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1. Spintronics

When [ say, “I study spintronics” to someone, they often ask, “What is spin?” After I provide a
brief explanation about spin, they sometimes act like they were allergic, and say, “It is too difficult
for me to understand.” But wait a minute. I think there are few people who truly understand
quantum mechanics. Even Einstein was initially skeptical about quantum mechanics, hence
ordinary people are not likely to grasp it instinctually. However, quantum mechanics seems to
hold true. We have no choice but to accept it. Since the age of quantum computers is expected to
be realized following the introduction of supercomputers, I feel daily that it is impossible for us to
escape quantum mechanics even if we wanted to. In that case, I think it is better to try hard to
contribute to the development of quantum mechanics, even if many of us do not understand it yet.

If I was asked, “What is a quantum?,” I would answer, “It is a non-contiguous value.”
Scientifically speaking, it is a “discrete value.” Classical mechanics, which was discovered by
legendary physicist Newton, is based on “analog physics,” which continuously captures the
motion of an object. By contrast, I define quantum mechanics, which was found by Schrodinger,
Bohr and Pauli, relatively recent legendary physicists, as “digital physics,” which takes discrete
values. The truth of quantum mechanics is that the value can only be known probabilistically. The
position of electrons cannot be defined unless we see them. Even Einstein could not understand
this incomprehensible explanation at first, and he denied quantum mechanics with the words,
“God does not roll the dice,” and “Is the moon not present when I am not looking?” However,
since Pauli received the Nobel Prize by the recommendation of Einstein, it seems that Einstein had
gradually accepted quantum mechanics.!+?!

The reason why the study of spintronics appeared is that, as shown in Fig. 1, electrons
essentially have four physical quantities: 1. charge, 2. mass, 3. spin angular momentum, and 4.
magnetic moment. These quantities can be classified by their abilities into two properties: charge
(property to pass an electric current) and spin (property to become a magnet). The word
“electronics” derives from ‘“‘electrons”; however, many people might think of “semiconductor
engineering” when they hear the word “electronics.” Semiconductor engineering considers only 1.



charge and 2. mass, while basically ignoring 3. spin angular momentum and 4. magnetic moment.
This is because semiconductor engineering was created by considering “electromagnetism” as
“true.” Faraday and Maxwell, who created electromagnetism, may have known about the
existence of 3. spin angular momentum and 4. magnetic moment. However, it is conceivable that
they did not include spin because they created the rule of electromagnetism based on the “meter.”
When studying spintronics, people come across the keywords “spin current” and “spin diffusion
length]”.3) Spin current is the beneficial feature of spintronics, and it results in disappearance to
the human eye when the up-spin and the down-spin become even and relaxed at the distance
called the “spin diffusion length.” The spin device, therefore, can be effectively used only within
the spin diffusion length. When Maxwell created “Maxwell’s equations” that cover
electromagnetism, he may have overlooked the existence of spins, as they are quite small and
disappear in the order of nanometers or micrometers at most.”l In semiconductor engineering
based on electromagnetism, Moore’s Law had the strongest impact among various developments.
The law indicated that the technology for performing ultra-fine processing is the most important,
and the processing power of the CPU increases as the transistor becomes smaller to increase the
work power of the semiconductor device, and it lasted for more than 50 years. However, as
anyone may know, a transistor cannot be made smaller than an atom. Moore’s Law had its limit,
and Moore himself finally declared the end.

What is spin?

Electrons essentially have 4 physical quantities,

and these quantities can be classified by their abilities into 2 properties.
(1) charge (—e): —1.60x10~9 [C]

(2) mass (mg): 9.11x10~3" [kg]

(3) spin angular momentum: 5.3 x1073° [kgem?/s]

(4)

magnetic moment: 9.4 x1072* [Aem?] [Spint ics]
#Charge (electric current) pinironics

€ Spin (magnet) ¥ Charge (electric current)
€ Spin (magnet)

[ Semiconductor ] () charge (—s): —1.60x10~9[C]
. charge (—e). —1.60x
[Electromagnetism ] (2) mass (Mg): 9.11x103" [kq]
: (3) spin angular momentum: 5.3x1073°
@ Charge (electric current) kg-m?/s]
(1) charge (—e): —1.60x10~1°[C] | |(4) magnetic moment: 9.4x1072¢ [Am’]

(2) mass (mg): 9.11x10731 [kg]

Ultimate electronics

Fig. 1 What is spin?



