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lNnaH OoKnaoa

BctynneHmne (MCTOKU CNIUHTPOHUKM)

CnUHOBAA 3N1EKTPOHMUKA ... HEeMHOTO PU3NKU

*** Ymo makKoe cnuH?
s U3omponHoe obmeHHOoe 83aumodelicmesue (lelizeHbepza)
s CnuH-opbumanvHoe e3aumodeiicmeue

MexaHusambl nepeHoOca CNMUHA

CNUMHTPOHMUKA: UTO peasibHO OHA AAET?
¢ [lu2aHMCKoe Mmaz2HUmMHoe conpomusseHue
** MazHoHuKa (ypasHeHue JlaHday-/lugpwiuya)
¢ CnuH-mpaHcgepHovie HaHoocyunaamopsl CBY
¢ CnuH-OpbumpoHuUKa — Hosoe nepcrekKmueHoe HarnpassaeHue
*» Tepazepyoean CMTUHMPOHUKA...

3aKka4YeHue




1. BcmynaeHue (UCMOKU cMUHMPOHUKU)




YUmo He makK ¢ aneKmpoHUKou
mpaouyuoHHoU?

* YyposuuiHoe
3HepronoTtpebneHue +

MuHUaTIopusauuma (npexcde
gcezo...)

* BbiIX00 HO amoMHble macwmabebi
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YyaoBuwHOE sHepronoTpebaeHune
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2. CNUHOBAA 3/1eKTPOHUKA... HEeMHO020 pU3UKU




* Ymo makKoe crnuH?

CnuH (oraurn. SPIN, — «BpaweHune, spawatb(-ca)») —
COOCTBEHHbI MOMEHT MMMNYJ/1IbCa 3/IEKTPOHA

Electron

Spin ==

Charge
electrique
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* N3omponHoe obmeHHoe 83aumodelicmeue

Mogpenb leiizeHbepra -~ o . ,. : ‘-
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HamazHUYEeHHOCMb IMmo MagHUMHbIU

MOMeHmM eduHuUUbl 0bbéMma seuwecmea:
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*** CnuH-opbumansvHoe 83aumodeiicmaue

(OsuiceHUe 31eKMPOHA 8 31eKMpU4YeCcKom rnose)

[Mpeobpa3oBaHua JlopeHua And
3/1EKTPUYECKOTO NoAA




3. MexaHu3msl nepeHoca cnuHa

1. CNUH-NoNAPU30BaAHHbIN TOK

$ ¢ "




2. CNnHOBbIE BOJIHbI




YpaeHeHue JlaHoay — J/lugpwuya
(capmoHuYeckuli ocyunnamop)

[apmoHuyeckas npeyeccus — PeppomacHUmMH»Il pe3oHaHc (PMP)




CnuHosble BOAHbI = MarHoHbl




3. CMIMHTPOHUKA: YTO peasibHO OHaA
paer?




¢ lU2aHMCKOEe maz2HUMHoe conpomuesieHuUe

Ferro 1

Non-magnetic
metal

Ferro 2

W H A 3} { |

Current flow Current flow

Mott two current model




TYHHesnbHOe Ma2HUMHoe conpomueseHue
Tunneling Magneto-Resistance (TMR)

Ferro 1

Insulator

Ferro 2




NMpumeHeHna GMR/TMR

" O "
Adamyuku

Ma2HUMHO?20 NnonA
namamu muna Spin Valve

(cnuHoebIl KnanaH)
ny

Avelika




HoOeneBckas npemus o ¢pusuke 2007 roga 3a OTKPbITUE
SBJICHUSI THTAHTCKOTO MAarHUTHOT'O CONPOTHUBIICHUS B 1988 rony.

Albert Fert Peter Griinberg
1938 Carcasson- 1939 Pilsen (Plzeii) — 2018 Julich

TeopeTuk, crieliuagucT B 00JIaCTH DKCNIEPUMEHTATOP, CIIEIIAATUCT B
(bu3UKU TBEPIOTO TENa obnactu BLS cnekTpockonuu
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Project title: Magnonic reservoir computing as a novel artificial-

neural-network platform




PeKyppeHmMHbie HelipoOHHble cemu

PuKCHpOBaHHEIS BECORLIE
IIPOH3BOJILHEIE CBA3H ko3 HIHEHTE!




