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Thinrjlmsofα-BEDT-TTFiodldeweresLudledandroundLoshowanewstruc【urebesidesitsnormalcrystaJst】ucture;the
perIOdicityLnthedlreCtJOnOfthea-axisisabouttwotJmeSaSlargeasthatoFJtScrystalvalue.Theappearanceofth)snews【ructure
lSCOnSLdeledtoberesponslblefoHheanomalousmetal-Insulator【ransl【10nreportedpreviouslySimilarstructureswerealso
observedforthJnrllmsofα.-BEDT-TTFiodide.

1.Introduction

Sincephysicalpropertiesoforganicmaterials
stronglydependonthemolecularstructures,itis
veryimportanttOdeveloptechniquestocontrol
themolecularstructuresasexpectedtoenab一e
thederivationoftheirnew functions.Among
thesetechniques,vacuum depositionhasbeen

consideredtobeveryhopefulforthegrowthof
thedesignedthinfilms.However,inorderto
realizethisprocedure,characterizationofthe
electronicstructureofthethinfHmsgrownonan
atomicscaleisnecessary.
Recent1y,Kawabataeta】.[1]studiedtheprop-
ertiesofthinfilmsof(BEDTITTF)213grownbya
vacuumdeposltiontechnique,andreportedthat
ametaトinsulatortransitionwasobsen/edinthis

materiaJ,asinthebuLkcrystaL,whilethetransi-
tiorlappearedathighertemperatureandthe
changeintheconductivitywithtemperaturewas
rathergradua一comparedwiththatinthebu一k
crystal.
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InordertoclarifythepecuHarpropertiesob-
servedforthethinfilmsofBEDT-1TFiodide,
Westudiedthesurfacestructureofthinfilmsof

thismaterialbyscanningtunnelingmicroscopy
(STM).

2.Experimental

BEDT-TTFpowderwithiodinepreparedby
directreactionwasusedasarawmaterial,which
wassublimatedataround2000Cinanalumina

crucibleanddepositedonaglasssubstrate.The
temperatureofthesubstratewaskeptat70oC,
andthepressureofthechamberwas-1xlOL3

Paduringdeposition.Typicalthicknessofthe
filmsobtainedwas-500nm.Someofthemwere

annealedat90oCfor40hinal一lnOrdertostudy
theeffectofannealing,andthesewillbereferred

toas"annealedsamples"hereafter.Thestruc-
turesoftheas一grownandtheannealedthinfilms
wereexaminedbyX-rayanalysisandfoundto

havea-andαl-phases,respectively,andthefilms
wereobservedtogrowwiththeab-planeparallel
tothesubstrate[1].Inthecaseofbulkcrystals,
theα-phaseisknowntoshowametaトinsulator
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Flg1.Topographicimagesofas-grown((a):20×20F▲m2,(b)‥5×5FLm2)andannealedfilms((C)･12×12FLm2,(d)'=0.4×0.4
ilm2)･

transition,andtheα.-phaseshowssuperconduc-
tivityat5K.TheSTM obseⅣationsforthese
sampleswereperformedinairandatroomtem-
peraturewithPt-IrtlpS.

3.Resultsanddiscussion

Fig1showswide-scanimagesobtainedforthe

as-grownandtheannealedthinfilmsamples(fig.
1aas-grown20x20FLm2,fig.Lbas-grown5x5
FLm2,fig･1cannealed12x12FLm2,fig.1dan-
nealed0.4×0.4〃皿2).Theseimagesdepictis-
landstructures,thesizesofwhichare-1/⊥m
fortheas-grownand0,1FLm fortheannealed
samples.Uponannealing,thesurfaceseemsto

roughenandthesizeoftheislandsbecomes
smaHer,whichiscollSideredtobecausedbythe
sublimationofiodinesfromthesurfaces.

Fig.2showsacloserimageoftheas一grown
filmobtainedatthesamplevoltageof10.1mV,
Twokindsofrows,eachofwhichincludestwo

kindsofprotrusions,areobseⅣed.Thesizeofits
unitcell,inwhichtherearefourprotrusions,is
～0.93×1.1nmZ,andisingoodagreementwith

thatoftheab-planeofthea-(BEDTITTF)2I3
crystal(0.92xi,09nm2),asisshowninfig.3.
Fourkindsofprotrusionscanbeassignedtothe
BEDT-TTFmoleculesintheab-plane,aswas

doneforthe(BEDT-TTF)2Cu(NCS)2Crystalsur-
facel2],andthedirectionoftherowsisconsid-
eredtobethecrystala-axis.Aswasobservedfor
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Fig.2.CurrentLmageOftheas-grownfilmobtalnedat【he
sanlPlevoltageof10.1mV(6.0×6.0nrn2)｡Unllcel】isdrawn

rorreference.

thesurfaceofthesinglecrystalofβ-(BEDT-

TTF)213[3],therearedefectsconsistingofvoids
ofBEDT-TTFmolecu一es,whichisconsideredto

indicatetheinstabilityofthissurface.