What, then, should researchers do now? There is a phrase, ‘Beyond CMOS (More than
Moore),” which approaches the development of electronic devices by exceeding the existing
CMOS transistor that uses silicon semiconductors. Semiconductor researchers are trying to break
Moore’s Law with, for example, “high dielectric constant gate insulating film” (high-k) and
“semiconductor Ge.” Meanwhile, some researchers consider going back to the origin of
electronics. As you carefully look back what was mentioned above, you will find that electrons
essentially have two types of properties, charge (the property of passing an electric current) and
spin (the property of becoming a magnet); but semiconductor engineering basically considers only
charge (the property of passing current). Shouldn’t we be more suspicious about not effectively
using spin (the property of becoming a magnet)? The “spin current due to electron spin angular
momentum” should be flowing inside the existing electronic device that has undergone ultrafine
processing on the nanometer scale, in the same way as the “current due to electron charge.” The
number of bits can be increased by effectively using the spin current, since spintronics considers
electrons to have two types of balls, clockwise and anti-clockwise, while electrons in
semiconductor engineering have one type of ball. Furthermore, the classical mechanical rotation is
most stable in the non-moving state (resting state), as the ball eventually stops moving after it has
been placed on the ground. By contrast, the electron spin, which is the quantum mechanical spin,
is most stable in permanent motion (a state of continuous rotation such as that of the earth) in
terms of condensed matter physics. Therefore, the idea is to effectively utilize the energy.

To summarize briefly, one of the basic principles of spintronics suggests that you consider all
the physical properties of electrons to continuously develop the existing electronic devices made
by nanometer-scale ultra-fine processing technology.)

2. Magnetization Reversal

In the field of spintronics, the most basic and important physical phenomenon is “magnetization
reversal.” In brief, the electrical resistance is high when the magnets are aligned in opposite
directions, and the electrical resistance is low when the magnets are aligned in the same direction,
as shown in Fig. 2. Since switching occurs even in the same element, it is called magnetization
reversal. In technical terms, it is called “spin-dependent scattering,” because it is the difference of
electrical conductivity depending on the direction of electron magnetization.

The famous effect using this magnetization reversal is the giant magnetoresistive effect (GMR
effect), which was awarded the 2007 Nobel Prize in Physics for its contribution to the
development of magnetic heads of hard disk drives (HDD).[* 7'In addition, the discovery of the
tunnel magnetoresistive effect (TMR effect) and the improvement of crystallinity caused a

breakthrough, and the TMR elements are now used in the magnetic heads of HDDs. %% 10 11 12.13]



Magnetization Reversal

In the field of spintronics,
the most basic and important physical phenomenon is
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“Magnetization Reversal”.

Anti-Parallel Parallel

Magnetization
Reversal

¥
Electrical conductance: low Electrical conductance: high
Electrical resistance: high Electrical resistance: low

Fig. 2 Magnetization reversal

3. Conclusion

As indicated by the title “Spintronics introduction for KOSEN students,” this paper is not for
spin experts. There are several reasons why I decided to submit this paper, but the primary one is
to write a paper that would be useful when teaching graduation research for fifth-year students of
KOSEN, and when providing orientation to students in an advanced course, including those from
other departments.'¥! In addition, since the collaborative education program between
Interdisciplinary Graduate School of Engineering Sciences at Kyushu University and nine
colleges of technology located in Kyushu and Okinawa districts will officially start in 2023, I
think this paper will be useful when cooperating and starting collaborative research with teachers
and students from other laboratories. Since “inheritance and development of knowledge” is the
mission of an institution of higher education, I would like to carry out “inheritance of knowledge”
for KOSEN students by posting this paper on a regular basis, and achieve the “development of
knowledge” by utilizing the posting in my daily research activities.
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Efficient pre-treatment for pancreatic cancer using chloroquine-loaded nanoparticles
targeting pancreatic stellate cells.

Matsumoto S, Nakata K, Sagara A, Guan W, Ikenaga N, Ohuchida K, Nakamura M.
Oncol Lett. 22(2):633, (2021)

Repositioning of duloxetine to target pancreatic stellate cells.

Sagara A, Nakata K, Matsumoto S, Guan W, Shinkawa T, Iwamoto C, Ikenaga N, Ohuchida
K, Nakamura M.

Oncol Lett. 22(4):744, (2021)

ERAP?2 is a novel target involved in autophagy and activation of pancreatic stellate cells via
UPR Signaling pathway.

Guan W, Nakata K, Sagara A, Iwamoto C, Endo S, Matsuda R, Matsumoto S, Ikenaga N,
Shindo K, Moriyama T, Onishi H, Ohuchida K, Oda Y, Nakamura M.

