R, W1 ITIR
BTG K/ 2500 pm’, 3 H S E TR A=A
2% 1 B G P A R 5 F A2 B B 2 R o



390 T AL A R R

38 %

x1 SUYENREBEIZHEFZSEUIRNREZEFERESHITLE
Tablel Performance comparison of the single/double dielectric layer metal-oxide memristors

Memristor structure
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Fig. 2 Advantages of the double dielectric layer metal-oxide memristor in building neural network

(a) I-V curves of Pt/Al,05/Ta0O,/Ta memristor with self-rectifying characteristic*’; (b) Comparison of the
pulse response between the HfO, and the A10,/HfO,-based memristor>"!

£ Sl A sy b S N AR = s Ll e e
B BB I OTEN L B 4 B A RME AR &
R A SRR T b Ik, HiERHRR2s
FLH M AR S0, fE FEAGRE RS AR DL R AR A
P 4E R S A0 R I R 4% PR R A L
o5 AR 14 F A R RE, il mT DA BR il 5 Fe 4 22
{1 5 U7 [X 3o
21 HEREBHES

B )2 BA2S B W T F B AE T A
il Y22 T A B RSERE AR B . 1 A
JZ P L7 5 B e 25 10 A%, DRI AE A PR X 38k P 4
L R — PR A7 B2 PR RE (1 2715 2018 4F,
Guo Z5UHRIE T —Fh Ag/Si0,/Ta,0s/Pt 1ZFH %2, H
IhfEJZE 1 RF-Si0; J2 A1 RF-Ta,05 Z41K, W 3(a)
Flizne 28 PEM R BEIF R K AETE TayO5 JZ2 9, 1M Si0,
JEMFAE S 67262, FREES S am
2K IE R . Ag/Si0,/Ta,05/Pt 2P 2 A &H
fiK. BEHSMFFRHE, TR e B E /AR A fpE

18, SERAIRREEI 18] DU SE A7 TSR A, W 3(b)
Fos o A AR A VERERIR T2 BT RE , e
TAEBUE [ Si0, J2 h B TiE A R, B
IR FE AR B 7 AR TP AR R AR M, A B s A e
R AL G, (24 s S 22 7E Si0, J2 T R K
R AIBE R, AT BRI HE T 45 4 o |l 1 2R g
BB, W8 AR S R 22 1 e M, PR T
Ta,Os J= 1 T A L2 A X, B i 2 1 B
R SIRIT R . EELL MR RE T, S g
22 [V AT A W i P2 AR a0 = b, A7 20
7 Ag fE Ta,Os R PRI FER R, M HAA EiEE
Fy vt /AR BEL 2 BELAE DA R B8 4 B A8 3 i A o T e
Ta,0s 2 18 i B R A A IE F R B, (1545
PERIIT R LB - %W SR 1 — P e L &
JEACAZ BHLES rh ST 5T (0 5 e 2 1) e 1 J8
R — BRI AR IR R A A AL R K
SEAC TN G e R BB 1 I R2, R A
sRERET A FRFRMLLERK, HR

@ ®
Ag = 10+
107
Sio, <\: 10 L
Set | 107}
— E .
: — O 10~ . —— st sweep
Ta,0s Reset 510, 2nd-999th sweeps
—— 1000th sweep
I - I . 1
Pt 0 0.5 1.0
Voltage / V

B3 BT g R Ak 28 O SE A A R 2 2 B8 e BL ) 5 1 )
Fig. 3 Mechanism and characteristic of the double dielectric layer metal-oxide memristor
based on the localization effect of electric field!'
(a) Schematic illustration for the switching mechanism of Ag/SiO,/Ta,Os/Pt memristor; (b) |-V characteristic of Ag/Si0,/Ta,Os/Pt memristor
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(a, b) Schematic diagrams of the resistance switching mechanism with (a) the structure of W/AlO,/AlO,/Pt memristor!*”
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(b) Ti/HfO,/TiO,/Pt memristor®”); (c, d) Endurance of W/A10,/Al0,/Pt memristor*”! and Ti/HfO,/TiO,/Pt memristor'**],
and the Ti/HfO,/TiO,/Pt memristor with transition layer exhibiting more stable resistance states
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Fig. 8 Demonstration of speech recognition using double dielectric layer metal-oxide memristor

(a) Schematic of the memristor-based reservoir computing system; (b) Diagram of Ti/TiO,/TaO,/Pt memristor structure;

(c) Typical audio waveform of digit 9; (d) Recognition error rate of speech varies as a function of the mask
length with error bar representing variation between memristor devices
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Fig. 9 Demonstration of image recognition using double dielectric layer metal-oxide memristor
(a) SEM image of the 64x64 memristor crossbar array; (b) All experimental output currents for the digit “7”**; (c) Recognition diagrams of conductance and
synaptic weights of digit “3”; (d) Evolution of the recognition accuracy of the MNIST under different synaptic coupling and training epochs!®*!
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