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Fig. 1. Roadmap of density scaling for 2D RRAM technologies!® 2!/ (Note: the density data in the figure for the *-marked portions

are converted based on equivalent area calculations using parameters from the original literature).
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Fig. 3. Operating mechanisms and typical IV characteristics of different selectors: (a) Metallic-filament-based, (b) OTS, and (c)

IMT selectors; (d) radar chart comparing their key characteristics!

2643 Note: The data in the radar chart are sourced from various

literature reports. Some parameters have been normalized based on a unified unit. The comparative analysis primarily aims to illus-

trate the characteristic boundaries of different selector technology routes, rather than for absolute performance comparison.
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Fig. 4. Comparative evaluation of different selector technologies!*16:19.5457-6% Note: Current density and electric field are normalized

for comparison among selectors with different device dimensions.
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Fig. 5. Development of self-selective cell structures.
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Fig. 7. Self-rectifying memristor devices: Interface barrier engineering!™ !, ionic migration regulation’®>%! and defect-state engineer-

ing structures/® 57,
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SPECIAL TOPIC— Semiconductor physics and devices

Research progress of high-density resistive
random-access memory "

ZHAO Dongxue WANG Zongwei! YANG Gaoqi WU Zimeng
QIU Yuchen  SUN Jingwei  CAI Yimao!

(School of Integrated Circuits, Beijing Advanced Innovation Center for Integrated Circuits, Peking University, Beijing 100871, China)
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Abstract

Resistive random access memory (RRAM) has emerged as a promising candidate for high-density data
storage in the post-Moore era, owing to its simple structure, excellent CMOS compatibility, and potential for in-
memory computing. However, conventional two-dimensional RRAM based on the 1T1R (one-transistor-one-
resistor) architecture faces fundamental scaling limitations, mainly due to the trade-off between operating
current and transistor footprint, which constrains further density improvement. This paper reviews recent
progress in high-density RRAM, focusing on key bottlenecks in two-dimensional scaling and the transition
toward three-dimensional integration. The evolution of 1T1R structures and optimization strategies for nTmR
array configurations are analyzed at both device and array levels, with attention to challenges including
insufficient driving capability, aggravated sneak-path interference, and reliability degradation. Recent progress
in three-dimensional RRAM is then discussed, focusing on the switching mechanisms and performance
requirements of selector devices. Representative technologies, including metallic filament-based selectors,
amorphous chalcogenide threshold switching devices, and insulator-metal transition selectors, are compared. The
advantages of self-selective memory cells for density enhancement are also discussed. At the array level,
horizontal stacking, vertical stacking, and transistor-based three-dimensional architectures are compared, among
which vertical stacking is identified as the most promising approach for ultra-high-density integration. Key
issues in three-dimensional arrays, including leakage paths, parasitic effects, and thermal management, are
analyzed along with potential solutions. Overall, improving selector performance and optimizing three-
dimensional stacking architectures are critical for achieving ultra-high-density RRAM,. supporting next-

generation non-volatile memory and intelligent computing systems.
Keywords: resistive random access memory, high density, scaling, vertical stacking, selector
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