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1. Spintronics 
 

When I 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 Schrödinger, 
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.[1, 2] 

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.[4] 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. 

 

Fig. 1 What is spin? 

－ 6－

研究ノート②



Spintronics introduction for KOSEN students 

－ Quantum mechanics and ultimate electronics － 

 

Ken-ichiro SakaiA) and Tsuyoshi YoshitakeB) 
 
Department of Control and Information Systems Engineering, National Institute of Technology 
(KOSEN), Kurume College, Kurume, Fukuoka 830-8555, JapanA), 
 
Device Science and Engineering Major, Interdisciplinary Graduate School of Engineering 
Sciences (IGSES), Kyushu University, Kasuga, Fukuoka 816-8580, JapanB) 
 

1. Spintronics 
 

When I 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 Schrödinger, 
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.[1, 2] 

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.[4] 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. 

 

Fig. 1 What is spin? 

－ 7－



 
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.[5] 

 
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).[6, 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.[8, 9, 10, 11, 12, 13] 

 
 
 

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.[14] 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. 

 

Fig. 2 Magnetization reversal 

－ 8－



 
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.[5] 

 
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).[6, 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.[8, 9, 10, 11, 12, 13] 

 
 
 

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.[14] 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. 

 

Fig. 2 Magnetization reversal 

－ 9－



References 
 
[1] Eiji Saito and Shuichi Murakami: Spin Current and Topological Insulators, (Kyoritsu Shuppan, 
Tokyo, 2014) [in Japanese]. 
 
[2] M. Kumar: Quantum (Kaoru Aoki, Trans.), (Shincho Bunko, Tokyo, 2017) [in Japanese]. 
 
[3] S. Maekawa, S. O. Valenzuela, E. Saitoh, and T. Kimura, Spin Current, Oxford Science 
Publications (2011). 
 
[4] K. Takanashi, Oyo Buturi 77, 255 (2008) [in Japanese]. 
 
[5] K. Sato and E. Saitoh, Spintronics for Next Generation Innovative Devices, Wiley (2015). 
 
[6] G. Binasch, P. Grunberg, F. Saurenbach, and W. Zinn, Phys. Rev. B 39, 4828 (1989). 
 
[7] M. N. Baibich, J. M. Broto, A. Fert, F. N. Vandau, F. Petroff, P. Eitenne, G. Creuzet, A. 
Friederich, and J. Chazelas, Phys. Rev. Lett. 61, 2472 (1988). 
 
[8] M. Julliere, Phys. Lett. 54A, 225 (1975). 
 
[9] S. Maekawa and U. Gafvert, IEEE Trans. Magn. 18, 707 (1982). 
 
[10] T. Miyazaki and N. Tezuka, J. Magn. Magn. Mater. 139, L231 (1995). 
 
[11] J. S. Moodera, L. R. Kinder, T. M. Wong, and R. Meservey, Phys. Rev. Lett. 74, 3273 (1995). 
 
[12] S. Yuasa, T. Nagahama, A. Fukushima, Y. Suzuki, and K. Ando, Nat. Mater. 3, 868 (2004). 
 
[13] S. S. P. Parkin, C. Kaiser, A. Panchula, P. M. Rice, B. Hughes, M. Samant, and S. H. Yang, 
Nat. Mater. 3, 862 (2004). 
 
[14] K. Sakai, T. Okuyama, H. Miki, H. Murakami, S. Ohmagari, T. Yoshitake, Memoirs of 
National Institute of Technology, Kurume College, 36, 25 (2021) [in Japanese].  
 
Acknowledgments 
 

This research was supported by Aluminum Research Grant Project (FY2021), Kurume College, 
National Institute of Technology Education and Research Grant Project (FY2020), KOSEN 
Collaborative Education and Research Project Startup Support by Toyohashi University of 
Technology (FY2020), Kakihara Technology Zaidan Research Grant (FY2020), academic 
incentive from Yoshida Academic Education Promotion Association (FY2019), and JSPS 
Grant-in-Aid for Early-Career Scientists (B) (15K21594). 
 

寒剤の利用と高圧ガス保安法 

 

吉田 茂 

九州大学環境安全衛生推進室 

 

１．はじめに 

低温センターでは皆様への利便性を図るため寒剤（液化ガス）を供給していますが，寒剤の供給を

受けるためには毎年「高圧ガス及び液化ガスを安全に取り扱うための講習会」の受講を義務付けてい

ます。これは，取り扱っている寒剤が高圧ガス保安法における高圧ガスの部類に該当するからです。

また，寒剤を利用するにあたって，実験装置のパージや乾燥のために高圧ガスボンベの窒素ガスを使

用することもあるでしょう。これら高圧ガスを取り扱う際には，高圧ガス保安法に則り安全に使用す

ることが重要です。そこで，今回は寒剤を取り扱う上で関係する高圧ガスの法令について少々述べま

す。 

 

２．ガスボンベの点検 

まずは基本でありますガスボンベについての話をします。既に皆様は知っていることとは存じます

が，高圧ガスボンベには有効期限があり，通常のボンベは5年ごとに検査を受ける必要があります。

このため，講習会等ではいつも「5 年以上のボンベは返却してください」と言っています。実は使用

中の高圧ガスボンベは，毎日の点検（日常点検）が法律で定められています。即ち，毎日ボンベに錆

や傷が無いか確認（日常点検）をしなければなりません。ボンベの事故はそのほとんどが長期停滞ボ

ンベに生じていますので，特に数年間保有しているボンベの日常点検の実施は重要です。実際，うっ

かりボンベの日常点検を忘れてしまう時もあるかと思いますので，「日常点検」を補う安全ルールが

必要と考え，本学では「ガス購入後５年返却ルール」を設けました。ガスの購入後５年経過したボン

ベは，必ずガス販売会社に返却してくださいというルールです。高圧ガス保安法では，容器検査から

5年経過したボンベにはガスの充填ができません。そこで，当該ボンベをガス販売会社に返却すれば，

必ずガス販売会社にて再検査が行われます。このルールに従えば，本学には検査受検後１０年未満（検

査後経過5年直前のボンベが本学に納入された場合の最長保有期）のボンベしか存在しないようにな

り，長期滞留ボンベによる事故の予防が確保されます。 

さらに，福岡県高圧ガス容器管理指針によれば，「原則として，ガス販売会社は消費者（九大）か

ら１年以上留置された容器を回収すること」，また「消費者（九大）は原則として，使用中の容器で

あっても，１年以上同じ容器を継続留置しないこと」が記述されています。つまり，１年以上経過し

たボンベは，「安全不備を理由に」ガス販売会社から返却の要請があれば，九大はボンベを返却しな

ければいけません。これが福岡県の指針です。この指針に沿ってガス販売会社からは購入後１年以内

でのガスボンベ返却を打診されていますが，現在本学にとってガスボンベを１年で返却するには，あ

まりにも使用期間が短いので，最長で５年待っていただいています。（但し，今後は購入後1年が経

過すると，長期使用ボンベとして容器使用料を毎年支払うことになりそうです。）また，上述の「安

全不備を理由に」とは，「ガスボンベを取扱う教職員や学生が，ガス販売会社から安全教育を受けて

いないこと（若しくは本学主催の高圧ガス安全講習を受けていないこと）」や「日々のボンベ点検記

録を管理台帳に記録していない研究室」等も理由となりますのでご注意ください。尚，ガスボンベの
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