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OpticaIabsomUonofindium-islandliIms,consistingofindiumparticlessmallerlhanaboul500A 
indiameに囚hasbeeninvestigaledexperimentally・nleinte｢bandabsorption,thepositionofwhich
isalmostconstanl(atabout234nm)iITespectiveofparticlesize,wasfbundlodisappearinpaTticle 
sizesbelowabout200Aindiamelerm1isdisappearanceispointedoutlobesimilarlotha1inIead 
particIes,wherethcdisappeamnccisduetotheeflEclo「surfacealoms･OpticaIplasma-resonance
absorptionappearedat276-335nmBysimuIalinglhisabsorpIionwilhaMaxweIl-Garnett-lype 
eHbclive-mediumIheoJy，weinvestigatedtherclaxationUmeＴａｎｄｔｈｅｍｅａｍＩｉＥｅｐａｌｈｌｏｆ 
ｃｏｎｄｕｃtionelectrons・TaJudノfbrpamcIesizesofaboull20andl60ＡindiameIcra1℃estimaにdto
be（3.33-336)x10-l6sand5､79-5.85Ａ,疋spectiveIy,whichissmallerlhanthebulkvalues
(O38x10-14samd66」Ａ).mesmalITandlareattnbutedtothescatteringoflheconduction
eIectronsatIallicedefbctsintemaltotheparticles.○２０“Ａme"cα〃肺J"luにｑ／’ﾉi)Asj“．
[DOI:101063/1.2033151］ 

ＬＩＮＴＦｌＯＤＵＣＴＩＯＮ reIaxaUontimeandmeanfiEepaIhofconductionelemons 
onheindiumparticlesinapolyclystallinestaに．

Oplicalpropertiesinmmsitionfiumlheatomictolhe 

solidstaにａＪ℃offimdamemalintereStinsolid-sKatephysics・
qustcrsandsmallpalticIcsにprCsentaspecialsta1eofmat‐
terimermediaIebetweenatomsandsolids,solhaItheyaJ己

welIsui【cdlostudysuchopticalpruperties・Mctalparticles
smalIerUMmlhewavelengthofincidentlighlshowinterband 

absorptionand/oropticalpIasma-resonanceabsomtion 
causedbypIasmaoscillationsofconductioneIecmnsinlhe 

particlea1 
OpUcalabsomtjonofsimple-polywhlent-metalparticIes 

hasbeenstudiedonlymrlcad2andaIuminumparticles,3-5 
whichfb『misIandliIms､１，にadparticIes,ZtheinteTbandab‐
sorplion，duetothetTansiIionfTumtheinilialstaにatlhc

bottomofconductionbands,disappeaJBinpaJticlesizesbc‐ 

lowaboul300AindiameにrandbefbHEIhedisappearanceits
posiUonisaImostconstanLT1UisisbecauseIhedensityo「
state(DOS)altheIowerportionoftheconduclionbandsis 

decrcascdbyIheeffbctofsuThlceatoms､zFmmlheanalysis 
oftheoplicalpIasma-resonKmceabsorptiono「aIuminum-

islandIilms，ithasbeenrcported3､４fbraluminumparticles 
thallhe正IaxationlimeandmeanfiEepalhofconduction
elecmnsmainIydependonlhescaItelmgalIa1ticedefbcts 

withintheparticIesandaICmuchsmaIlcrthanthebulk 
vaIues、

IndiumisasimpIc-poIyvalentmetaIwi(ｈａｂｏｄｙ‐ 
centeTed-letragonal（bct)slruclu雁.Thereisve｢ylittledata

onIheopIicalabso【ptionofindiumparticles・Ｉ、【ｈｅｐ泥scnl
study,ｗｅｐｏｉｍｏｕｌｔｈａ【lhesimiIaritylotheinlerbandab‐
sorpliono「leadparliclcs2isimportanlinlheanalysisofthe
ime｢bandabsorpIionofmdiumparticles・Ｂａｓｃｄｏｎｔｂｅｓｉｍｕ‐

ladonoflhcopticaIplasma-rcsonanccabsoTIionofindium‐ 

islandlilmsconsistingofindiumpamc]es､wcinvesuigaIclhc 

ＩＬＴＲＡＮＳＭｎＴ汎ＮＣＥ

ThelmnsmittancefbrmulafbrconUnuousthinmetal 

film,theIhicknessdofwhichissmalIerthanthewavelength 
AofincidcnIlight(２，ﾉ＜八),isapplicablclomeIal-isIand
lilmwithaweightthicknessdw(whichislhelomlvolumeof 

