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Early stage - Evolution of Resistance Memory Structures
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Motivation- 1T1R(gate-type)
IS more promising

® Conventional 1 T1R (drain-type) has
v'limited window (10x or larger)
v Multi-level operation becomes un-realistic,

® Major advantage of gate-type 1T1R
v"Huge window
v'Very low write current
v'High density for both NOR/NAND
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Resistive-gate RAM: The Concept

MIM resistance comparable to the FET's

gate resistance is the key which enables the current

resistive switching.
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Stage 1: 1T1R extended to 1T16R(2D)

Resistive-gate RAM: 3D Architecture
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Stage 2: 1T16R into 3D (AND-architecture)
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Design of Macro: 3D Memory Array
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The schematic of four-layer 3D vertical
RRAM and fabrication flow
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Realization of 4-bit-per-cell RG-RAM
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The Comparison with the Floating-gate Memory

S o || ||

AND-type NAND

Architecture NAND Flash NAND Flash FE-NAND

RG-RAM Flash
Memory Window Ié‘“""tvlm'lfo'jl :),5 N/A 9.8V N/A 1V

max’ *min

Set: 30 ns
Reset: 30 ns

Program Time 8 us 1s 2ms 1us

Program Voltage 3V 24V 15V N/A

Multi-Level 4 bits 3 bits 2 bits 4 bits 2 bits
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Summary and Conclusions

e Resistive-gate Memory (A good solution):
e The innovation has the chance to replace Floating-gate flash.
e Macro chip- demonstrating low power, TLC, QLC operations
e No sneak path, wide window, disturb-free, excellent endurance/retention

e Applications
e CPU, MCU, GPU for embedded flash; CIM etc.

® Perspectives

e for embedded and stand-alone either in 2D or 3D architectures,
e extendable down to FInFET (3nm), nanosheet generations (Thm).
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Shmoo plot of (a) SET, (b) RESET, and (c) READ operations
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The READ operation can be
completed at 0.92V within
14ns.

The SET/RESET operation
can be completed at 2.9V
within 30ns.



RRAM- Technology Advances
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