APPLIED PHYSICS LETTERS 87, 153501 (2005)

Spin-wave logical gates
M. P. Kosiylev,a] A. A. Serga, T. Schneider, B. Leven, and B. Hillebrands

‘r,

-~ —>—{ Ch 1}
CNUH-BONTHOBOM

MHTepdepomeTp e
Maxa-LleHaepa

BoanHoOBbIE
BblUNCNEeHUsa
(w a v e

com putl ng) FIG. 1. (a) Schematic diagram of Mach—Zehnder interferometer. (b) Con-
trolled phase shifter (CPS) based on backward volume magnetostatic spin
wave (BVMSW) propagation. (c) CPS based on magnetostatic surface spin
wave (MSSW) propagation. 1-ferromagnetic film, 2-nonmagnetic substrate,
3—input strip-line microwave transducer, 4—output microwave transducer,

S—control-current stripe conductor.




** CNUH-mpaHcgepHbie HaHoocyunanamopsl CBY




YpaeHeHue JlaHOay — J/lugpwuya — lunebepma

[apmoHuYecKasa npeyeccus
(ecapmoHuyeckul ocyunnamop)

3amyxaHue (nomepu,
nopoxcoarowjue [ixcoynee Hazpes)




CrMMNH-TPAHCPDEPHDBIE
HAHOOCUNJIJIATOPBI CBY
(Spin-Torque Nano-Oscillators)

B ocHOBe nexxut apdeKT nepeHoca
KPYTU/IbHOrO MOMeHTa (spin torque).




YpaeHeHue JlaHoay — J/lugpwuya — lunebepma
- C10HYe8CKo20

<,
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Hofy
Damping

Spin Torque
mny

Fig. 2. Conventional Damping Torque
vs Slonczewski Spin Transfer Torque

BanadHue CMH-NONAPUN3INPOBAHHOIO TOKd

Sekm nepeHoca criuHOB020 MOMeEHMA HA 0ObIYHbIU
oemrgupyrowuli MOMeHM




NM spacer

Voltage (mV)

1
20

Time (ns)

Fig.1 (a) A STNO device consists of a "fixed" layer that serves
as polarizer (PL) and a "free" layer (FL) whose magnetization
1s excited into steady state oscillations, NM spacer denotes
non-magnetic layer, 7.e. insulator or non-magnetic metal. (b)




Propagating Waves

Size

250 nm circular
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** CnuH-OpbumpoHuUKa — Hosoe

rnepcriekKmueHoe HaripaesieHue




N3secmus sy306 Poccuu. PaduossnekmpoHuka. 2019. T. 22,
Ne 6. C. 45-54

Journal of the Russian Universities. Radioelectronics. 2019, vol. 22, no. 6, pp.
45-54

Spin-Orbitronics a Novel Trend in Spin
Oriented Electronics

Quantum, Solid-State, Plasma and Vacuum Electronics
https://doi.org/10.32603/1993-8985-2019-22-6-45-54 Review article

Andrey A. Stashkevich

Reads 925




1. 3¢hgpekm Pawbbi (Rashba Effect)

\

ImmaHymnn Nocudosunu Pawba (p. 30 okTabpa 1927,
Knes) — coBeTCKUN GU3BUK-TEOPETUK, AOKTOP PU3NKO-
MaTeMaTUYeCcKux Hayk (1964). Naypeat J/IeHUHCKOM
npemumn 1966 roga n npemmun umenun A. ®. Nodde (1987).

