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QuantumanomalousHalleffectinanintrinsic
magnetictopologicalinsulator

SupportedbytheNationalNaturalScienceFoundationofChina,theresearchteamledbyZhangYuanBo
(张远波)andWangJing(王靖)fromtheDepartmentofPhysicsatFudanUniversity,andChenXianHui
(陈仙辉)fromtheDepartmentofPhysics,UniversityofScienceandTechnologyofChina,observedthe
quantumanomalousHall(QAH)effectinanintrinsicmagnetictopologicalinsulatorforthefirsttime．

Figure　A,ChargetransportdeviceforfewＧlayer
MnBi２Te４flakes;B,atomicstructureofafiveＧlayer
MnBi２Te４ flake;C,QAH effectinafiveＧlayer
MnBi２Te４flake．

TheresearchwaspublishedinScience(２０２０,６４８０:８９５—９００)．
Generallyspeaking,theresistanceofa materialdependsonitsgeometry．Quantum mechanics,

however,allowstheexistenceofthinＧfilm materialswhoseresistanceisnotaffectedbydetailssuchas
shapeordefectconfigurationofaspecificspecimen．Inparticular,thetransverseresistanceofthethinfilm
issolelydeterminedbyafundamentalconstanth/e２,wherehisthePlanckconstantandethechargeofan
electron．Suchaneffect,termedQAHeffect,wasfirstdiscoveredinchromiumＧdoped(Bi,Sb)２Te３byXue
QikungroupatTsinghuaUniversityin２０１３．Thequantizedtransverseresistanceimpliesadissipationless
edgeconductionchannelthatmaybeusefulinlowＧpowerelectronicdevicesand metrology．Itisalso
anticipatedthatQAH materialsmayplayaroleinfuturetopologicalquantumcomputing．

TheexperimentalobservationoftheQAHeffectinchromiumＧdoped(Bi,Sb)２Te３representsatriumph
intopologicalquantummaterialresearch．However,thefineＧtuningoftheratioofmultipleelementsposes
achallengeformaterialgrowth;additionally,therandomlydistributedmagneticdopantsactasimpurities
thatlimitthequalityofthespecimens．

Thedifficulties withtheaboveextrinsic magnetic
topologicalinsulators prompttheteam tofocus on
intrinsicmagnetictopologicalinsulatorMnBi２Te４ which
hasaninnate magnetic order．Bulk MnBi２Te４ isa
layeredvanderWaalscrystalthatcanbeviewedasafew
stackedlayersofthesinglecrystal．Theteamfabricated
three,fourandfivelayersof MnBi２Te４ devicesand
observedrich magneticstructuresresultingfrom the
interlayer antiferromagnetic coupling in an external
magneticfield． More importantly, when the team
probedafiveＧlayerspecimen,theyobservedtheQAH
effectatatemperatureof１．４Kelvin．Thisisthefirst
timethatthe QAH effectisobservedinanintrinsic
magnetictopologicalinsulator．Inaddition,theteam
observedtheconventionalquantum Halleffectinthe
samespecimen．

Theseobservationsdemonstratethatthequalityofthe
intrinsicallymagneticMnBi２Te４isnowabletomatchthe
bestmagneticallydopedtopologicalinsulators;thereis
ampleroomforimprovementinthefuture．Theteam
anticipatesthatvander Waalsheterostructuresintegrating
MnBi２Te４withothermagnetic/superconducting２Dmaterials
willprovidefertilegroundforexploringexotictopological
quantumphenomena．


