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ChemicalsynthesisoftwoＧdimensional
electronicdevices

WiththesupportbytheNationalNaturalScienceFoundationofChina,acollaborativestudybyresearch
teamledbyProf．JiaoLiYing (焦丽颖)fromtheDepartmentofChemistry,TsinghuaUniversityand
Prof．RenTianLing (任天令)fromtheInstituteofMicroelectronics,TsinghuaUniversity,proposeda
nonＧdestructivestrategyforbuildingintegratedcircuitsbasedontwoＧdimensional(２D)materials,which
waspublishedinNatureElectronics(２０１９,２:１６４—１７０)．

Asthedimensionoftransistorsisapproachingthethermalandquantumlimits,furtherscalingofthe
devicesisbecomingincreasinglydifficultandcostly．Asaresult,considerableefforthasbeenexertedin
exploringthepotentialof２DelectronicmaterialswhicharepromisingforconstructingultraＧshortchannel
devices．However,asthereareonlyafewatomsintheverticaldirectionoftheseultrathinmaterials,itis
veryeasytointroducedefectsandimpuritiesintothem when usingconventionaldevicefabrication
processes, which leadsto degradation in device performance．Therefore,developing new device
manufacturingstrategiesthatarespecificallydesignedfor２Dsemiconductorsisessential．

Toaddressthischallenge,theirgrouppresentedanew devicemanufacturingstrategyin which２D
electroniccomponentscanbechemicallysynthesizedandintegratedsimultaneouslyinasinglestep,
creating２Ddevicesinwhicheachcomponentintheactivelayerisconnectedviacovalentbondsinsteadof
physicalinterfaces．TheasＧsynthesizeddevicescanbeworkedimmediatelywithoutanyfurtherfabrication
process．TheapproachinvolvesthephaseＧpatternedgrowthofatomiclayersandusing２D MoTe２asthe
activematerial．Thisstrategynotonlysignificantlyreducedthecontactresistanceandstructuraldamages
inultrathinsemiconductorsbutalsogreatlyfacilitatedthedesignandoptimizationsofcircuits．Asaproof
oftheconcept,theysynthesizedarraysoffieldＧeffecttransistors(FETs)withburiedlocalgates,logic
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devices and radio frequency devices． The
obtaineddevicesexhibitedhighperformance．

The approach is based on ultrathin
materials,andthusultrashortchannelscanbe
createdthroughtheintroductionofnanoscale
gates．Thedensityofintegrationcanalsobe
significantlyincreasedthrough３Dintegration
via repeated growths at different levels,
providing new possibilities for extending
Mooreslaw．Thedemonstratedcombination
ofchemicallysynthesized２Ddevicesandsoft
polymersalsoprovidesnewinsightintothe
construction of flexible and wearable
electronicdevices．Therefore,thisapproach
providesanalternativedesignarchitecturefor
futureintegratedcircuitsandopensadirection
for building highＧperformance electronic
devices based on ultrathin materials．
Moreover,this workalsodemonstratesthe
powerofchemistryinthefurtherscalingof
electronicdevices．