38



https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%BD%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%B5%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%BC%D0%B8%D1%8F_%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8_%D0%90._%D0%A4._%D0%98%D0%BE%D1%84%D1%84%D0%B5

*** CnuH-opbumansvHoe 83aumodeiicmaue

(OsuiceHUe 31eKMPOHA 8 31eKMpU4YeCcKom rnose)

[Mpeobpa3oBaHua JlopeHua And
3/1EKTPUYECKOTO NoAA




TpaH3ucmop Ha aghgpekme Pawbebl. Rashba transisitor

L

Ferromagnelic
electrode

Antiparallel
[off]
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2. CKUPMUOH®bI U CKUPMUOHUKA
(skyrmions)




ToOHKMe peppoMarHnTHbIE MNAEHKMU:
nopAaKU BENYUH

Bocvmeoecsmuie: = 5 MukpoH

Hauano nanobyma.: = 200 nanomempos
Ilecamb nem Hazao: = 50 Hanomempos
Ceuyac: = HeCKOIbKO HAHOMEMPO8

Ceéepxmonkue: 1 nanomemp u meHee




[Mouemy 3dpdeKT [13A10WMHCKOro cTan
BCEM B MarHUTHOM MUpPeE CTO/b
MHTEPECHbIM?







¢ AHM30TPONHOE B3aMMOAENCTBME
(d3anowmHckoro-Mopun) DMI

Epm = Zjij - (8; % §j)
(1,7)

(b) DMI Form 2







Bloch wall
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CreHkM hroxa HeKMpallbHbI, a Heensi KUpaJlbHBI.
KupanbsHsie (Heens) cTeHKN IBUXKYTCA OBICTpEE.
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nature ARTICLES

na'nOteCh nOJ‘Ogy PUBLISHED ONLINE: 25 JANUARY 2016 | DOI: 10.1038/NNANO.2015.315

Room-temperature chiral magnetic skyrmions in
ultrathin magnetic nanostructures

Olivier Boulle?2*, Jan Vogel**, Hongxin Yang'?3, Stefania Pizzini*5 Dayane de Souza Chaves*?,
Andrea Locatellié, Tevfik Onur Mentes®, Alessandro SalaS, Liliana D. Buda-Prejbeanu'23,

Olivier Klein'?3, Mohamed Belmeguenai’, Yves Roussigné’, Andrey Stashkevich?,

Salim Mourad Chérif’, Lucia Aballe®, Michael Foerster®, Mairbek Chshiev'?3, Stéphane Auffret'?3,

loan Mihai Miron"23 and Gilles Gaudin'23

Magnetic skyrmions are chiral spm structures with a whirling configuration. Their topological properties, nanometre size
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Figure 3: Magnetic skyrmion observed at room temperature and zero applied external mag-
netic field (a) XMCD-PEEM image of a 420 nm square dot (indicated by the dotted line) and (b)
linescan along the dotted black line (black line). The linescan has been averaged perpendicularly

to the linescan over 30 nm. The blue line is a fit to the data using a Gaussian convoluted 360° DW

profile. The orange line is the contrast predicted by the micromagnetic simulations.

X-ray Magnetic Circular Dichroism (XMCD)
Photoemission Electron Microscopy (PEEM).
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lMTomeHyuanbHasA cKopocmos nepeoavyu uHgopmayuu ¢
MOMOWbIO CKUPMUOHO8

CKOpOCTb NepemelleHna CKUPMUOHaA No4 BO3AENCTBUEM
CMUH-NONAPU30BAaHHOIO ToKa nopsaka 500 m/c.

Pasmep nopaaKa 10 Hm

OnnTenbHOCTb OAHONO CKUPMUOHA (bnuta HPopmaumn)

nopagka 2-10-11 ceKyHAapbl

CKkopocTb nepegavym MHPopmaumm No OA4HOMY KaHany
nopagka 2-10-11 cekyHAapbl.

CkopocTb nepesaun uHbopmaumn 50-10° 6um/cex.




3. CnuHoesbll 3¢hgpekm Xonna
Spin Hall Effect (SHE)

Nucoma ¢ XKITD, mox 13, cmp. 657~ 660 5 uona 1971 1.

