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Among the emerging memory technologies, Resistive Random Access Memory
(RRAM) has been a good candidate to address the current Von Neumann
bottleneck, and the efficiency bottleneck as called “memory wall.” To reduce
power consumption caused by data transfer between central processing units
(CPU) and memory, the in-memory computing is proposed recently. Sneak path
currents (SPC) existing in the crossbar configuration hinders the memory storage
and computing technology development, due to the programming errors by the
unwanted currents from the neighboring memory cells. To solve this issue, the
transistor or selector device is integrated to suppress the SPC in the memory array.
However, this hinders the scalability of RRAM and increases the cost and
complexity of manufacture. To enable the high-density memory array for further
high computing demand, intrinsic self-rectified switching behaviors on one
individual RRAM device, while with synaptic behaviors, can play a role in cost
reduction and fabrication process simplification.

In this work, the intrinsic self-rectified switching behaviors were observed in
bilayer oxide stacks, helical materials, and two-dimensional (2D) Van der Waals
dielectric materials, which avoids the crosstalk error caused by the sneak path
currents!*?l. The current transport mechanisms on the stacked RRAM are
investigated through the numerical current fitting methods. The structural stacking
structure of high dielectric layer and low dielectric layer provided a solution
towards high density memory application with the optimized working window in
a good nonlinearity (>10), larger on-off ratio (>100), low switching energy, and
good endurance. Intrinsic nonlinearity in 1R-only RRAMs not only exhibits
promising immunity towards sneak path current but also paves the way for
advancements in energy efficient high performance in-memory computing
applications.


mailto:Ying-Chen.Chen.1@asu.edu

sneak

Vv Unselected
read | Cell (USC)

Selected
Cell (SC)

Voltage (V)

Horizontal probing
Au | / Au
o SRR
o T A eaaaihany Verticalgiibing

Pt coated Si substrate

Vbias

= Ground

<1 <
o 1=
S 104k @ 10° Set CCL:2 mA
E s E FCCL: 1mA
3 10° by 218 L O 409 CuysAg, 5INP,Sg
10% | d
eset Stop g e o | @ Vieay
107 USC SC 1 i 12 14,18V g .. Nonlinearity = 7@ 173 v, .,
i Hd I I
-8 1 e 1 1 L '
2 A 0 1 2 W2 0 2 4 6 8

Voltage (V) (f) Voltage(V)

Figure 1: (a) sneak path current on crossbar memory array configuration, (b)
SEM images of planar bilayer stacked selectorless RRAM, (c) SEM images of
helical materials-based selectorless RRAM, (d) device schematic of van dal Waal
materials-based selectorless RRAMs (top), and the I-V transfer curves with
intrinsic nonlinearity (bottom).
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