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MOSFET
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Scaling progressing

Logic/Foundry Process Roadmaps (for Volume Production)
2016 2017 2018 2019 2020 2021 2022

GlobalFoundries

SMIC

umMc

Note: What defines a process "generation" and the start of "volume" production varies from company to
company, and may be influenced by marketing embelishments, so these points of transition should only be

seen as very general guidelines.
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FINFET, transition to 3D geometry
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YEAR OF PRODUCTION 2022 2025 2028
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Logic device structure options e LGAA
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Mx pitch (nm) 32
M1 pitch (nm) 2
| M0 patch (nm) 24 ; 7 ?
Gate pReh (nm) a8 % 42 40 38 38
Ly Gate Length- HP (nm) 16 14
Lg' Gate Length - HO (nm) 18 14
Channel averiap rabtio - wo-sided 0.20 0.20 0.20 0.20 0.20 0.20
{ or wich (nm L] 6
Spacer k value 35 33 0 0
Contact CO (nm) - HinFET, LGAA 20 19 0 18 13 18
Device architecture hey ground rufes
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Davice height (nm) L] 52
FinFET Fin width (nm) 5.0
F int drive efficiency - fInFET 4.1
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Lateral GAA (nanasheet) thickness (nm 6.0 6.0 6.0 !
Number of vertically stacked panosheets on one device 3 3 4 4 4
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FIG. 1. (a) Electro-optic modulator; (b) proposed electron wave analog of diagrams of the spin MOSFET in (b) parallel and
the electro-optic modulator. (c) antiparallel magnetization configurations.

Sugahara, Appl. Phys. Lett. 84, 2307-2309 (2004), Datta, Appl. Phys. Lett. 56, 665-667 (1990) 7117
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Qubit register for Quantum Computing
¥) = a|0) + B[1)

e Superconductor

e Trapped ion

e Neutral atom

e Quantum dot / well
e Silicon

e Diamond NVC

e Non-linear / Linear optics
o Many other medhods have been proposed.
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Science of "Impurity”
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Impurity State "at Surface”

Zn(Be):GaAs(110)

Mahieu, Phys. Rev. Lett. 94, 026407 (2005) 10/ 17
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Impurities "on Surface” S

e
600 1 === Experiment
=== Calculation

7 8 9 10
Nearest-neighbour spacing (&)

Mn pair on GaAs(110)

Kitchen, Nature 442, 436 (2006) 11/17
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Impurity at "Surface” or “Interface’

\

e Spacial distribution of impurity state
e Interaction of impurity & surface/interface

Magnetism

e Direct exchange interaction (AFM favors)

e Indirect exchange interaction
o Super-exchange mechanism (AFM favors)

o Double exchange mechanism (FM favors)
o Ruderman-Kittel-Kasuya-Yosida (RKKY) exchange mechanism (distance

dependence)
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Mn-(V) Molecular Layer on/in Semiconductor
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=} s ot

ol ] ="} o @)

o= - o=

P D ..o {2
L; [001] 20 ML separation

13/17



Hirayama, HESMES &= 2023.09.02

Surface Spintronics

Mn-(V) molecular layer on surface

Host Material

GaAs(110)
GaP(110)

GaN(110)
GaSb(110)

GaN(1100)
GaN(1120)
BN(110)

Stable State

1D half-metal

2D half-metal

Metal
Semiconducting

Hounds-tooth AFM
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Mechanism

Double exchange

Double exchange

Direct/Double exchange
Direct/Double exchange
Direct/Double exchange
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Strain-reinforced ferromagnetism
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