melalparticlesperunitsubstraにsurfacearea)６smalIerthan
A(2ｍｊｌりく入).71nthiscase,whenthemelaI-islandliImcon‐
sislsofmetaIparticleswhichar℃ｔｈｅｓａｍｅｓｈａｐｃａｎｄｓｉｚｅ 
(Le.,whenlheTeisnodistributionsofparticleshapeand 
size),thetmnsmittanceTfbrnormalincidenceo｢lightcan 
beexpl己ssedbasedonlheMaxwelI-Gametl-typeeffbctive-
mediumtheory(EMT)asfblIows:８ 

"緊薑卜歳竿炳篝,△鯲IＬ（,）
whel巳niisthe肥hactiveindexoftheiso灯opicmediumhom

whichUghtismcident,〃JIherefmctiveindexo｢theisotmpic
transparentsubstrate,７３[=4"ハノ("i+"`)2]thclrxmsmittance
IbrthebarCsurfaceofthesubs【mte，eqlhcintclparticledi-
elecIricconslant,andFthccHEctivedepolarizationInclo『of
themetal-islandIilm､Fincludestheparticle，sdcpolanzalion 

IacIo喝whichdependsonthepa｢ticIeshape,lhedipoleinteF
aclionsbetweenIhepaniclcs,andthedipolcinlemcUonsbe‐ 

tweenthepanicIesandIhciTmiITorimagesmIhesubstmte・

Ashasbecndoneinthepresemstudy,thcralioT/Ｂcan 
bemeasureddirect]ywithadoubIe-beamspectmpholomeにr

usedwithabarcsubslrnleasrcにTcncesampIe・ｇａｎｄＡｇｉｎ

Ｅｑ.（１）areTeIaIcdlothedieleclTicconstanlcioflhemeta］ 

particlesbyIherda1ion8 

g＋i△g＝に/ｅａ－ｌ)-1. （２） 
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ＷｈｅｎｅｉｃｏｎｓｉｓｌｓｏｆｏｎｌｙＩｈｃＤｍｄｅｅｑuaUonwmha 

pIasmahequencyqpanda配laxaIionlimeTofconducUon
cIcclrons,cjisexpressedas9 

ei='一《`イル2+myが（３）
Asiswellknown，TdcpendsonthescattelingofconducUon 
eIectrons・

IntheopticalpIasma-resonanceabsorplionofmetal‐ 
isIandfilms,lheabsorptionpeakdependsoIudk､and缶lhe
posiIionofthcabsorptionpeａｋｄｅｐｅｎｄｓｏｎＦ,andlhebroad-
ening(i・巳,lheplasma-oscillationdamping),duelothescal‐
にnngofconduclionelecIrons,dependson舐

■■５００Ａ 

FIG１．ElecmnmjcmgmphsfbrIheindium-isImdlilmswiIhpamcledi-
ametcUBofabDut(a)440and(b)160Ａ・TheoplicalspectmandIhepanicle‐
sizedisIribudonofIhenlms(a)ａｎｄ(b)mEshowninFigs､２(b)ａｎｄ３(a)． 

にsPcmveIy．

鵠矧鶴鰯M:HhjU1:腰:l1Ai1H:IF調ilMHli磯
theindiumpamclesaI℃inapolycrystalUnestatc，whichis 
opticaUyisolmpic、

OnIythebctsIructurCcouldalwaysbeidenlifiedin 
e】ectron-diflractionpattemsonhelilmswithparticlediam‐
elerslmgerthanaboutlOOA,implyingthatthechalDgeof 
indiumparticlesinlocompoundsbychemical肥actionsoc-
cun℃。、1℃ly・TheeIectron-difYtactionpaltemsweredifficult
loobservefbrfMmswilhparticlediamCterssmalIerthan 
aboutlOOAｂｅｃａｕｓｅｏｆＩｈｅｌｏｗｃｏｎＩｍｓｌｄｕｅｔｏｌｈｅSiO2 

coating・Thus,ｗｅｗｅ”､otabletoidentifytheclystalstmc‐
tu唾ofindiumparticlessma1Ierthanthissize・Ithasbeen
reportedIlthaIindiumparticlessmaUe｢lhanabout50Ain 
diameterhaveacubicstrucIuにatatempcratu1℃ｏｆ120Ｋ．