Fig.4Showsacurrentimageobtainedinanl

otherpartoftheas-grownsample.Thesample

voltagetothetipwas-57.7mV.Fourkindsof
protrusionscanbeseenclearly.However,thesize

oftheunitceHis-2,1×1.4nm2(axb);about

twotimeslongerinthedirectionofthea-axis

thanthatofthebu一kcrysta一(0.92nm).

Althoughitisnotc一earatthispointhowthe

electl･Onicandthegeometricstructuresaremodト

-t 二 二 …-

Fig.3.MolecuJar'lrTangementOfBEDTITTFlntheab-plane
oftheα-(BEDT/rTF)2I3Crystal(a-092nm.b-I.D9nm)
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Fig_4_CuTTentimageoftheas-grownfilmobta]nedatthe
sampkvoltageor-57.7mV(70×70nm2).Unitcellis

drawnforreference.

tiedspatially,iLiscertainthattwodifferentstruc-
turesexistinthesamesample.Theconductance

behavioroftheα-(BEDTITTF)213thinfilmswas
reportedlothedifferentfrom thatoftheslngle
crystals;theformershowsthegradualdropof

conductance around 160 K,while an abrupt
metal-insulatortransitioncanbeobse工Vedat135

Kforthelatter[4].Ourresultsmayindicatethe

premonitorysymptomsofthe metal-insulator

transitionappearinginsomepartsofthethin

filmsevenatthenormaltemperature;thenew

structureappearinginthefilmsinadditiontothe

normalstructuremayberesponsibleforthepecu-

liargradualtransitionbehaviorwhichappearsat

asomewhathighertemperature.

Fig.5showstheimageobseⅣedforthean-
nealedsample.Thesamplevoltagetothetipwas

17.4mV.Theperiodicalstripestructurecanbe

seen;however,everyrowhasthesameimageand

individualmoleculesarenotresolved.Thispoor

resolutionisconsideredtobecausedbythepoor

condltlOnSOfthissurface.Despitethefactthat

theannealedα-phasecrysta一isknowntohave

theα1-PhasefromX-raydiffraction,theperiodic-
ityoftherowsobsen′edhereis-2.】nm,which
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Flg5,Cur)enllm'lgeOf(heannealedflJmobtalnedaHhe
sarTIPIevo一tageof174mV(25×25nm2).

isalmosttwotimesaslal･geaSthatoftlleCrystal

valuealongtheα-axisoftheα1-Phase(0･924nm)･
SuperconductivityofthinfilmsofαL-Phaseis

verified by magnetjzation measureTentS[5]･
Howevel･,thechangeintheconductivltyforthis
transitionisnotsosharp,whichhasbeeninferred
bytheexistenceofthe disordered structure
aroundthegrainboundary.lnconsiderationof
theseresults,thenewstructureobservedforthe

annealedα.-phasethinfilmsmaycorrespondto
thestructureobservedfortheas-grownα-phase

thinfHms,which isconsidered locausethe
metaトjnsutatortransition.Thenewphaseinthe
annealedflllllSmaybeemphasizedbecauseofthe
peculiarconditionofthethinfilms.Furtherex-
perimentsarenecessarytoclari～thispoint.

4.Conclusions

ThesurfacestructuresofthinfiJmsofBEDTI

TTFIOdidewerestudledbySTM.Filmsofα-
(BEDT-TrF)iodidewereobservedtoshow a

newstructureinadditiontoitsnol.malcrystal

structure;thepel̀iodicityinthedirectionofthe
a-axisjsabouttwotimesaslargeasthatofits
crystaLvalue.Theappearanceofthisnewstruc-
tureisconsidered to beresponsibleforthe
anomalousmetal-insulatortransitionreportedby
KawabataetaLSimilarstructureswerealsoob-

servedforthinfilmsofα.-BEDT-TTFIOdlde･
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