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RealizationofathreeＧdimensional
photonictopologicalinsulator

Figure　DiracＧlikesurfacestatespropagatethrough
thesharpbents．

WiththesupportbytheNationalNaturalScienceFoundationofChinaandZhejiangUniversity,the
researchteamledbyProf．Chen HongSheng (陈红胜)atZhejiangUniversityinChina,andtheircoＧ
workers,theSingaporeresearchteamledbyProf．BaileZhangandProf．YidongChong,experimentally
realizedathreeＧdimensionalphotonictopologicalinsulator,whichwaspublishedinNature (２０１９,５６５:

６２２)．
Confiningphotonsinafinitevolumeishighlypursuedinmodernphotonicdevices．Recently,inspiredby

thediscoveryofexoticquantumstatesknownastopologicalinsulators (TIs)inthecondensedＧmatter
physics,theemergingfieldoftopologicalphotonicshasrevolutionizedthetraditionalviewsonlight
propagationandmanipulation,openinganavenuetowardsthediscoveryoffundamentallynewstatesof
lightandpossiblerevolutionaryapplications．However,allexperimentalrealizationsofclassicalanalogues
ofTIshavethusfarbeenlimitedtotwoＧdimensional(２D)．

ToextendtheconceptofphotonicTIfrom２D
to３D,oneproposalisfindingabiＧanisotropic
(magnetoＧelectriccoupling)materialthatpossesses
bigphotonicbandgaps．Basedontheresearchof
metamaterial,Prof．Chen􀆳sgroupdesignasplitＧ
ringresonatorstructure(aclassofclassicelectromagnetic
artificialatoms,or “metaＧatoms”)withstrong
magnetoＧelectriccoupling．UsingdirectnearＧfield
imaging measurements,they mapoutboththe
gapped bulk bandstructureandthe DiracＧlike
dispersionofthesurfacestates,whichisthekey
ofa３DphotonicTI．Thesesurfacestatesbehave
therobust propagation along a sharply bent
surface,confirmingthetopologicalprotection．

ThisexperimentalworkrevealedintheNature
paperextendsthefamilyof３DTIsfromfermions
tobosonsandpavesthewayformanyunprecedented
opportunities in photonics applications such as
topologicalphotoniccavities,circuits,andlasersin
previouslyinaccessible３Dgeometry．Itmayextendto
otherbosonicsystems,suchasphononic(acoustic/

mechanical)structuresandcoldＧatomsystems,and
therebyofferunprecedentedpossibilitiesforcontrolling
wavesin３Dgeometries．


