Van der Waals magnets for
spintronics and nanoelectronics

Two-dimensional (2D) van der Waals (vdW) lay-
ered magnetic materials demonstrate novel chal-
lenging physical phenomena and are considered as
promising building blocks for creating advanced
spintronics and nanoelectronics devices. These ma-
terials possess a graphene-like magnetic lattice
symmetry and demonstrate the existence of mag-
netic ordering down to the monolayer limit at suffi-
ciently high temperatures. The occurrence of new
topological spin excitations, insulator-metal transi-
tion, spin crossover, and superconductivity has re-
cently been discovered in vdW magnets.

Fig. 1
a) Neutron diffraction patterns of

CrBr; measured at different tempera-
tures and calculated profiles obtained

Structural, magnetic and vibrational properties
of a model representative of 2D vdW materials - fer-
romagnet CrBr;, were studied by X-ray, neutron dif-
fraction and Raman spectroscopy in a wide
temperature range of 5-300 K, Fig. 1 [1]. The mag-
netic moments of Cr ions forming a graphene-like
magnetic lattice in Br-Cr-Br layers were found to
order ferromagnetically below the Curie tempera-
ture Tc = 36 K. An anomalous behavior of the struc-
tural parameters in the temperature range of
ferromagnetic ordering, and a negative thermal ex-
pansion of the unit cell volume and quasi two-di-

using the Rietveld method. b) The
schematic view of rhombohedral
crystal structure of CrBr; with symme-
try R3. On the right van der Waals
atomic layers are shown, top and side
view.
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BaH-Ooep-BaajibCOBbl MarHeTUKU
A9 CNUMHTPOHUKUN N HAHO3NTEeKTPOHUKU

KBa3sngBsymepHble (2D) BaH-fep-BaanbCOBbI
CJIOVCTblE MarHUTHbIE MaTepuasbl JEMOHCTPUPYIOT
pAL HOBbIX GU3NYECKUX ABNEHUA U paccmaTpu-
BalOTCA B KauyecTBe MepCrneKTMBHbIX CMCTeM ANA
CO3[aHNA NepeaoBbIX YCTPONCTB CIUHTPOHWKN U
HaHO3MEKTPOHMKN. MarHUTHaA pelueTka AaHHbIX
MaTepuranoB nofobHa rpadeHy 1 B HMX Habnoga-
€TCA MarHUTHOeE yropAgoYeHe BNOTb 10 Npeaena
MOJIEKYNIAPHOrO MOHOCII0A NP JOCTaTOYHO BbICO-
KMX TemnepaTtypax. HegaBHo B BaH-Aep-BaanbCo-
BbIX MaTepuranax 6bui11 o6HapyeHbl HOBbIE TUMbI
CMHOBbIX BO30OYXXAEHWI, Nepexos AN3NEKTPUK-Me-
Tasin, CNMHOBbIV KPOCCOBEP, CBEPXMPOBOANMOCTb.

CTpyKTypHble, MarHUTHble 1 KonebaTenbHble
CBOWMCTBAa MOAEJIbHOrO NpeacTaBuUTena CeMencTBa
BaH-Aep-BaasibCoBbIX MarHeTnKoB CrXs; — CrBrs, nc-
CflefoBaHbl C MOMOLLbIO METOOB PEHTFEHOBCKON,
HeNTPOHHON AndpaKLMM 1 PaMaHOBCKOM CNEKTPO-
cKonuu B granasoHe Temnepatyp 5-300 K, puc. 1
[1]. MarHWTHble MOMeHTbI MoHoB Cr, bopmupytone
rpadeHoNnofo6HYI0 MarHUTHYIO peLleTKy B CIoAX
Br-Cr-Br, ynopagouvBatotca ¢eppomarHutTHo npu
Temnepatype Kiopu Tc = 36 K. B o6nactu T¢ obHa-
pY>K€HO aHOManbHOe NoBefleHNe CTPYKTYPHbIX MNa-
pameTpoB (puc. 2). Hnxke 3Ton TemnepaTypbl Xapak-
Tep TENJIOBOro paclmpeHmnsa obbema snemeHTap-

[1] D.P. Kozlenko et al., npj Quantum materials 6: 19 (2021). DOI: 10.1038/s41535-021-00318-5

mensional van der Waals layers in the temperature
range T < Tc were revealed (Fig. 2). In addition, an
anomalous thermal variation of interatomic dis-
tances and angles was also observed. In the Raman
spectra, these structural effects provoke an addi-
tional increase in the frequencies of most of the ob-
served vibrational modes caused by pronounced
spin-phonon coupling.

