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Abstract

Emerging nonvolatile memories (NVMs), because of
their advantages on low power, high speed, and high com-
patibility with CMOS process, have not only become can-
didates for future memory technology, but also opened up
many opportunities to enable innovative beyond von Neu-
mann architectures. Here, we discuss the advances of ap-
plying emerging NVM circuits for nonvolatile logic (nv-
Logic) and computing-in-memory (CIM).

1. Introduction
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Fig. 1. Tllustration of von Neumann Bottleneck

In the relentless pursuit of high performance and low
power computing, the data movement between processor and
memory has been proven as the main concern that bottlenecks
the performance of modern von Neumann architecture (Fig.1)
[1]. Figure 2 shows major emerging NVMs, including resis-
tive random access memory (ReRAM), phase change
memory (PCM), spin-transfer torque magnetic random access
memory (STT-MRAM). They have exhibited strong ad-
vantages on power and speed over conventional NVM based
on the floating gate structure [2]. Besides, because emerging
NVMs are highly compatible to mainstream CMOS processes,
they can be easily integrated through back-end-of-line
(BEOL) process. Because of these advantages, they have not
only aroused extensive attention as candidates next-genera-
tion NVM with high energy-efficiency and large bandwidth,
but also been considered as key enablers for beyond von Neu-
mann architecture [2-4]. Here, we discuss the frontiers of ap-
plying emerging NVM circuits for nv-Logic and CIM.
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Fig. 2. Major emerging NVM technologies, including PCM,
STT-MRAM, and ReRAM.

2. Emerging memory for nonvolatile Logics
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Fig. 3. Conceptual views of SoC chips and their power con-
sumption versus time based on (a) conventional two-macro
scheme and (b) nvLogic architecture.

By combining conventional logic circuits and emerging
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NVM cells in BEOL, nv-Logic components, such as nonvol-
atile SRAM (nvSRAM), nonvolatile flip-flops (nvFF), and
nonvolatile TCAM (nvTCAM) [6-9], can be achieved. They
are particularly energy-efficient in internet-of-thing (IoT)
edge devices that requires normally-off and instant-on opera-
tions. Figure 4 comparatively show system-on-chip (SoC)
chips using a conventional structure (a) and nv-Logic scheme
(b). In the conventional scheme, all of the critical data in dig-
ital circuits must be serially moved to the flash macro, which
incurs considerable power and latency. On the contrary, nv-
Logics are able to store their states locally during power-off
in a parallel and distributed manner, and thus leads to less
consumption of energy and time.

3. Emerging memory for computing-in-memory
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Fig. 4. Conceptual views of von Neumann (a) and CIM
architectures.

The recent rise of artificial intelligence (Al) technology re-
quires highly parallel computations, which further exacer-
bated the von Neumann bottleneck effect. The CIM approach
provides a path to circumvent the bottleneck by its capability
to carry out computations inside the memory. Figure 4 con-
ceptually compares the von Neumann and CIM system. In a
typical von Neumann architecture, the data need to be firstly
fetched from NVM through memory hierarchy and thus trans-
ferred to digital circuits for computations. On the other hand,
cross-memory-hierarchy data movement and the data com-
munication between logic circuits and memory can be effec-
tively reduced using the CIM approach. Besides, the off-chip
NVMs are not necessary in the systems with embedded non-
volatile CIM macros based on emerging NVMs [10-12],
which further increases the energy- and area-efficiency of the
system.

4. Conclusions

In this work, we explore the advances of nv-Logic and CIM
leveraging emerging NVM circuits for low-power and small
latency computations. They can bypass the von Neumann
bottleneck because (1) emerging NVM cells can be operated
with low power and fast speed, (2) the cross-memory-hierar-
chy data access can be reduced, and (3) the serial date move-
ment between logic circuits and memories are effective re-
duced.
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