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論文内容の要旨

　　　　Two　dil鵬nsional（2D）materials　such　as　grapl16ne　alld　transition　metal　dichalcog藺ides

（TMDCs）mollolayer　possess　unique　physical　and　chemical　pぎoperties．　Graphene　is　a　zero　bandg〔lp

semic◎ndミlcto1㌧while　TMDCs　such　as　Molybd斑um　Disul負de（MoS2）possess　a　dlrect　band　gap

←1．8eV）．　Hence，　it　is　qu▲te癒sc｛nating　to　combine血ese　two　materials　taking　advanねges　of　their

illdividual　properties　to　devdop　novel　device　apPiications．　In　tl亘s　regards，　high《］uality　synthesis　and

damage　fξee　transfbぎof　these　materials　are　two　key　su句ects　fbr　practical　apPlicati◎ns．　In　this　thesis，

the　synthesis　processes◎f　high　quality　grapllene　and　M◎S21ayers　are　explored　as　well　as　their　cle餌

and　damage　f｝ee　trans允r◎nto　arbitrary　substrate　fbr　device魚brications．

　Chapter　I　descr韮bes　mai垣y　the　general　introduction　of　2D　mate！うals　with　their　physical　and

chemical　prope牡ies　together　with　methods◎f　synthesis．　lt司so｛ncludes　their　e飽ctive仕ans勧onto

arbitrary　substrates．　Doping血graphene　and　graphene　based　heterostruc加res　are　also　expla㎞ed　in

thiS　C】bapte輻

　Chapter　2　deals　with　the　exper加ental　details．　At簸10spheric　chemical　vapor　deposition（APCVD）

technique　was　employed　fbr　thβsynthesis　of　2D　materials．　Tra箪sfer　methods　fbτgraphene，　CN聡



砲dMoS2　are　also　discussed．　Ni仕ogen　doping　in　graph頭e　using　di挽rent　precursors　is　als◎apa貴of

this　chapter．　Details　about　the　fabrication　of　hybrid　structures◎f　graphene　with　CNTS　and　MoS2　are

given　in　th三s　chapter．

　　In　Chapter　3，　it　is　dem◎nstrateぷhat　the　transfer　process　of　large－area　graphene　film　onto　fユexlble

cellulose　acetate（CA）substrates　by　a　hot　press　technique．　The　CA　based　substrate　was　not

compatible　with　acetone　and　PMMA　supporting　layer　in　a　c◎nventional廿ansfbr　process．　The　CA

substrate　was　hot　pressed　ont◎the　graphene　synthesized　Cu　fbil　fbUowed　by　etching　of　the　base　Cu

to　obtain　the　graphene　coatmg　directly　on　the　CA　substrate．　A　clean，　continuous　and　damage－f｝ee

graphene　transfbrred　onto　the　CA　substrate　was　ob抱ined．　The　graphene　film◎n　CA　substrate　is

h｛ghly　conducting（Rs～2　kΩ／ロ）as　measured　by　electrical　measurements，　suggesting　that　it　can　be

used　as　buHding　bl◎ck　f～）r　paper　based　electronic　devices．　The　developed　process　can　be　signi6ca疏

負）rgraphene　transfbr　ont◎moldable　substrate　materials　with　the　advantage　of　n◎t　using　polymer　and

organic　solvents。

　　Chapter　4　demonstrates　the　synthesis　process◎f　a　three　dimensional（3D）hybrid　stぎucture　of

Graphene　and　ve牡ically　aligned　lnulti－wall　CN聡（VAMWCNTs）using　a　single　s◎lid　carb◎n　source

（camphor）・Optical　and　transmissi斑electr皿micr◎scopies（TBM）con五rmed　the　out－of二the　plane

growth　o☆he　CN鷹on　the　transferred　graphene　film　and　structure　of　CNTS　and　graphene　in　the　3D

system・CulTent－voltageぴ一V）m㈱surements　were　carried　out　to　hwestigate　in　plane　an（l　out　of　plane

electrical　characteristics　of　the　3　D　system．　The　VAMWCNTs－graph飽e　struc加re　showed　a　contact

resistance　of　255Ωand　this　low　contact　resistance　can　be　signific鋤t　fbr　practical　device

applications．

　　In　chapter　5，　Graphene－MoS2　heter◎structue　and　its　application　in　non・v◎latile　memory　device

have　been　dis銀ssed．　TEM　and　sca㎜ing　transmission　electぎon　microscopy－high－angle　a㎜ular

dark品eld（S題M－HAADF）studies　were　carried　out　to　observe　the　atomic　level　struc重ure　of　the

synthesized　high　quality　MoS2　crystals，　An　o〆off　ratio　as　high　as　2．5×茎◎3　was　obta垣ed　in　the