Pancreatology. S1424-3903(21)00576-7, (2021)
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Biliary atresia-specific deciduous pulp stem cells feature biliary deficiency.
Soichiro Sonoda, Koichiro Yoshimaru, Haruyoshi Yamaza, Ratih Yuniartha, Toshiharu
Matsuura, Erika Yamauchi-Tomoda, Sara Murata, Kento Nishida, Yoshinao Oda, Shouichi
Ohga, Tasturo Tajiri, Tomoaki Taguchi, Takayoshi Yamaza
Stem cell research & therapy 12(1) 582-582 (2021)

Modulation of osteoclastogenesis through adrenomedullin receptors on osteoclast precursors:

initiation of differentiation by asymmetric cell division

Toshio Kukita, Hidenobu Hiura, Jiong-Yan Gu, Jing-Qi Zhang, Yukari Kyumoto-Nakamura,



Norihisa Uehara, Sara Murata, Soichiro Sonoda, Takayoshi Yamaza, Ichiro Takahashi, Akiko
Kukita
Laboratory Investigation 101 1449-1457 (2021)

Targeting of deciduous tooth pulp stem cell-derived extracellular vesicles on telomerase-
mediated stem cell niche and immune regulation in systemic lupus erythematosus

Soichiro Sonoda, Sara Murata, Hiroki Kato, Fouad Zakaria, Yukari Kyumoto-Nakamura,
Norihisa Uehara, Haruyoshi Yamaza, Toshio Kukita, Takayoshi Yamaza

Journal of Immunology 206(12) 3053-3063 2021

Cholangiogenic potential of human deciduous pulp stem cell-converted hepatocyte-like cells
Ratih Yuniartha, Takayoshi Yamaza, Soichiro Sonoda, Koichiro Yoshimaru, Toshiharu
Matsuura, Haruyoshi Yamaza, Yoshinao Oda, Shouichi Ohga, Tomoaki Taguchi

Stem Cell Research & Therapy 12(1) 2021

Impaired neurite development and mitochondrial dysfunction associated with calcium
accumulation in dopaminergic neurons differentiated from the dental pulp stem cells of a
patient with metatropic dysplasia.

Xiao Sun, Hiroki Kato, Hiroshi Sato, Michiko Torio, Xu Han, Yu Zhang, Yuta Hirofuji,
Takahiro A Kato, Yasunari Sakai, Shouichi Ohga, Satoshi Fukumoto, Keiji Masuda
Biochemistry and biophysics reports 26 100968-100968 (2021)

In vitro and in vivo detection of tunneling nanotubes in normal and pathological
osteoclastogenesis involving osteoclast fusion

Jing-Qi Zhang, Akira Takahashi, Jiong-Yan Gu, Xiaoxu Zhang, Yukari Kyumoto-Nakamura,
Akiko Kukita, Norihisa Uehara, Hidenobu Hiura, Takayoshi Yamaza, and Toshio Kukita
Laboratory Investigation 101(12), 1571-1584 (2021)

A RBIESAFIZEAT MBS RE I S ER
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The ubiquitin ligase HOIL-1L regulates immune responses by interacting with linear
ubiquitin chains.
Gomez-Diaz C, Jonsson G, Schodl K, Deszcz L, Bestehorn A, Eislmayr K, Almagro J,
Kavirayani A, Seida M, Fennell LM, Hagelkruys A, Kovarik P, Penninger JM, Ikeda F.
iScience 2021 Oct 8;24(11):103241. eCollection 2021 Nov 19.



The linear ubiquitin chain assembly complex LUBAC generates heterotypic ubiquitin chains.
Rodriguez Carvajal A, Grishkovskaya I, Gomez Diaz C, Vogel A, Sonn-Segev A, Kushwah
MS, Schodl K, Deszcz L, Orban-Nemeth Z, Sakamoto S, Mechtler K, Kukura P, Clausen T,
Haselbach D, Ikeda F.

eLife. 2021 Jun 18;10:¢60660.

Guidelines for the use and interpretation of assays for monitoring autophagy
(4™ edition).

Klionsky DJ et al.

Autophagy. 2021 Jan;17(1):1-382.

EEBHESHER PSR VS NI R GE
RNFFEE
Modeling population size independent tissue epigenomes by ChlL-seq with single thin
sections.
Kazumitsu Maehara, Kosuke Tomimatsu, Akihito Harada, Kaori Tanaka, Shoko Sato,
Megumi Fukuoka, Seiji Okada, Tetsuya Handa, Hitoshi Kurumizaka, Noriko Saitoh, Hiroshi
Kimura, and Yasuyuki Ohkawa"
Mol Syst Biol 17(11):¢10323. (2021)

Genome-wide analysis of chromatin structure changes upon MyoD binding in proliferative
myoblasts during the cell cycle.

