Magnetic thin films for spintronics

In FLNP, reflectometry of polarized neutrons
are applied to study the properties of magnetic thin
films with a complex layered structure.

The present-day technological level of mag-
netron sputtering and molecular beam epitaxy ma-
ke it possible to produce layered heterostructures
with extremely small (up to one nanometer) layer
thicknesses. Due to the commensurability of layer
thicknesses with different correlation lengths, such
structures exhibit a number of new and unusual (in
comparison with macroscopic systems) effects,
which opens up new opportunities for the develop-
ment of nanotechnologies. Of particular interest
today are low-dimensional combined structures
with superconducting and ferromagnetic proper-

ties, in which the antagonism of these properties,
on the one hand, and the closeness in the magni-
tude of the exchange interaction length and coher-
ent superconductivity length in a ferromagnet, on
the other hand, leads to the realization of funda-
mentally new temperature phenomena related to
magnetic and superconducting states in layered
structures. Interest in such systems is due to the
need for alternative (to classical semiconductor)
technologies, for example, in the framework of the
development of spintronics and the creation of a
guantum computer.

A group of researchers from FLNP and the In-
stitute of Metal Physics, Ural Branch of the Russian
Academy of Sciences (Yekaterinburg) carried out a

Fig. 1. Periodic heterostructures with superconducting/ferromagnetic layers and their characterization by magnetome-
try and reflectometry of polarized neutrons for determining magnetization distribution in the layers.
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Puc. 1. Mepuroanyeckre reTepocTpyKTypbl CO CBEPXMPOBOAALLVMMN/PEPPOMArHUTHBIMU CIOAMM 1 UX XapaKTepr3aLma
MeTofamn MarHUTOMeTPUU 1 pedreKTOMETPYMN NONAPVN30BaHHbIX HENTPOHOB A ONpPeAeneHnsa pacnpeaene-

HUA HaMarHM4eHHOCTW B CN1OAX.

MarHMTHble TOHKUE MNNEHKU OANf CMMHTPOHUKU

B JIHO c nomoLubio pedpnekTomeTprv nonapu-
30BaHHbIX HENTPOHOB M3Yy4atoT CBOMCTBA MAarHUTHbIX
TOHKMX NAIEHOK CO CJZIOKHOW CIIONCTON CTPYKTYPON.

CoBpeMeHHbIV TEXHONOMMYECKNIA YPOBEHb Me-
TOZOB MarHETPOHHOIO HaMbINIEHVA Y MOSIEKYSAPHO-
Ny4YeBOW 3NNTaKCUM fieNnaeT BO3MOXKHbIM U3roToBJIe-
HMe CNTOUCTbIX FeTEPOCTPYKTYP C IKCTPEMANIbHO Ma-
nbiMu (0O OAHOro HaHOMeTpa) ToJLWMHAM C/I0€eB.
M3-3a copa3smepHOCTU TOMWMH CIOEB C pa3nuny-
HbIMW KOPPENALMOHHBIMU ANIVIHAMU B TaKUX CTPYK-
Typax HabMoAAEeTCA MHOXECTBO HOBbIX 1 HEOObIY-
HbIX (B CpaBHEHUWN C MAaKPOCKOMUYECKNMN CUCTe-
Mamu) 3pPeKToB, KOTOpPbIe OTKPbIBaOT HOBblE BO3-
MOXHOCTW AJ1A Pa3BUTKA HaHOTexHonornin. Ocobbli
NHTepeC CErofHA NPeACTaBAAIOT HM3KOPAa3MepPHble
KOMOVIHMPOBAHHbIE CTPYKTYPbl CO CBEPXMPOBOAA-

W1Mn 1 GeppoOMarHUTHbIMY CBOMNCTBAMU, B KOTO-
pblX @HTaroHN3M 3TVX CBOWCTB, C OQHOW CTOPOHbI, U
61130CTb NO BefIMYMHE AAnHbI 0OMEHHOro B3aMo-
LEeiCTBNA 1 KOTePEHTHOW ANMHbI CBEPXNPOBOAUMO-
CTV B peppomarHeTuke, C [pyrom CTOPOHbI, NP1BO
AT K peanusauumn NnpUHLMNManbHO HOBbIX TeMe-
paTypHbIX ABNEHUN, CBA3AHHbIX C MarHUTHbIMA 1
CBEPXNPOBOAAWMMMN COCTOAHUAMM B CJIOUCTbIX
CTPyKTypax. MIHTepec K Taknm cnuctemam obycnos-
NeH NoTPebHOCTbIO B anbTepHaTUBHBIX (K Knaccuye-
CKUM MONYNpPOBOAHWKOBbIM) TEXHONOMUAX, Hanpu-
Mep, B paMKax pa3BUTKA CMMHTPOHMKM U CO34aH1A
KBaHTOBOrO KOMMbioTepa.