0 BO3MOXHOCTU OPUEHTALMU YJEKTPOHHBX CMNUHOB TOKOM
M.H. Jdvaxonos, B.H. NMeperyr

P u3KKO-TeXHHUEeCKuRt HHCTHTYT

M. A.2.Motde
Axanemuyu nayk CCCP,

Mwuxann AbAKOHOB v Bhnagnmup MNMEPE/Ib




Fig. 4. Spin-Hall Effect
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Fig 3 Racetrack memorv, a step toward three-dimensional
microe ectronic devices




»» Tepazepuyoeasa cNMUHMPOHUKA
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Figure I: Graphical representation of the THz emission from FM/NM
heterostructures after fs-laser excitation of the spin system. The
magnetization points in positive x-direction, j. is the spin current in
z-direction, along the layer stacking and j. is the charge currentin
y-direction. The inverse spin Hall effect leads to the THz radiation.

The polarization of the THz field is perpendicular to the direction of
the magnetic field.




Hymauyuu (Nutations) Beyond LLG
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Tonosno2u4yecKue U3onamopebl
(Topological isolators)

CnnH-610KMPOBKa UM cnnHNOK (spinlock):
ocobble npoBoaALLMNE SNEKTPOHHbIE COCTOAHUSA
(Tononornyecku 3aLlmLLEHHbIE).




5. 3aKn0uYeHue




EPR SPIN - Priority Programs and Equipment fo

Xploratory Research

France is investing more than 38M€ in Spintronics thanks to the PEPR-SPIN exploratory
program!

lMouckoessil npoekm (PpaHyus)




Structure thématique de I’action

TP1: Materials

TP2: Characterization

MP1: Chiral textures

MP2: Spin THz

MP3: Magnonics

MP4: RF oscillators

MPS5: Spin Sensors
| 3 Novel applications

"IN BN | - -
OPEN CALLS: New ideas, new concepts

Training, Communication, International, Coordination Catherine Gour...

Lucian Prejbeanu

Projet cibleé ("Spin Waves for advanced signal
processING"). Lleneeoli npoekm «CrnnuHo8bIe 80JIHbI OISl

obpabomku cucHanoe»




THE FIRST WORKSHOP SWING (“SPIN
WAVES FOR ADVANCED SIGNAL
PROCESSING”) WILL TAKE PLACE IN

STRASBOURG (FRANCE) ON MAY, 23RD
AND 24TH, 2024.

" FIRST SWING WORKSHOP

in Strasbourg - May 23rd and 24th, 2024




Pocculickaa cnuHmpoHuKe 6bims! Bcé
0719 3Mo20 ecme...

OCHOBHbIE LeHTpbI
Mocksa UP3 PAH + MT'Y ®usdak + UHCTUTYT 0bwen
dun3mkm um. A.M. lNMpoxoposa PAH
CaHKT-MeTtepbypr (TN + DOTU PAH um. A.®. Nodde)
CapaTtoB (CapatoBckui locynapcTtBeHHbIN YHMBEPCUTET)
BnaansocTtoK (JanbHeBOCTOYHbIN [OCYAapCTBEHHbIN
YHunsepcuteTt + CaxaAMHCKUN TOCYAapCTBEHHbIU
VHUBEPCUTET)
HuxHunim Hosropop, (HHIY)
Ekatepunbypr, MHCTUTYT PU3NKM metannos nmenn M.H.
Mwuxeesa YpO PAH
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Eppur st muove !

(OHa, CIMHTPOHHUKA, JBHKETCS!)




LUnnmnHapuyeckme mardmntHbolie gomerst (LM /)
Bubble domains
(Magnetic Bubble Memory 1970s)
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Bupg ceepxy




Bloch wall
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CreHkM hroxa HeKMpallbHbI, a Heensi KUpaJlbHBI.
KupanbsHsie (Heens) cTeHKN IBUXKYTCA OBICTpEE.
















Richard Feynman: How wonderful it is in physics
you can look at the same thing from several
viewpoints.

as quoted by Michael V. Berry

Charles Frank: Physics is not just Concerning the

Nature of Things, but Concerning the
Interconnectedness of all Natures of Things

Michael V. Berry: Connections are not optional
extras in Physics, they are essential part of what
we do...