WecouIdnotconIirmsuchparticles・Here,itisassumedIhat
indiumparlicIessmallerthanaboutlOOAindiameteralso 
havethebctstructu唾．

WeinvesUgaledIhediametel5oflhｅ（101）ａｎｄ（011） 
dilTTactionrings,TherewaslittlediffbTenceinthediameters 
betweenIilmswithparticlediamelersofabout520,220,ａｎｄ 
ｌ２０Ａ・Thus,weconcIudedthatconlractionoflatdcecon‐
stamsdoesnoloccurinindiumpanicｌｅｓlaIgerthanabouI 
12OAindiamclcm 

Ⅱ1.ＥＸＰＥＲＩＭＥＮＴ 

Ｉｎａｖａｃｕｕｍｃｈａｍｂｅ瓜afmsed-qumzsubs【ｍＩｅ（ｌ８ｘ１８
ｘＯ５ｍｍ３)andelcctlon-microscopicmeshcscoveredwitha 
carbonfilmwereadjacenllyp1acedaboveanevapomtion 
source､medistance(303cm)fmmtheevaporaUonsou1℃c 
lothesubslrateequa]edthattothemeshes・

ＳｉＯ２ｗａｓｌｉｌｓｔｄｅｐｏｓｉＩｅｄｂｏｔｈｏｎｔｈefUsed-quaItzsub‐ 
sUateandthemeshesbyelecmn-beamheatinginanoil-ftCe 
vaｃｕｕｍｏｆ～lO-8Twr・Next，ａｔｐ雁ssur℃ｓｏｆ～10F7TorT，
indium(Pu｢ity99.，”9％)wasdeposiledinordertoobtain 
isIamdfilms，TheIilmswerelhenannealedfbr1h・During

deposilionandannealing，thesubslrateandmcsbeswerB 
mainlainedatalempemtureofabout293K・AfieraHmealing，

IheIilmswe雁coatedwilhSiO2(lhickness30仏ｌＯＯＡ)to
pTevcntadsorptionorchemicalreactionsonexposulBtoar、
TmewcightthickneSsandthedeposiUonratewerBmonitored 
withaquartz-c｢ystaloscillatol;TiansmiltanceofIheevapo‐ 
”tedSiOzIilmwasalmos(constantwilhinthespectralmnge 
ofinleにslhe妃．

OpUcalandelectron-mic｢oscopicinvesligationswere 
calTiedoutafierexposingthesampIesloaimWithadoubIe‐ 

beamspectlophotometer(ShimadzuUVL365),tmnsmittance 
spectmfbrnonnaIincidenceandtheirlirstderivativesｗｅ応
measuredinlhewaveIengIhrangeofl9L2500nmatroom 

lemperatuTewithintheexpcnmentaIaccuracyo「±0.1％ａｎｄ
±[0.3(190mm)-0.7(西00,m)]nm､nlelirsl-dcrivativespcc‐
lrawe｢cderivedbycomputerapplicalionswhcrCtbefirst‐ 
dcrivaIivecalculatingfmctionwasconvolutcdlothelrans． 

ｍi【tancespectmmdividedatawaveIengthin【crval(0.4-40
mm).T11escaIeonhefilstderivaUvcisvariabIe(1-100).Thc 
besIIirst-deriwItivespcctrumwasobtainedwhenthewave‐ 
IenglhimervaIwas4､０，ｍ・Thus,theIi鱈tdenwllivein(his
paperisba5edonlhechangeinlhelransmiuimceat4,O-nm 
inlervals・T11eparticlesizeandelcclron-difYTacIionpatlem
wc祀invesligaledwithancleclronmicroscopeopcratingaI
200kV(HitachiH-800).FOTsimplicity,weassumedlhepar‐ 

licleshape，diHiCultIoobservethreedimensionally，Iobe 
sphcricalandcslimaledlheparticIediamelerby肥garding
theIengtharoundtheoutsidcoflhcpaTticleas（ｈｅｃｉ１ｍｍ‐ 
化rcnce､T1uepanicle-sizedistribumonwasｓｈｏｗｎｉｎｖｏ1.％．

Ｂ,SpectrumofindiumparticIes 

lnderivativcspecIra,'２astepappearingintheIirstde-
｢ivativeshowsthepresenceofabsorption・TWostcpswere