癒bricated　Polymethyl　methacrylate（PMM〔A）－MoS2／graphene　m斑｝ory　device　which　is　attributed　by

chε汀ge　trapping　and　de－trapping　behavi◎r　of　M◎S2　in　the　蔓）resence　of　P㎜．丁’he　developed

material　system　and也e　demonstrated　memory　dev三ce　fabrication　process　can　be　a　significant

platR）rm負）r　next　generation　data　storage　applications．

In　Chapter　6，　N－doped　g∫aphene　synthesis　using　Melamine，　Polyacrylonitrile（PAN）and　l，3－

traizine　as　a　N－source　and　Camph◎r　as　a　C－source，　respectively，　by　APCVD　teclm輌que　is　explained．

The　ato西c　perce就of　nitr◎gen　was　tuned　by　varying　the　amount　of　precursors．　Raman　and　x－ray

phot◎electron　spectroscopy（XPS）analysis　was　carried　out　to　confi㎜the　presence　and　amount　of

nitぎoge⑪given　s㎝ples．　Mela面鵬w韮th　camphor　wε田tumed　ouぱo　be也e　best　choice　among　ab◎ve

precursors　since　it　provide　5．2　at％◎fN　which　is　highest　among　them

　　Chapter　7　summarizes　the　wh◎已hesis孤d　f㎞mre　prospects．



論文審査結果の要旨

　　Low　dimensional　nanornaterials　swh　as　carbon　nanotubes（CN驚），　graph斑e　a丑d　m◎lybd鋤um

disu1丘de（MoS2）monolayer，　a　kind◎f仕ansition　metal　dichalcogenides（TMDCs），　possess　unique

physical　and　chemical　pr◎pe鷲ies．　Hence，　it　is　quite　fasclnating　to　hybrid輌ze　those　nanomaterials　taking

advantages　of　their　individual　prope牡ies　to　develop　novel　device　applications．　In　也is　thesis，　the

synthesis，　transfer　and　hybridization　of　those　nanomaterials　are　tackled＿

　　Chapter　1・describes　a　brief　imroduction　about　graph銀e，　N－doped　graph斑e，　MoS2　and　CN官．

　　Chapter　2　deals　with　a11　instrume斑al　methods　including　synthesis◎f　pure　and　N－doped　graphene，

MoS2，　and　vertically　aligned　CM㌔，together　wi也the　transf已methods　fbr　graphene　and　MoS2．

　　Chapter　3　demonstrates　the　transfbr　process　of　large－area　graphene　film　◎nto　flexible　cellulose

acetate（CA）substrates　by　a　hot　press　technique．　Using　this　tec㎞ique，　clean，　continuous　and

damage－f≧ee　graphene　transferred　ontq　the　CA　substrate　was　achieved．　The　graphene釦m　on　CA

substrate　is　highly　c◎nductlng（Rs～2　kΩ／［コ）as　measured　by　elect亘cal　measureme斑s．　The　developed

process　can　be　significant　fbr　graphene　transfbr　on　vari◎us　moldable　substrate　mater輌als．

　　In　Chapter　4，　the　synthesis　process　of　a　tl宴・ee　dimensional　hybrid　structuτe　of　gぎaphene　and　verticaUy

aligned　CNTs　using　a　s輌ngle　solid　carbon　source（cεmphoΣ）is　demollstrated．　Highly　dense　vertically

aligned　CNTS　were　grown◎n　a　trallsferred　graphene　film　to　fabricate　the　hybrid　struct磁〔e．　The　achieved

seamless　c◎ntact　of　vertically　aligned　CNTs－graphene　film　is　significant　fbr　low　comact　resistance

（255Ω）and　dlereby　practical　device　application．

　　III　chapter　5，　graphene－MoS2　heter◎structue　and　its　application　in　non－volatile　memory　device・have

be斑discussed．　An　o㎡off　ratio　as　high　as　2．5×103　was◎btairled　in　the　fabricated　polymethyI

methacrylate（PMMA）－MoS2／graph頭e　rnemory　dev輌ce　which　is　a仕曲uted　by　charge　trapping　and

de－trapping　behavior　of　MoS2　in　the　presenCe　of　PMMA．　The　developed　material　system　and　the

demonstrated　memory　device　fabrication　process　can　be　a　signi五ca雄platfb㎜征next　generation　data

storage　apPl輌catioI〕s．

　　Chapteぎ6deals　with　the　N－doped　graphene　synthesis　using　melamine，　polyacrylorlitrile（PAN）and　1，

3－traizine　as　a　N－source　and　carnpho婁as　a　C－source，　respectively，　by　atmospheric　chemical　vap◎r

deposition　tec㎞ique．　Rate　εmd　amount　of　evaporation　aごe　the　key　factors　to　get　good　quality　of

N－doped　graphene．　As　con飯med　by　Raman　and　x－ray　phot◎electron　spectrosbopy　analyses，　melamine

with　camphor　was　tumed　out　to　be　the　best　choice　am◎ng　the　prec征sors　tested　here　since　it　provided

5．2at％ofNwhich　was　highest　among　them

　　Chapter　7　summarizes　the　whole　thesis　and　f批u！’e　prospe戊s．

These　ne輔ndings　were　published　in　3　high－impact食ctor　j　o㎜als（36rst　author　papers）including

RSCAdva成es，　and　this　is銀ough　worth　fbr　PhD　thesis．
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