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agenda
1. 最近の半導体事情
2. 半導体スピントロニクス
3. 量⼦コンピュータ
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5. まとめ
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MOSFET
Hirayama, ⽬⿊会四国⽀部総会 2023.09.02
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Clock frequency limited to less than 10GHz
Hirayama, ⽬⿊会四国⽀部総会 2023.09.02
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Scaling progressing

Hirayama, ⽬⿊会四国⽀部総会 2023.09.02
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FinFET, transition to 3D geometry
Hirayama, ⽬⿊会四国⽀部総会 2023.09.02
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Spin FET
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Qubit register for Quantum Computing

Superconductor

Trapped ion

Neutral atom

Quantum dot / well
Silicon
Diamond NVC
Non-linear / Linear optics

Many other medhods have been proposed.
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Science of "Impurity"
いままで

教科書的には不純物の状態は等⽅的に広がっているはず
不純物の空間分布は無視できる、不純物まわりの不純物状態の広がりが⼤きい
境界の効果は無視できる、バルク領域の⽅が⼤きい

これから
サイズが⼩さくなれば、無視していたものも考慮に⼊れなければならない
観測可能な領域にある＝境界の影響も考慮しなければならない
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Impurity State "at Surface"

Zn(Be):GaAs(110)
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Impurities "on Surface"

Mn pair on GaAs(110)

Hirayama, ⽬⿊会四国⽀部総会 2023.09.02
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Impurity at "Surface" or "Interface"
Spacial distribution of impurity state

Interaction of impurity & surface/interface

Magnetism
Direct exchange interaction (AFM favors)

Indirect exchange interaction
Super-exchange mechanism (AFM favors)

Double exchange mechanism (FM favors)

Ruderman-Kittel-Kasuya-Yosida (RKKY) exchange mechanism (distance
dependence)
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Mn-(V) Molecular Layer on/in Semiconductor
Surface Bulk
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Surface Spintronics

Mn-(V) molecular layer on surface

Host Material Stable State Mechanism

GaAs(110)
GaP(110)

1D half-metal Double exchange

GaN(110)
GaSb(110)

2D half-metal Double exchange

GaN( ) Metal Direct/Double exchange

GaN( ) Semiconducting Direct/Double exchange

BN(110) Hounds-tooth AFM Direct/Double exchange
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Strain-reinforced ferromagnetism
Hirayama, ⽬⿊会四国⽀部総会 2023.09.02
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Spin-orbit interaction (Relativistic effects)
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まとめ

不純物は半導体の名わき役
実は知られていないことがたくさんある

未来の技術を作っていく
かもしれない
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