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—. FERRMEEARR:

Wearegroupofcondensedmatterexperimentalistswithinterestinelectronicpr

opertiesoflow-dimensionalsystems. Throughstate-of-artnano-fabricationan
dultra-lownoiselowtemperatureelectronictransportmeasurements, weaimto
discovernewphenomenaandunderstandtheunderlyingphysics. Wehopeourw
orkeventuallywillberelevantforapplications,suchasinsensingandinthestora

geofinformation.Inthefollowing,weshowseveralexamplesofourresearchpro
jects:

Magnetismintwodimensions
Long-rangemagneticorderintwodimensionshasbeenattheheartoffundament
alresearchincondensedmatterphysics,andisalsocrucialforfutureultra-highd
ensityspintronicdevices. However,experimentalrealizationoftwodimension
al(2D)magnetismwasextremelydifficultuntilthesuccessfulisolationoftirst2
DmagnetfromvanderWaalsmaterialsCrI3in2017.Inourgroup,wemainlyusee
lectricalmeasurementmethodstoprobethemagneticpropertiesof2Dmagnets,
revealnewphenomenaandunderstandtheunderlyingphysics.Forexample,thr
oughtunnelingmagnetoresistancemeasurement,wedeterminedthephasediag
ramoflayeredantiferromagnetCrClzandfoundinterestingeven-oddeffect,we
havedemonstratedthepersistenceofmagnetisminatomicallythinMnPSscryst
als.Incollaborationwithothergroups,wealsoinvestigate2Dmagnetismwitho
pticalmeasurementmethods,suchasscanningsingle-spinmagnetometryand
magneticcirculardichroism.

CrCla nf2

H_ Spin-flip
K \ 0k
Bi-layer >
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References:NatureNanotechnology14,1116-1122,(2019);Science364,973-
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976,(2019);NanoLetters20,2452-2459(2020);2DMaterials,7,015007(2020
)

2Dspintronicdevices
Spintronicdevicesutilizespininstatedofchargetostoreandprocessinformatio
n,sothattheycaninprincipleofferlow-powerconsumptionandultrafastspeed.
2Dmaterialsareidealcandidatesforfabricatingultra-highdensityspintronicde
vices,because2Dmaterialscanbehighqualityevenatatomicallythinlevelandt
heinterfacesofheterostructurescanbeatomicallysharp.Inourgroup,wearedes
igningandfabricatingdifferenttypesofspintronicdevicesbasedon2 Dmaterial
s,includingclassicmagnetictunnelingjunctions(M TJs)withultra-thinbarrier
andnewtypeofgiantmagnetoresistancedevicesconstitutedbymulti-spin-filte
1s.

MTJ [ Spin Filters
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References:NatureCommunications9,2516,(2018);NanoLetters18,4303-43
08,(2018)

Quantumtransportingraphene
BecauseoftheDiracnatureofitschargecarriersandthepresenceoftwovalleys,g
rapheneisthefirstpredictedtwo-dimensionaltopologicalinsulator. Topologic
alstatecharacteristicshavenotbeenobservedexperimentally,becausethestren
gthoftheintrinsicspin-orbitinteraction(SOI)istooweak. Weproposedthatthest
rengthofSOlingraphenecouldbestronglyenhancedthroughtheproximityeftfe
ctfromtransitionmetaldichalcogenides(TMDs)substrate. Theenhancemento
fSOIwasunambitiouslydemonstratedbytheobservationofweakanti-localizat
ioneffect,andthetypeandamplitudeofinducedSOIwasobtainedbycombining
measurementsofShubnikov-deHaasoscillationsandtheoreticalcalculations.
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References:NatureCommunications6,8339(2015);PhysicalReviewX,6,041
020(2016)




Superconductivityinonedimensionalcarbonnanotubes
Nano-structuringisawell-knownmethodtoengineermaterial’sproperty,butin
troducingsuperconductivityisnotwithinitsscope. Whengraphenerollsintona
notube,itispredictedthattheelectronphononinteractionpotentiallywillbeenh
ancedbyitscurvaturethusleadtosuperconductivity. Twotypesofsuperconduct
ingresistivebehaviorswasobservedin4d Angstromsinglewallcarbonnanotube
s,oneisquasionedimensionalfluctuationsuperconductivitywiththermallyact
ivatedphaseslips. Anotheroneisthequasil Dto3Dsuperconductingcrossovert
ransition,whichisattributedtoaBerezinskii—Kosterlitz—
Thoulessliketransitionthatestablishesquasi-long-rangeorderinthetransverse
plane.

1 0.0 .
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 25 30

TK) TK) TK)

References:Proc.Natl. Acad.Sci.,106,7299-7303(2009);Nanoscale,4,21(20
12);PhysicalReviewB,81,174530(2010);ScientificReports2,625(2012)
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FRFZEHRFNFFERNETF SRR, B ERUERFZNRER
BRIERFZHRFSHFEEEIERRRE, Hme LIARR SR FE
PRREVEEARFOR, ANCER—BEETTRFZEESEIHAR, £
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(1) XAERAREZRE=NEBFHEFEAARRFZRENETE, &
HR FERNET 30 SMNRFNRE. Soil 7SRRI —ERSINFHR
BUET(E, FRNEBETHREZEEE AT R, ME, AAREIME S
RHTHF—RSHMRIS I TERE, HRBHENEIEGIES X, AR
i 7 I — SR MR EIS B LR R ERU T, STSEIRERIESIAA
RHN TR R SRR AL 7. ETNSHNSEERESUE, AAH
TTEMIEORAR. FIEERUEN 52Co REHIE, JEET 52Ni
PEENE, X—RUEET MINTFPREEAIAIR, FISH TEPERRFEH
RPBEFERT B HEZANRGIERGSEARNN SR . FIANER
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