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Broad energy-bands of continuous-network-structure molybdenum films
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IntcrbaI1dabsorPtioI1()fcoI1tinuous-network-structｕｒｃ（CNS）molybdcI1umfiImswithawcight
thicknessbeIowabout3nmweakenedandshiftedtohigherenergiescomparedtointerband

absorPtionofcontinuous-thinmolvbdcnum剛mswithbulkcnergybands・Thiswcakcningandshift

agreesqualitativeIywiIhthatobservedi、伽erbandabsorptionofmetaIparticles,whichhaveenergy

bandsbroadenedbylatticecontraction・Bascdonthisagrecment，ｔｈｅｗｅａｋｅｎｉｎｇａｎｄｓＭｉｉｎｔｈｅ

ＣＮＳｍｏｌｙbdenumfiImscanbequalitativelyascribedtoenergy-bandbroadening・Ｔｈ“，CNS

molvbdenumfillnswithaweightthickncssbclowabout3nmhavebroadercnergybandscomparcd

IoMkmolybdenum.◎２川Ａ"lel加伽ﾉ"s伽"ど"Wzy伽.[doi:l(川fM3496柵］
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EncrgybaI1dsofmctalsareoffundamcntal伽crcstin

solidstatephysicsoInterbandabsorption，duetotransitions

bctweenclcctronicstatesincncrgybands,rcflectsthccnergy

bandstructure，Thus、theinvesIigationofinterbandabsorp‐

tionofmctalsisuscfU1fbranundcrstandingofthccncrgy
bandsofmetals、

Thcformationofacontinuous-thinmetalfiImonan

amorpho“substratebvvacuumevapora(ioninvoIvesthe

fbllowingsteps:'(1)fbrmationofsmallnuclci;(2)growthof
thenucIeiintois伽dparticles;(3)growthofthe棚Ildpar‐

ticlesbvthccoalescenceofsmaIlerislandparticlcs:(4)for‐

mat畑ofacontjnuous-network-sKructure(CNS)６Imbythe

coalcsccnccoflargcislandparticlcs;ａＩ１ｄ(5)acontinuous‐

thinhlm，IsIandparticleSwiIlher“fKerberelもｒｒｅｄｔｏａｓ

‘6particlcs.，，

Asvstemconsistingofpar〔iclesdisIributedonthesub‐
stratcsurfaceiscalledtheisIandｆｉｌｍ・ＣＮＳｍｃｔａｌｔｉｌｍｓ，in

whichthemelaldeposit脂separaにｄｂｙＩｏｎｇ，irreguIar,and
narrowchanncls、areintermediatebetwccncontinuous-thin

metaIfiImSandmetal-islandillm鈴．InterbandabSorptionof
continuous-thinmetalfilmsisalmostthesameasthatofthe

bulkmcta1.2andthusshowingcncrgybandsalm《〕stthcsamc
asthoseofthebulkmetaI，Latticeconstantsofmetalpar‐

ticlcscontractwithdccreasingparticlcsizcbccauscofthc

hvdrosKaticpressureduetotheparticlesurfacestress,３Stud‐
icsofintcrbandabsorptionofmc勉l-islandfiIms4-6have
shownthatenergybandsofme〔alparticlesbroadenwithlat‐
ticccontraction、

TherehasbeenverylittlestudyofinterbaI1dabsorption

andcnergｙｂａｎｄｓｏｆＣＮＳｍｃｌａｌｆｉＩｍｓ・Ifthcintcrbandab‐

sorptionofCNSmeKalｆｉｌｍｓｉｓｄｉ旅ｒｃｎｔｆｍｍｔｈａｔｏｆｂｕｌｋ

ｍｃｔａＩ、bvanalyzingthedi縦rcncc，wccanundcrstaI1dthc

characteristicsoftheenergybandsofCNSmetaｌ５１ｍｓ・

Molybdcnum、abody-ccntercd-cubic（bcc）tra11sition

metal，ｗａｓｃｈｏｓｅｎｉｎｔｈｅｐｒｅ静entstudybecausethismetal

tcnｄｃｄｔｏｆｂｒｍＣＮＳ劇ｍｓ・Thcintcrbandabsol･ｐｔｉｏｎｏｆＣＮＳ
ｍｏＩｙｂｄｅｍｌｍｆｉｌｍＳｉｓｃｏmparedtOthaIofconIinuou§-thin

