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Thethirdkindelectronicmemory:Fillgap
betweenvolatileandnonＧvolatile

WithsupportbytheNationalNaturalScienceFoundationofChinaandFudanuniversity,theresearch
teamledbyProf．ZhouPeng (周 鹏)attheStateKeyLaboratoryofASICandSystem,Schoolof
Microelectronics,Fudan University,Shanghai,China,bring forward a quasiＧnonＧvolatile memory
technologywithfastwritingspeedandlongrefreshtime,whichwaspublishedinNatureNanotechnology
(２０１８,１３:４０４—４１０)．

SofarthememorytechnologiesbasedonchargestoragearedividedintothevolatiletechnologyandnonＧ
volatiletechnology,bothwithstrengthsandweaknesses．Forthevolatiletechnology,thelowintegration
densityandvolatilecharacteristicsoftheultrafaststaticrandomaccessmemory(SRAM)technologyhave
restricteditsusetocachememoryapplications,whereasdynamicrandomaccessmemory (DRAM)has
limiteddataretentionability (onthetimescaleofms)andrequiresfrequentrefresh (writtenback)
operations,and,therefore,increasedpowerconsumption．Nonvolatilememorycanstoredataforaslong
as１０yearswithoutapowersupply,butitsaccessingspeedisinferiortothevolatilememorytechnology,
suchastheflashtechnologyinwhichthewritingoperationtimeisapproximately１００μs．Consideringthe
largegapbetweenvolatileandnonvolatilememorytechnologies,anewquasiＧnonvolatilememorytechnologythat

Figure　RepresentationofthequasiＧnonＧvolatilecharacteristics．Dueto
theultrahighspeedandlongrefreshtimeofthe２DSFG memory,the
gapbetweenvolatileandnonＧvolatilememorytechnologiesisfilled．

possessesultrahighwritingspeedandlongrefreshtimeisrequiredforhighＧspeedandlowＧpowerRAM．
Accordingtotheinternationaltechnologyroadmapforsemiconductors (ITRS２．０),noveldevice

structuresandmaterialswithhighmobilityandcontrolledinterfacestatesareneededfornextgeneration
electronics．TwoＧdimensional(２D)materialshavefavourableelectricalandoptoelectronicpropertieseven
attheatomicthicknessscale,whichisimpossibletoachieveusingbulksemiconductorsduetosurface
roughnessscattering．２D materialsarecharacterisedbyrichelectronicbandstructuresandtheirvander
Waalsheterostructuresarenotaffectedbythelatticemismatch．Thusfar,memorydevicesbasedon２D
materialshaveexhibitedslowspeedswiththeeffectivewritetimeof１０ms,whichismuchslowerthan
thatofthecurrentcommercialsiliconmemorytechnologies,suchasDRAM (approximately１０ns)and
flash(approximately１００μs)technologies．

ZhousgrouphaddevelopedaquasiＧnonvolatileRAM technologythatfillsthegapbetweenvolatileand
nonvolatilememorytechnologies．Using
asemiＧfloatinggate(SFG)architecture,
thechargesofthe２DSFGmemorycan
flowintothefloatinggateusingvoltage
controlwithanultrahighＧspeedwriting
operation(approximately１５ns)thatis
comparabletocommercialDRAM．In
addition,thebandＧengineeredvan der
Waals heterostructures significantly
enhancetherefreshtimeto１０s,which
isapproximately１５６timeslongerthan
thestandardtimeforDRAM (６４ms)．
BecauseoftheuniquequasiＧnonvolatile
characteristics of ２D SFG memory,
considerablepowerconsumptioncausedby
frequentrefreshoperationscanbesaved．