It should be noted that negative thermal ex-
pansion is a relatively rare physical effect found only
in a few classes of materials. The coefficient of linear

thermal expansion of atomic layers in CrBr; in the
region T< Tc, aj=—1.6-10% K7, is close to the corre-
sponding value for graphene at low temperatures.

The obtained results demonstrated good com-
patibility of materials such as CrX; (X — halide) and
graphene for the possible fabrication of hetero-
structures based on them. Its practical use can be-
come an important step towards the development
of an advanced generation of spintronics, nanoelec-
tronics, information recording and storage devices.

Fig. 2. a) Temperature dependences of the lattice parameters and unit cell volume of CrBr;, normalized to the correspon-
ding values at room temperature. b) Temperature dependences of distances between Cr magnetic ions inside van
der Waals layers (intra-layer) and between layers (inter-layer).
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Puc. 2. a) TemnepaTypHble 3aBUCUMOCTM NapaMeTPOB 1 06beMA SNIEMEHTAPHON AYEKM KPUCTANNIMYECKO PeLleTKn
CrBrs, OTHOPMIMPOBaHHbIE Ha COOTBETCTBYIOLLME 3HAUYEHNA MPU KOMHATHON TemnepaType. b) TemnepatypHble 3a-
BUCUMOCTU PaCCTOAHUI MeXAy MarHUTHbIMK noHamm Cr BHYTPU BaH-Aep-BaanbCoBbIX cioes (intra-layer)

mexay cnosmu (inter-layer).

HOW peLIeTKN 1 BaH-Aep-BaanibCoOBbIX C/IOEB M3Me-
HANCA C NOJIOKUTENIbHOTO Ha OTpuLaTesnbHbIN. B
obnacTv TemnepaTtypbl MarHUTHOFO YNOPAA0YEHA
TakXe Habnoganncb 3HaunTenbHble 3pdeKTbl CrvH-
$GOHOHHOro B3aMoaencTBnsA, NposBAAlWMeCca B
AHOMaJIbHOM yBENNYEHMM GOMNbLINHCTBA YacTOT KO-
neb6aTenbHbIX MO/,

CnepyeT OTMETUTD, YTO OTpULIATE/IbHOE TEenso-
BOE paclUpeHme ABNAETCA CPAaBHUTENbHO PELKM
dursnueckum 3¢pdpekTom, 0OHAPYKEHHDBIM NULLb B
HECKONIbKNX KNlaccax matepunanoB. KoapounumeHT
TEMJIOBOroO paclimMpeHns atoMHbix cnoes CrBr; B
obnactm T < Tc, aj=—1.6-105 K1, 61130K K COOTBET-

CTBYIOLLEW BenunHe ans rpadeHa B 061actn HX3-
KUX TemnepaTtyp.

MonyyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT O
XOpOoLLen COBMECTMMOCTU MaTepuranos Tina CrX; (X
— ranoreH) n rpadeHa C TOUKN 3peHUs NepcrnekTus
CO3[aHuA reTepoCTPYKTYP Ha UX OCHOBE, NPaKTU-
yeckoe M1CnoJsib30BaHMe KOTOPbIX MOXKET CTaTb BaX-
HbIM LIArom Ha NyTu K pa3paboTke nepepoBoro
MOKOJNIeHUA YCTPOWCTB CMUHTPOHMWKN, HAaHO3NEK-
TPOHUKMU, 3aNUCKU U XPaHEHNA MHPOPMaLN.
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