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Intermediatebosonicmetallicstateinthe
superconductorＧinsulatortransition

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchteamledbyProf．
LiYanRong (李言荣)attheStateKeyLaboratoryofElectronicThinFilmsandIntegratedDevices,

UniversityofElectronicScienceandTechnologyofChinaandProf．WangJianattheInternationalCenter
forQuantum Materials,Peking University,uncoveredthebosonic metallicstateinhightemperature
superconductingfilms,whichwaspublishedinScience(DOI:１０．１１２６/science．aax５７９８)．

Quantum materialsandquantum phasetransitionshavebecomeresearchhighlightsinthefieldof
condensedmatterphysicsandmaterialsscienceofthecentury．Differentfromthermalphasetransitions,

thequantum phasetransitionsoccuratzerotemperatureadjustedbynonＧthermalparametersofthe
system．Duringthequantumphasetransition,besidesthesuperconductingandinsulatinggroundstates,

whetheraquantum metallicstatecanexistintwoＧdimensionalsuperconductingsystemshasbeenacore
issue(RevModPhys,２０１９,９１:１１００２)．Althoughpossiblesignatureofquantummetallicstatehasbeen
observedinvarioustwoＧdimensionalelectronsystems,theexistenceofquantummetallicstateisstillunder
intensivedebateoverthepast３０yearsduetothelowcriticaltemperatureandtheinfluenceofexternalhigh
frequencynoise．

Recently,Li􀆳sgroupand Wang􀆳sgroupdemonstratedtheexistenceofquantum metallicstateinhigh
temperaturesuperconductingfilmspatterned withanarrayofholes．Thedirectevidenceofquantum
metallicstateisthattheresistancedropsandsaturateswithdecreasingtemperatureinthelowtemperature
regime．ForhightemperaturesuperconductingYBCOfilms,thesaturationofresistanceoccursataround
５K,１０to１００timeshigherthanthatobservedinconventionalsuperconductingsystems,whichmakesthe
quantummetallicstateintheYBCOfilmsverystableandconvincing．Anultralowtemperaturecontrol
experimentindicatesthattheresistancesaturationbehaviorremainsalmostthesamewithorwithoutthe

Figure　ThesuperconductorＧquantum metalＧinsulatortransitionsinnanopore
modulatedYBCOthinfilms．

filters,whichsafelyexcludesthe
possible influence of external
highfrequencynoiseandprovides
undoubtedexperimentalevidence
ofquantummetallicstate．

Moreinteresting,theh/２e
magnetoＧconductance quantum
oscillationsarealsoobservedin
nanopatterned YBCO films,

indicatingthatthe quantum
metallicstateisbosonicand
the Cooper pairs (bosons)

playacrucialroleinquantum
metallicstate(thecarriersof
aconventionalmetallicsystem
areelectrons,i．e．fermions)．


