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Magnetic Memory Development
Based on New Physical Phenomena

Proposal of a method that can save electric power

@VRTFTLETZE A% JK B
Faculty of Engineering Science
—— Associate Professor S_yul‘d Honda

AN—hT 730V AVEEITVNDE. TUTFDDHECRE
KEXEY)DEE, XEVD/NEYLERBELDEH. SEE
DEEVYEELRET—F YA ADKEVT 7 1 IVHFEICREFT
EDRDICHEole. UL, IRETRD TS v a XEVII4EE
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When using smartphones and PCs, the capacity of the storage de-
vice (memory) is often a concern. Memories have made advance-
ments in size reduction and capacity increase, making it possible to
easily save large-size data files such as high-resolution video images
and photographs. However, flash memories, which are now being pre-
dominantly used, are said to be approaching the limits of their perfor-
mance improvement. Due to this situation, magnetic memories are
gaining attention because they are expected to have a long life, high
speed, and low electric power consumption. Syuta Honda, Associate
Professor of Faculty of Engineering Science, has proposed a magnet-
ic memory having a feasible and simple structure. His proposal has
received a high evaluation from the academic and industrial sectors.
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Designing Electronic Devices Using Numerical Simulation

—— Please tell us about your research in the laboratory.

In our "Theoretical Solid State Laboratory," we use numerical cal-
culations and numerical simulators to develop, for example, devices
using nanoscale electronic materials. “Devices” here mean “electronic
components,” such as memories and transistors used in smart-
phones.

My research theme is mainly nanoscale magnets. My research in-
cludes studies of how materials can be changed to produce strong mag-
nets, and how magnets can be used to produce new electronic devices.

Electronic devices using magnets are called magnetic devices.
Some magnetic devices have been realized, but many are still in the
development phase.

—— One such magnetic device, magnetic memory, is gaining attention.

One advantage of magnetic memory is the low electric power
consumption compared with the memories predominantly used. Elec-
tric power consumption is increasing steadily all around the world
these days. Therefore, there is a need to reduce the electric power
consumption of storage devices, since they consume a lot. In mag-
netic memories, the stored information does not disappear even if the
power supply is cut off. This characteristic can be utilized to reduce
electric power consumption.

In addition, magnetic memories have vibration-resistant charac-
teristics that make them suitable for installation in automobiles, and
radiation-resistant characteristics that may make them suitable for use
in outer space.

—— So, a magnetic memory is a new type of device.

Well, no. It may sound new when you hear “magnetic memory,”
but magnetism was used in cassette tapes. In the past, magnetism
was used to store information. Semiconductors have become pre-
dominant as the equipment size became smaller. However, use of
magnetism is gaining attention again in recent trends.
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Example of pillar magnetic memory with 4-bit structure and its operation.

White arrows indicate direction of magnetization (S pole to N pole)

By passing a current downward through the pillar, the recorded information shifts
to the top of the pillar. If the current is pulsed, the same information as at the bot-
tom of the pillar is written at the bottom of the pillar; if the current is constant, the
opposite information is written at the bottom of the pillar. The amount of information
that can be recorded can be increased by lengthening the pillars.

Developed a Magnetic Memory That Has Elements Arranged
in a Pillar Structure

—— Please tell us about the details of the research.

A memory consists of many elements whose individual size is
several tens of nanometers. Most of the memories used in society
store a single piece of information, a “0” or “1,” in a single element.

USB memories and other flash memories, in their basic form, also
store a single piece of information in a single element. In recent years,
it has become possible to store multiple pieces of information in a
single element. In addition, vertical alignment of elements is becoming
adopted, leading to an increase in capacity. These creative efforts have
made it possible to save large-size data.

| am currently working on a magnetic memory consisting of mag-
nets stacked in a pillar structure. This type of magnetic memory has
not been developed yet.

In a magnetic memory, a single magnet stores a single piece of
information. Each piece of information is represented by the direction
from the S pole to the N pole in each magnet (direction of magnetiza-
tion). The magnetization direction will be either up (1) or down ().
One direction will be regarded as “0,” and the other will be regarded
as “1.” As for magnetic memory having a pillar structure, which | am
working on, the structure consists of multiple magnets stacked verti-
cally in a pillar. Due to this structure, multiple pieces of information
can be stored in a single pillar, or in other words, in a single element.

