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ABSTRACT

Exa-scale computing needs to re-examine the existing hardware platform that can support inten-
sive data-oriented computing. Since the main bottleneck is from memory, we aim to develop an
energy-efficient in-memory computing platform in this book. First, the models of spin-transfer
torque magnetic tunnel junction and racetrack memory are presented. Next, we show that the
spintronics could be a candidate for future data-oriented computing for storage, logic, and inter-
connect. As a result, by utilizing spintronics, in-memory-based computing has been applied for
data encryption and machine learning. The implementations of in-memory AES, Simon cipher,
as well as interconnect are explained in details. In addition, in-memory-based machine learning
and face recognition are also illustrated in this book.
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Preface

The existing memory technologies have critical challenges when scaling at nanoscale due to pro-
cess variation, leakage current, and I/O access limitations. Recently, there are two research trends
attempting to alleviate the memory-wall issues for future big-data storage and processing system.

First, the emerging non-volatile memory technologies, such as spin-transfer torque mem-
ory, domain wall nanowire (or racetrack) memory, etc., have shown significantly reduced standby
power and increased integration density, as well as close-to DRAM/SRAM access speed. There-
fore, they are considered as promising next generation memory for big-data applications.

Second, due to high data-level parallelism in big-data applications, large number of ap-
plication specific accelerators can be deployed for data processing. However, the I/O bandwidth
limitation will still be the bottleneck in such a memory-logic integration approach. Instead, an
in-memory computing platform will be highly desired with less dependence on I/O:s.

In order to achieve low power and high throughput (or energy efficiency) in big-data com-
puting, one can build an in-memory non-volatile memory (NVM) hardware platform, where
both the memory and computing resources are based on NVM devices with instant-switch-on as
well as to ultra-low leakage current. Such an architecture can achieve significant power reduction
due to the non-volatility. Moreover, one can develop an NVM logic accelerator that can per-
form domain-specific computations such as data encryption and also data analytics in a logic-in-
memory fashion. Compared to conventional memory-logic-integration architectures, the storage
data do not need to be loaded into volatile main memory, processed by logic, and written back
afterward with significant I/O communication congestion.

In this book, we discuss the following research studies on this regard. First, we introduce
a non-volatile in-memory architecture that both data storage and logic computing are inside the
memory block. The data storage and logic computing is located in pairs to perform a distributed
in-memory computing. We illustrate the NVM-based basic memory and logic components and
find significant power reduction. Second, we develop a SPICE-like simulator NVM SPICE,
which implements physical models for non-volatile devices in a similar way as the BSIM model
tor MOSFET. We further develop the data storage and logic computing on spintronic devices.
These operations can be deployed for in-memory data encryption and analytics. Moreover, we
illustrate how data encryption including advanced encryption standard (AES) and Simon cipher
can be implemented in this architecture. Data analytics applications such as machine learning for
super-resolution and face recognition are performed on the developed NVM platform as well.

This book provides a state-of-the-art summary for the latest literature on emerging non-
volatile spintronic technologies and covers the entire design flow from device, circuit to system
perspectives, which is organized into five chapters. Chapter 1 introduces the basics of conven-
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tional memory architecture with traditional semiconductor devices as well as the non-volatile
in-memory architecture. Chapter 2 details the device characterization for spintronics by non-
electrical states and the according storage and logic implementation by spintronics. Chapter 3
explores the in-memory data encryption based on STT-RAM as well as domain wall nanowire.
'The implementations of in-memory AES, domain wall-based Simon cipher and low power in-
terconnect are explained in detail. Chapter 4 presents the system level architectures with data
analytics applications for the emerging non-volatile memory. In-memory machine learning and
face recognition are discussed in this chapter. This book assumes that readers have basic knowl-
edge of semiconductor device physics. It will be a good reference for senior undergraduate and
graduate students who are performing research on non-volatile memory technologies.

Hao Yu, Leibin Ni, and Yuhao Wang
Singapore

October 2016
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