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AhighＧperformanceflexibletransparent
conductivefilmofcarbonＧweldedsingleＧwall

carbonnanotubes

WiththesupportoftheNationalNaturalScienceFoundationofChina,aresearchteamledbyProf．
ChengHuiMing(成会明)andLiuChang(刘畅)fromShenyangNationalLaboratoryofMaterialsScience,
InstituteofMetalResearch,ChineseAcademyofSciences,recentlyreportedahighＧperformance,flexible
transparentconductivefilm (TCF)composedofcarbonＧweldedsingleＧwallcarbonnanotubes(SWCNTs)
inScienceAdvances(２０１８,４:eaap９２６４)．

TCFsareanimportantcomponentoftouchscreens,smartwindows,liquidcrystaldisplays,organic
lightＧemittingdiodes,andorganicphotovoltaiccells．Indiumtinoxide(ITO)hasbeenthemostwidely
usedtransparentconductivematerial;however,thelimitedreservesofindiumandthebrittlenatureof
ITOhinderitssustainableapplicationinflexibleelectronics．SWCNTfilmsshowexcellentflexibility,
desirableopticalpropertiesandgoodelectricalconductivity,andtherefore,isapromisingcandidatefor
makingflexibleTCFs．However,theoptoelectronicperformanceofSWCNTTCFssofarreportedisfar
awayfromthoseofITOTCFs．ItiswellＧproventhattheintertubejunctionresistanceandbundlingeffect

Figure　(A)Opticalimageofan８０mm×８０mmSWCNTTCF．
(B)TEMimageofanisolatedSWCNT network withcarbonＧ
weldedjoints． (C) Transparentconductive property ofthe
SWCNT TCFs．(D)Opticalimageofalit OLED usingthe
SWCNTTCFastransparentelectrode．

arekeyissueslimitingthetransparentelectricalpropertiesofSWCNTTCFs．
Profs． Cheng and Liu􀆳s group and

collaborators haverecently synthesized a
SWCNT thin film composed ofisolated
SWCNTs with carbonＧwelded joints for
TCFs by an injection floating catalyst
chemical vapor deposition method． By
tuning the nucleation and growth
concentration of SWCNTs, ８５％ the
SWCNTsareisolated;bycontrollingthe
contentofcarbonsource,a“carbonwelding”
structureisformedattubeＧtubejunctions．Itis
demonstratedthatthecarbonＧweldedjoints
convertSchottkycontactsbetweenmetallic
and semiconducting SWCNTsinto nearＧ
ohmicones,whichsignificantlylowersthe
intertubejunctionresistance．Duetotheir
uniquestructure,thepristineSWCNTfilms
showarecordlow sheetresistanceof４１
ohm □－１at９０％transmittancefor５５０Ｇnm
light．AndafterHNO３treatment,thesheet
resistancefurtherdecreasesto２５ohm □－１,
betterthan that of ITO on a flexible
substrate．ThesehighＧperformanceSWCNT
TCFs with good flexibility show great
potential for use in various flexible
electronicandphotoelectronicdevicesasa
transparentelectrode．