molvbdenumhIms，ｗｈｉｃｈｉｓａｌｍｏｓｔｔｈｃｓａｍｃａｓｔｈａｔｏｆｂulk

molybdenumBasedonthedi舵renceinstrengthandloca‐

tionofthcinterbandabsorptionbctwccnthcscfiIms､ｔｈｃｃｎ‐

ergybandsofCNSmolybdenumfiImsarediscussedqualita‐

tively．
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SampIcsuscdinthCprescntstudywCrccontinuous-thin

molvbdenumfilmsandCNSmolybdenumfilms・

Inavacuumchamber,ahlScd-quartzsubstratc（１８×１８

×０．５ｍｍ3）ａｎｄ〔mnSmMonelectron-microscopemeshes
covcredwithacarbonfilmwcreplacedadjacentlyabovcan

evaporationsource、Thedistanceh･ｏｍ〔heevaporation
sourcetothesubstrateandmesheswas30.3ｃｍ、ＳｉＯぅwas

firstdcpositcdbothonthcsubstratealldmcshcsbvclcctron‐

beamheatiｎｇｉｎａｎｏｉｌ－ｆｒｅｅｖａｃｕｕｍｏｆ～ｌＯ－８Ｔｏｒｒ､Next,at
prcssurcsof～lO-7Torr,molybdenum(purity99､9％)ｗ浬s
depositedtoob伽ncontinuous-thiMilmsorCNSfilms､Ｔｈｅ

ｆｉｌｍｓｗｃｒｃｔｈｃｎａｎｎｃａｌｅｄｆｏｒｌｈＤuriingdepositionandan‐

nealing、thesubstrateandmeshesweremaintainedatatem‐

pcratuI･ｃｏｆａｂｏｕｔ７７３Ｋ.AftcranncaIing,ｔｏｐI･eventadsorp‐

tionorchemicalreacKionsonexposuI･ｅｔｏａｉｒ､theiilmswere

coatcdwithSiO2(thickncsslO-30nm).Thcweightthick‐

ness（nanometer)､whichcolTespondstothee縦cKivethick‐

ncssfbranidcaIcon伽uoushlmwithbuIkdcnsity,andthc

depositionrate(nanomeKerpersecond)weremonitoredwith

aquartz-crystaloscillator・

OplicaIandelectron-microscopicinves〔igaKionswere

carriedoutaftcI･cxposingthcsamplcstoair､Ｗｉｔｈａｄｏｕblc‐

beam叩ectropho〔ｏｍｅｔｅｒ(ShimadzuUV365),tranSm畑､ce

spcctrafornormalincidcnceandtheirfirstderivativcswCre

measuredinthcwavelengthrangeofl90-2500nm弧room

tempcramrcwitl血aI1cxpcrimentalaccuracyof±0.1％ａｎｄ

±[０．３（19<）Iml)-0.7(2500mm)］ｎｍ．ThC6rst-deriⅧve

spcctrawcrederivcdbvcomputerapplicationsbasedonthcご

convoluti《)ｎｍｅｔｈｏｄｆｏｒａｗ軌velengthintervalofabout4nm，

ThcimagcandcIcctron-diffractio、pattemofthCfilmswcre

investiga〔ｅｄｗｉ(heIectronmiCroScopeSoperatingａＩ２０(）ｋＶ

(HitachiH-800)[FigM(a)ａｎｄ２]ａｎｄｌＯＯｋＶ(JEOLJEM‐
１０１０)[Figs.}(h>-1(c')]．:ﾘEIcctmnicmaiI:ａｎno＠a§ahikawa-mcd､acjp、
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