lpynna uccneposatenen u3 JIHO n NHctutyTa
¢dur3unkm metannos YpO PAH (r. EkKaTepuH6ypr) npo-
BOAMIIA KOMMJIEKCHbIM aHaNIM3 MarHUTHbIX reTepo-
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comprehensive analysis of magnetic heterostruc-
tures with superconducting properties, where ex-
periments on polarized neutron reflectometry with
the REMUR instrument of the IBR-2 reactor were de-
cisive (Fig. 1). The magnetic and superconducting
properties of inhomogeneous multilayer structures
with alternating superconducting and ferromag-
netic layers (e.g., niobium/gadolinium) were studied
in detail. New, previously unpredicted effects were
observed. It was found that the superconducting
and magnetic properties of the studied heterostruc-
tures are due to the presence of superparamagnetic
clusters. At present, research is underway on rare-
earth films based on dysprosium and holmium with
non-trivial magnetic ordering. For a better analysis

of layered structures, a new mode was made on the
REMUR reflectometer: detection of the accompany-
ing secondary radiation in the form of charged par-
ticles and gamma-rays emitted after the capture of
neutrons by matter nuclei and in the form of neu-
trons with spin flip upon reflection from a magnet-
ically non-collinear medium (Fig. 2). As a result, the
spatial resolution in determining the position of the
emitting layer from the reflection curves was im-
proved to 1 nm.

The results of the study can be used in the de-
velopment of systems with specific electronic prop-
erties, such as superconducting spin valves,
magnetic memory devices, and polarized electron
injectors.

Fig. 2. lonization chamber (1 — neutron beam; 2 — input and output windows; 3 — cathode; 4 — grid;
5 — mesh frame; 6 — anode) for measuring intensity of reflected neutrons (1) and charged particles (2) from
Cu(10nm)/V(55nm)/ CoFe(5nm)/SLiF(5nm)/V(15nm)//glass. Neutron reflection coefficient (1,2) and the coefficient

of secondary radiation (gamma-rays) (3,4).
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Puc. 2. MoHusaunoHHasA Kamepa (1 — ny4oK HENTPOHOB; 2 — BXOAHOE N BbIXOAHOE OKHa; 3 — KaTof; 4 — CeTKa;
5 — paMKa ceTku; 6 — aHopA). IHTEHCMBHOCTb OTpaXKeHHbIX HEMTPOHOB (1) 1 3apaAXKeHHbIX YacTuy, (2) Ana
Cu(10HM)/V(55HM)/CoFe(5HM)/SLiF(5HM)/V(15HM)//cTekno. KoadduumeHT oTpaxxeHuna HeMTPoHOB (1,2) n Koaddu-

LIMeHT BTOPUYHOTO M3yyeHUs (ramma-KBaHTbl) (3,4).

CTPYKTYP CO CBEPXMPOBOAALLMMN CBONCTBAMU, rAe
peLalLWnMn ABASIOTCA SKCMePUMEHTbI Mo pedrek-
TOMETPUUN NONAPU30BaAHHbBIX HENTPOHOB Ha yCTa-
HoBke PEMYP peaktopa MIBP-2 (Puc. 1). leTanbHo
M3yvanncb MarHUTHbIE U CBEPXMNPOBOAALLNE CBON-
CTBa HEOHOPOAHbIX MHOTOCIOMHbBIX CTPYKTYP C Ye-
peaywmnmMmnca CBepxnpoBoaaLMY 1 peppomar-
HUTHBIMK CI0AMU (HanpuUmMep, HNOOWIA/TafoNNHIIA).
Habnopanucb HoBble, He NpeAcKasaHHble paHee,
3¢ deKTbl. YCTAaHOBNEHO, UTO CBEPXMNPOBOAALLME U
MarHUTHble CBOWCTBA WCC/IeAOBaHHbIX reTepo-
CTPYKTYp 0OyC/IOBNIEHbI HaMunem cyrneprapamar-
HUTHbIX KNnacTepoB. Ha AaHHbI MOMEHT BeayTCA
nccnefoBaHNA pefKko3eMesibHbIX MIEHOK Ha OCHO-
BE OUCNPO3MA U rofibMUsA C HETPUBMAJIbHBIM Mar-
HUTHbIM yriopsagoyeHuem. [ina 6onee KauecTBeH-

HOrO aHanu3a C/IOUCTbIX CTPYKTYP CO34aHa 1 nNpu-
MeHeHa HoBasa Mmopa Ha pednektomeTpe PEMYP: pe-
rMcTpauma ConyTCTBYIOLWEro BTOPMYHOIO 13yye-
HWA B BUAE 3apAXKEHHbIX YacTUL, 1 raMMa-KBaHTOB,
BblJleTaloLWMX nocse 3axBaTa HEMTPOHOB AAPaMK
BellecTBa 1M B BUAE HENTPOHOB C MEepeBOpPOTOM
CMYHa NPV OTPaXKeHMX OT MarHUTHO-HEKOInHeap-
Hon cpepbl (Puc. 2). B pesynbraTe NpoCcTpaHCTBEH-
HOe pa3peLleHure Npu onpegeneHnn ns pednekto-
MeTPMYECKNX KPUBbIX NMONOXEHNA N3MTyYatoLlero
cnos ynyudweHo Ao 1 HM.

Pesynbratbl paboT MOryT ncnonb3oBaTbCA B
pa3paboTke cnCTeM C 3alaHHbIMW S1EKTPOHHbIMM
CBOWCTBaMWU, HAaNpuUmep, CBEPXNPOBOAALLMX CMIMHO-
BbIX BEHTUMIEN, YCTPOWNCTB MarHUTHOWM NaMATN, UH-
»KEKTOPOB MNONAPU30BAHHbIX 3/1IEKTPOHOB.
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