Qianmei Wu, Takeru Fujii, Akihito Harada, Kosuke Tomimatsu, Atsuko Miyawaki-
Kuwakado, Masatoshi Fujita, Kazumitsu Maehara, Yasuyuki Ohkawa.

J Biochem 169(6):653-661. (2021)

Integrated Analysis of Transcriptome and Histone Modifications in Granulosa Cells During
Ovulation in Female Mice.

Yuichiro Shirafuta, Isao Tamura, Yasuyuki Ohkawa, Ryo Maekawa, Yumiko Doi-Tanaka,
Haruka Takagi, Yumiko Mihara, Masahiro Shinagawa, Toshiaki Taketani, Shun Sato,
Hiroshi Tamura, Norihiro Sugino.

Endocrinology 162(9):bqab128. (2021)
An extensive and dynamic trans-omic network illustrating prominent regulatory

mechanisms in response to insulin in the liver.

Fumiko Matsuzaki, Shinsuke Uda, Yukiyo Yamauchi, Masaki Matsumoto, Tomoyoshi Soga,



10.

Kazumitsu Machara, Yasuyuki Ohkawa, Keiichi I Nakayama, Shinya Kuroda, Hiroyuki
Kubota.
Cell Rep. 36(8):109569. (2021)

High-depth spatial transcriptome analysis by photo-isolation chemistry.

+Mizuki Honda, Shinya fOki, Ryuichi Kimura, Akihito Harada, Kazumitsu Maehara, Kaori
Tanaka, Chikara Meno, Yasuyuki Ohkawa.

Nat Commun. 12(1):4416. (2021)

Hoxal0 mediates positional memory to govern stem cell function in adult skeletal muscle.
Kiyoshi Yoshioka, Hiroshi Nagahisa, Fumihito Miura, Hiromitsu Araki, Yasutomi Kamei,
Yasuo Kitajima, Daiki Seko, Jumpei Nogami, Yoshifumi Tsuchiya, Narihiro Okazaki,
Akihiko Yonekura, Seigo Ohba, Yoshinori Sumita, Ko Chiba, Kosei Ito, Izumi Asahina,
Yoshihiro Ogawa, Takashi Ito, Yasuyuki Ohkawa, Yusuke Ono.

Sci Advy. 7(24):eabd7924. (2021)

Totipotency of mouse zygotes extends to single blastomeres of embryos at the four-cell
stage.

Marino Maemura, Hiroaki Taketsuru, Yuki Nakajima, Ruiqi Shao, Ayaka Kakihara, Jumpei
Nogami, Yasuyuki Ohkawa, Yu-Ichi Tsukada.

Sci Rep. 11(1):11167. (2021)

Transcriptome analysis of gene expression changes upon enzymatic dissociation in skeletal
myoblasts.

Atsuko Miyawaki-Kuwakado, Qianmei Wu, Akihito Harada, Kosuke Tomimatsu, Takeru
Fujii, Kazumitsu Maehara, Yasuyuki Ohkawa.

Genes Cells. 26(7):530-540. (2021)

Chromatin structure-dependent histone incorporation revealed by a genome-wide deposition
assay.

Hiroaki Tachiwana, Mariko Dacher, Kazumitsu Machara, Akihito Harada, Yosuke Seto,
Ryohei Katayama, Yasuyuki Ohkawa, Hiroshi Kimura, Hitoshi Kurumizaka, Noriko Saitoh.
Elife 10:¢66290. (2021)

Targeted inhibition of EPAS1-driven IL-31 production by a small-molecule compound.

Yasuhisa Kamikaseda, Takehito Uruno, Kazufumi Kunimura, Akihito Harada, Kuniko Saiki,
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Kounosuke Oisaki, Daiji Sakata, Takeshi Nakahara, Makiko Kido-Nakahara, Motomu
Kanai, Seiji Nakamura, Yasuyuki Ohkawa, Masutaka Furue, Yoshinori Fukui.

J Allergy Clin Immunol, 148(2):633-638. (2021)

H4K20mel and H3K27me3 are concurrently loaded onto the inactive X chromosome but
dispensable for inducing gene silencing.