The concept of a pillar-structured magnetic memory has been pro-
posed in the past. My new proposition is how to control the information.

—— How can the information be controlled?

Just by having electric current flow from the top to the bottom of the pillar.

The pillar stores information in a form such as “!{ 1t 11.” When a
current is passed from the top to the bottom, a phenomenon called
“current-induced movement of the magnetic domain wall” occurs,
causing all of these arrows to move in the upper direction.

By placing a separate magnet at the top end of the pillar, the
magnetization direction (information) at the pillar’s top end can be
read using a physical phenomenon called the magnetoresistive ef-
fect. All information recorded in the pillar can be read by using cur-
rent to move the information to the upper end of the pillar.

—— How do you write the information?

By passing a current, just like when reading the information. In
this case, however, a magnet that is magnetized in the horizontal
direction is installed at the bottom of the pillar. The element structure
was simplified in my proposed method.

If this magnet is not present, “1” will be newly and continuously
recorded at the bottom end when current passes through the pillar
to move the information upward. On the other hand, when a magnet
magnetized in the horizontal direction is present, the arrow (magneti-
zation) direction recorded in the pillar will alternate, such as “1 t 1 1.”

So, to record the desired information, the current passed through
the pillar can be switched on and off in a meticulous way to produce
a pulse (electric signal wave that changes abruptly in a short time),
and the time interval to make the current flow can be controlled. In
this way, the information to be recorded is controlled.

If, for example, the initial magnetization direction at the pillar bot-
tom end was “!,” passing a current will make the arrow point some-
what upwards. If the current is turned off at that timing, the direction
will not become “1.” Instead, it will return to “!.” Because information
will continuously move upward while the current is flowing, informa-
tion will move to the upper part of the pillar at locations other than
the bottom of the pillar. If the current is repeatedly turned on and off,
the magnetization direction at the bottom of the pillar will be “1 1.” On
the other hand, if the current is not turned off and made to flow con-
tinuously, the magnetization direction at the pillar bottom end will be
“1” as explained before, and the magnetization direction at the lower

AMRETEILEDRELH-2FXLEHR
Instructing students in his laboratory

part of the pillar will be “{ 1.” In summary, the information recorded is
controlled using short-interval pulse current and long-duration current.

Although the pillar-structured magnetic memory is capable of
saving multiple pieces of information, only two terminals are required
for each pillar. Furthermore, since the magnitude and direction of the
current need not be changed, the external circuit for current control
can be simplified. In this way, we were able to propose the possibility
of developing a large-capacity memory that has a simple structure.

A Simple Structure Is Advantageous for Development

—— There seems to be many advantages if the structure is simple.

A friend who works in development of flash memories once said,
“As a developer, it is very helpful if there are fewer terminals.” Even
though magnetic memories have many advantages, their develop-
ment has not progressed because many terminals are required and
because of the difficulty of control and circuit design.

Although Japan is lagging behind in the competition for devel-
oping memories, there is a possibility that this type of memory will
be developed. | think this memory is a hopeful candidate for next-
generation memories.

—— It seems that the proposal caused a sensation.

The patent application was filed in September 2023, and the
paper was published in April 2024. We received proposals for joint
research from various research institutions, and are blessed with
cooperation from multiple entities of the industrial, academic, and
governmental sectors. Kyoto University, Nagoya University, and others
are now conducting experiments, and | am searching, for example,
for the best type of pillar section material and writing magnet material
that make the memory structure work well.

—— What are your own upcoming goals?

It would be ideal if Kansai University could be the center of the
movement for realizing this magnetic memory.

As my overall goal, | want to solve problems by simplifying mat-
ters to the greatest extent possible. Nowadays, it seems that physical
phenomena that are selected as a research subject are becoming
increasingly difficult. Although performance can be improved locally,
applying the results has become more difficult. | would like to make
proposals that can solve problems using a method that is as simple
as possible.
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