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Giantnonreciprocalsecondharmonicgeneration
fromlayeredantiferromagnetisminbilayerCrI３

WiththesupportbytheNationalNaturalScienceFoundationofChinaandtheMinistryofScienceand
TechnologyofChina,theresearchteamledbyProf．WuShiWei(吴施伟)atFudanUniversityandProf．
XiaodongXuattheUniversityofWashingtonSeattlediscoveredagiantandnonreciprocalsecondharmonic
generationfromlayeredantiferromagnetisminbilayerCrI３,whichwaspublishedinNature(２０１９,５７２:
４９７—５０１)．Thisworkmayleadtonewnonlinearandnonreciprocalopticaldevicesbasedon２Dmagnets

Figure　Secondharmonicgenerationfrom
layeredantiferromagnetisminbilayerCrI３．

andhighlightSHG asahighlysensitiveprobefor２D
antiferromagneticorder．

Secondharmonic generation (SHG)isa ubiquitous
nonlinearopticalprocess,whichisnotonlyimportantfor
technological applications, but also indispensable for
investigating symmetryＧrelated fundamental phenomena
thatareotherwisechallengingtoprobe．Todate,SHG
phenomenaareusuallydominatedbythesystems with
brokenlatticeinversion symmetry．In crystals with a
centrosymmetriclatticestructure,SHGcanexisttoo,for
example,duetotheunderlying magneticorder,butis
generallybelievedtobeaveryweakeffect．

NowtheteamuncoveredagiantandnonreciprocalSHG
inthenewlydiscovered,antiferromagneticCrI３ bilayers,
whichpossessacentrosymmetriclatticestructure．They
demonstratedthatthe SHG solely originatesfrom the
unique layered antiferromagnetism, where individual

monolayersareferromagneticandtheirinterlayermagneticcouplingisantiferromagnetic．Suchamagnetic
structurebreaksbothspatialinversionandtimereversalsymmetries,necessaryfortheelectricdipoleＧ
allowednonreciprocalSHG．Foradirectcomparison,theyshowedthatthevalueof|χ

(２)|,ameasureof
thestrengthofSHG,is~３ordersofmagnitudestrongerthanthatintheCr２O３bulk(amodelmaterialfor
studyingantiferromagnetismＧinducedSHG),and~１０ordersofmagnitudestrongerthantheSHGinduced
bysurfaceferromagnetismintransition metalthinfilms (thefirstmaterialsystemforobservingthe
magnetizationＧinducedSHG)．

TheabilitytoaccessantiferromagneticstatesthenenabledthemtorevealthesymmetryofspinＧlattice
structureinCrI３forthefirsttimebypolarizationＧresolvedSHG．Thisiscrucialforunderstandingthe
microscopicoriginofinterlayerantiferromagnetisminCrI３,whichwaselusiveduetolackofstructural
information．ItwasreportedthatbulkCrI３crystalpossessesrhombohedralstructureatlowtemperatures
(＜２００K)．However,theoreticalcalculationssuggestthatsuchacrystalstructureshouldleadto
ferromagneticinterlayercoupling,ratherthantheexperimentallyestablishedantiferromagneticcoupling．
WiththeextremesensitivityofSHGtosymmetry,theyruledouttherhombohedralstructurebyobserving
thebrokenthreeＧfoldrotationalsymmetryintheCrI３bilayerbelowtheNeéltemperature．Rather,they
uncoveredtheC２hsymmetry,whichestablishesthatthemonoclinicstructureisresponsibleforthelayered
antiferromagneticgroundstates．Thisunderstandingshouldbethefirststepfordevelopinganewtheory
forunderstandingthemagneticpropertiesofCrI３．