Sjoerd J D Tjalsma, Mayako Hori, Yuko Sato, Aurelie Bousard, Akito Ohi, Ana Claudia
Raposo, Julia Roensch, Agnes Le Saux, Jumpei Nogami, Kazumitsu Maehara, Tomoya
Kujirai, Tetsuya Handa, Sandra Bagés-Arnal, Yasuyuki Ohkawa, Hitoshi Kurumizaka,
Simio Teixeira da Rocha, Jan J Zylicz, Hiroshi Kimura, Edith Heard.

EMBO Rep. 22(3):¢51989. (2021)

Transcription factor C/EBPP induces genome-wide H3K27ac and upregulates gene
expression during decidualization of human endometrial stromal cells.

Isao Tamura, Ryo Maekawa, Kosuke Jozaki, Yasuyuki Ohkawa, Haruka Takagi, Yumiko
Doi-Tanaka, Yuichiro Shirafuta, Yumiko Mihara, Toshiaki Taketani, Shun Sato, Hiroshi
Tamura, Norihiro Sugino.

Mol Cell Endocrinol 520:111085. (2021)

Gene expression and functional abnormalities in XX/Sry Leydig cells.

Shogo Yanai, Takashi Baba, Kai Inui, Kanako Miyabayashi, Soyun Han, Miki Inoue, Fumiya
Takahashi, Yoshiakira Kanai, Yasuyuki Ohkawa, Man Ho Choi, Ken-Ichirou Morohashi.
Sci Rep. 11(1):719. (2021)

ARPTIEIIZERT 57 FBERERIEI R
WIEEWFIEE
The benzylisoquinoline alkaloids, berberine and coptisine, act against camptothecin-
resistant topoisomerase I mutants.
noue N, Terabayashi T, Takiguchi-Kawashima Y, Fujinami D, Matsuoka S, Kawano M,
Tanaka K, Tsumura H, Ishizaki T, Narahara H, Kohda D, Nishida Y, Hanada K.
Sci Rep. 11(1):7718 (2021).

The structure of an archaeal oligosaccharyltransferase provides insight into the strict
exclusion of proline from the N-glycosylation sequon.

Taguchi Y, Yamasaki T, Ishikawa M, Kawasaki Y, Yukimura R, Mitani M, Hirata K, Kohda D.
Commun Biol. 4(1):941 (2021)



Fujinami D, Hayashi S, Kohda D. Residue-Specific Kinetic Insights into the Transition
State in Slow Polypeptide Topological Isomerization by NMR Exchange Spectroscopy.
Fujinami D, Hayashi S, Kohda D.

J Phys Chem Lett. 12(43):10551-10557 (2021).
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Identification of Activated Protein Kinase Co (PKCa) in the Urine of Orthotopic Bladder
Cancer Xenograft Model as a Potential Biomarker for the Diagnosis of Bladder Cance
Takahito Kawano, Yoko Tachibana, Junichi Inokuchi, Jeong-Hun Kang, Masaharu Murata
and Masatoshi Eto
Int. J. Mol. Sci., 22,9276-9284 (2021)

Protective and healing effects of apoptotic mimic-induced M2-like macrophage polarization
on pressure ulcers in young and middle-aged mice

Riki Toita, Eiko Shimizu, Masaharu Murata, Jeong-Hun Kang

Journal of Controlled Release, 330, 705-714 (2021)

Development of 20 cm sample bore size dynamic nuclear polarization (DNP)-MRI at 16 mT
and redox metabolic imaging of acute hepatitis rat model

Hinako Eto, Tatuya Naganuma, Motonao Nakao, Masaharu Murata, Abdelazim Elsayed
Elhelaly, Yoshifumi Noda, Hiroki Kato, Masayuki Matsuo, Tomohiko Akahoshi, Makoto
Hashizume, Fuminori Hyodo

Free Radical Biology & Medicine, 169, 149-157(2021)

Protein nanoparticles modified with PDGF-B as a novel therapy after acute cerebral infarction
Soh Takagishi, Koichi Arimura, Masaharu Murata, Katsuma Iwaki, Tomohiro Okuda,
Keisuke Ido, Ataru Nishimura, Sayoko Narahara, Takahito Kawano, Koji lihara

eNeuro, 8, 0098-21(2021)

Hyperperfusion Syndrome after Superficial Temporal Artery-Middle Cerebral Artery
Anastomosis in Patients with Moyamoya Disease cerebrovascular diseases

Katsuma Iwaki, Soh Takagishi, Koichi Arimura, Masaharu Murata, Toru Chiba, Ataru
Nishimura, Nice Ren, Koji Iihara

Cerebrovascular Diseases, 50, 208-215 (2021)
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