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Figure 1 (Color online) Crosstalk schematic diagram of passive cross
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Table 1 Comparison of rectifying diodes for 1DIR integration
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B 2 (M4 ()PUNiO/PY/p-NiOx/n-NiOx/Pt1D IRZEFI Y FL i HL R ARPE. (a) FHARA#ERTCPUNIO/P, 45 Py/p-NiO/n-NiO/PH &5 #4178 &

R I-VERE; (b) PUNIO/Pt/p-NiO,/n-NiO/Pt 1D1RZEH 1 1- Vi flh 25 29

Figure 2 (Color online) I-V characteristics of Pt/NiO/Pt/p-NiOx/n-NiOx/Pt 1D1R structure. (a) I-V characteristic of a Pt/NiO/Pt device structure, and
the rectifying characteristic of a Pt/p-NiO,/n-NiO,/Pt diode structure. The insets show schematic diagrams of Pt/NiO/Pt and Pt/p-NiO,/n-NiO,/Pt struc-

tures; (b) I-V characterstics of a combined Pt/NiO/Pt/p-NiO,/n-NiO,/Pt 1D1R structure, the schematic diagram is shown in the inset!
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B3 (MIZROR () B XU 1D IRESH A0 HL G L AP, (a) TU/TIO/ TiRINI/TIO/Tigs AR I-VAEYE; (b) PYHFO,/Cu RRAMAF fif BTGB
P H B AR s () PYHEO/Cu/Ti/NY/TIO/Ti IDIRTEAE#AF Y-V (d) PYHFO,/Cw/Ti/Ni/TiOJ/Ti 1D IRTF# #4042 45D

Figure 3 (Color online) I-V characteristics of self-compliance bipolar 1D1R structure. (a) Typical I-V curves of Ti/TiO/Ti and Ni/TiO/Ti devices;
(b) bipolar resistive switching characteristics of Pt/HfO,/Cu RRAM cell; (c) I-V curve of Pt/HfO,/Cu/Ti/Ni/TiO,/Ti 1DIR memory device; (d) repro-
ducibility of the bipolar switching characteristics of Pt/HfO,/Cu/Ti/Ni/TiO,/Ti 1DIR structure®’!
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Bl 4 (MR 0)NI/TIO/NI/HO/PUE I, 1S IR (K 48 it 2513
Figure 4 (Color online) I-V characteristics of Ni/TiO,/Ni/HfO,/Pt
1SIR structure™®

B5 (ML (D)PYTa0yTiO TaO/Pt A1y 2 R Il 210

Figure 5 (Color online) Typical I-V characteristic of Pt/TaO,/TiO»/
TaO,/Pt structure®®
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B — AR 2 R ER R M L B Rw/TaO /W,
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T IA10Y, 85°C F MR M- A K F 107 s,
TE 15 2 TG IR 58 SUREB v g AR K A R W . fcile
rb Bl 2 B B F T B0F 2 T X0 B et AT BA O M o i
Ay S B TR A T R R T 1 B AR T B 2
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7R A v e L S ) A3 A R R R LR UE M, AR
157 1 RS L I WL 500 WA B S 26 P 19 4 0T 6
H#% (threshold selector), #5#4°hAg/Defect Graphene/
SiO/Pt, M EHLARAG TAREAE UL pA) B R R
RIIFERYEE 2 I B AR FEAf 5, 3X 0 BH AR A7 25 1)
ISIRZEHY = 4 % BEAE AL BE i 1 A, L TAE &%

Bl 6 (2R o) 2 M i BH 55 BH AR 8540 ) FL T R TR R R . (a) JEER M HL BHPA/A g/HEO/ Ag/PAZE AE Y L L HL R FR IR 2R (b) BHAR A7 G 2%

Pd/Ta0,/Ta,0s/PdHL ifil HL 4514 Hh 4207
Figure 6

(Color online) I-V characteristics of the selector and RRAM devices. (a) Repeatable bidirectional threshold switching of the

Pd/Ag/HfO,/Ag/Pd selector; (b) I-V curves of the Pd/Ta,05/Ta0,/Pd RRAM cell®”
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B 7 (MZRUEAG)ISIR 45KPd/Ag/HfO,/Ag/Pd/Ta0,/Ta,0s/PAH i
FL AR I 2R B

Figure 7 (Color online) I-V chatacteristics of Pd/Ag/HfO,/Ag/Pd/
TaO,/Ta,Os/Pd 1S1R structure’®”!
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F2L5 TRy H AT ARAE B9 0] T 1S 1IRER
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H %ML, BH ¥ < (complementary resistive switches,
CRSO)WRRITFETT 4544, WEISHI N, & H A MUk %
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Table 2 Comparison of nonlinear resistor selectors for 1S1R integration
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of the WORM memory; (b) retention characteristics of the WORM memory at room temperature
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Table 3 Comparison of RRAM with self-rectifying effect

(Color online) I-V characteristics of the WORM device. (a) Programming process (PRG) for the fresh device. Inset is the typical I-V curves
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An overview of resistive random access memory based
high-density crossbar array
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In the global era of knowledge economy and electronic information, semiconductor memories play a crucial role in the
storage of the massive information. In order to achieve a higher integration density, the microelectronics process node is
pushed forward to the next generation according to the Moore’s Law. However, the current mainstream nonvolatile
memory technology based on charge storage, such as flash memory, is rapidly running into its physical limit due to the
tradeoffs between the high speed, long time retention and low power operation. Therefore, several new types of nonvola-
tile memories based on other storage concepts have been intensively investigated to replace Flash. Resistive random ac-
cess memory (RRAM) device, which is based on resistance change modulated by electrical stimulus, has been considered
as one of the most promising candidate for next-generation nonvolatile memory due to its potential advantages for simple
structure, fast switching speed, excellent scalability, three-dimensional (3D) stackable integration, and good compatibility
with the current complementary metal oxide semiconductor (CMOS) technology. However, a crossbar array consisting of
only RRAM cell suffers unavoidable cross-talk interference due to leakage current paths through neighboring unselected
cells with low resistances, leading to a misreading problem, the biggest hindrance for the high-density memory applica-
tion. It can be effectively tackled by the addition of necessary nonlinearity to the RRAM by integrating a highly non-
linear and bidirectional selector device. In this paper, we give an overview on the familiar architectures to diminish the
sneak current in crossbar array, including 1D1R (one diode one resistor), 1SIR (one selector one resistor), ICRSIR (one
CRS device one resistor, complementary resistive switch (CRS) devices forming by two back-to-back connected memory
cells) and IR (one resistor) with self-rectifying effect. In the meantime, we discuss the research trends and the challenges
of high-density storage based on RRAM passive cross-array. Finally, future research direction and prospects, as well as
main challenges awaiting RRAM high-density memory are given. The application of diodes with large forward current
density, high rectification ratio, low preparation temperature and easy 3D integration are the key to achieve high density
in 1D1R structure integration. It is of great significance to find materials with better performance and applicability, and to
carry out theoretical research on the integrated applications of 1S1R and ICRSIR structures. Since the 1R with
self-rectifying effect is simpler and more cost-effective than other integrated structures, further research to clarify intrin-
sic physical mechanism of 1R, and develop high-performance self-rectifying RRAM devices with large rectification ra-
tio, high current density, uniformity, stability, and reliability are the significant processes to the achievement of RRAM
high-density storage applications.

resistive random access memory, high density, passive crossbar array, cross-talk
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