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Robustmemristorsbasedonlayered
twoＧdimensionalmaterials

WiththesupportbytheNationalNaturalScienceFoundationofChinaandNanjingUniversity,the
researchteamledbyProf．MiaoFeng(缪峰)attheNationalLaboratoryofSolidStateMicrostructures,
SchoolofPhysics,CollaborativeInnovationCenterofAdvanced Microstructures,Nanjing University,
developedarobustmemristorwithexcellentthermalstabilityandflexibility,withresultspublishedin
NatureElectronics(２０１８,１:１３０—１３６)．

Manyindustrialfieldsrequireelectronicdevicesoperatinginharshenvironmentsoftemperatureover
２００℃．Forexample,theelectroniccomponentsandsensors,usedformonitoringtheoperatingstatusof
turboengineinaerospaceindustryandassistingdrillingoperationsintheoilandgasindustry,areoperated
inultraＧhightemperatureenvironments．Usually,specialcoolingsystemsintegratedwithconventional
devicescanensurethenormaloperationoftheelectronicdevicesathightemperatures．Consideringthe
longＧtermstabilityofthesystemandthecostreduction,itismoredesirablethatelectronicdeviceswithout
anyauxiliaryequipmentareabletooperateunderhightemperatureconditions．However,choicesof
electronicdevicesoperatingathightemperaturesareverylimited．

Memristorisconsideredtobeoneofthemostnoteworthyemergingstoragetechnologiesinthepost
MooreEra．However,memristorsalsofacetherobustnessissues,whichposeachallengetomultiＧdomain
applicationsinthefuture．VanderWaalsheterostructurebasedonlayeredtwoＧdimensional(２D)materials
offersanunprecedentedopportunitytocreatematerialswithatomicprecisionbydesign．Bycombining
superiorpropertiesofeachcomponent,suchheterostructurealsoprovidespossiblesolutionstoaddress

Figure　 Crystal structure of the robust
memristor(center)andrelatedapplications．

variouschallengesassociated withtheelectronicdevices,especiallythose with vertical multilayered
structures．

Inthisstudy,Miao􀆳steamdevelopedarobustmemristorbasedonvanderWaalsheterostructureoffully
layered２D materials (graphene/MoS２－x Ox/graphene)whichdemonstratesexcellentthermalstability
lackingintraditionalmemristors．Thedeviceshaveshowntheexcellentswitchingperformance with
enduranceupto１０７andhighＧtemperatureoperationofupto３４０℃,whichisrecordＧhighformemristors．
Theteam performedinsitu highＧresolution transmission
electronmicroscopy (HRTEM)studiesonthe MoS２－x Ox

membranes at high temperatures． They observed that
MoS２－xOx membrane has excellent thermal stability at
temperaturesupto８００℃,suggestingthatthelayeredcrystal
structureof MoS２－xOxisresponsibleforthehighthermal
stabilityofthedevices．Furthermore,theteamperformedin
situ investigations of scanning transmission electron
microscopy(STEM)onthecrosssectionofthedeviceto
reveal the robust nature． Based on the experimental
observation,aswitchingmechanism wasproposedtobethe
migrationofoxygenions．Thedevicesfabricatedonflexible
Polyimide (PI)substrate also show excellentendurance
againstmechanicalbendingofover１０００times．Thisnew
typeofmemristorhighlightsthesignificantpotentialofusing
two dimensionallayered materialsto createreliable and
thermallystableelectronicdevices．