Ibundbelowaboul500nminlheprBsentstudy・Thus,specm
inawavelengthrmngeofｌ９０－１０００ｎｍａＩ造showninlhe

presenlpaper・T11epositiono｢lhemaximumslopeinthestep

corTespondstothepositionofIheabsomtionpeak・ｌ２ＩｎＦｉｇｓ・
Ｚａｎｄ３，lhealTowindicaleSlheposilionofthemaximum 
sIope,andIhcposiUonofIheabsomtioninthelransmittance 
speclraistha【indicatedbythearTow・

TheexpcrimenlaIspeclraoflheindium-isIandIilmswith 
C 

particIediame1ersofabou1520,4｣10,360,260,and220AaJC 

showninFigs､２(a)-2(e),respectiveIy・Thefilmo｢Fig.２(b）
isshowninFig．’(a）Thepositionoflheabsorptioniｓｅｘ‐ 
pressedbelowhyA±△入．nlisexpIcssionshowsthatIhe
sIopeisalmsmaximuminthepositionｍｎｇｅｏｆい－△入)‐
(入＋△入).Theposilionorabsorptionlis(a)235±３，ｍ,(b）
233±３，ｍ，（c）233±３，ｍ．（｡）234±４，ｍ，ａｎｄに）
235±５nmAbsom1ion2isposi1ioneda【(a)335±５，ｍ,(b）

323±７，ｍ，（c）314±６，ｍ，（｡）306±４，ｍ，ａｎｄ（e） 
300±６，ｍ． 

IVbRESUETS 

AEIectron-microscopiclnvestigation 

Figu塵５１(a)ａｎｄｌ(b)showIhcclcctronmicrographsof
lheimdium-islandIilmswilhpanicIcdiamc【ｅｍｓｏ「aboul440
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FIG､３.Experimen皿tmnsmiltancespectm(solidcurws)Ｄｎｄｔｈｅｄｍｖａ‐

tives(dottedcurves)ofindjum-ishndlilmswiIhpaⅡticledia血起Iersofabout
(a)160.(b)120,mm。(c)60AindiameIe唾TheweightUuiclmessesaIE(a）
33.2.(b)22J,(c)11.1.a､｡(｡)６６Ａ､TTledeposiIicnmlesw牢(a)O｣4,(b）
013.(c)0.12.and(｡)0.00Ａ/s,T11esquaｪ巳dcuwes錘thBsimulatedtmns‐
miIUancespecmlnll鯉simulaUon･lheweighMhjcknes率…(日)38.8｡(b）

21.6,and(c)9.3Ａ.andIheembctivedepolaHizaUonmdoT$…(a)0214.(b） 
0.220,and(c)0.241. 

5０ ０ 

0 で

ＷＡＶＥ１回UCITudnmD

nG.２.ExperimcnIalmnsmjtIancespectTa(solidcI｣wes)andthBdcriva‐ 
uve$(donedcurves)ofindium-islandmmswiIhpmicledia､巳feⅡちofaboul

(a)520,(b)440.(c)360.(｡)260.and(e)220Ａ.、砥weightIhiclmesses…
(a)116.1,(b)88.5,(c)77.4,(｡)55.3,日｣1．(ＣＭ4.2Ａ.T1ucdepositjonmIcs
w巴祀(a)0.12,(b)0.07.(c)Ｏ｣1,(｡)0.10.and(e)Ｏ｣４Ａ/smlesqu錘d
cuwesaxDUbesimulaledmnsmjIImDespectm,Inqhesimulanion.Iheweight 
thiCknesSes…(c)140.4,(｡)80.4.ｍｄ(e)58.6Aandlh色elYbctivedeIか
lanzationmcto応唾(c)0.198,(｡〕0.1”､and(C)0.20Ｍ$．

tion2couldbefbundfbrthederivativesinFig3,inwhich 

thepositionofabsorpUon2is(a)292±６，m,(b)289±７，，， 
(c)278±８，m,ａｎｄ(｡)276±10,m・

Tmeindium-islandlilmsinthepr己sentstudyconsistof

paniclessmallerthanthewavelengthofincidentlight・n1us，
asmentionedinSec・Llheindium-isIandnlmssbouldshow

interbandabsorpUonand/oropticalplasma-rpsonance 

absorption 

Opticalplasma-肥sonanceabsmptionofmelal-island

filmsshiftsloashorterwaveIengthwmhdecreasingweight 
thickness148becauseoftheincreaseinFinEq.(1).nnis 
shifiischamcteTisticoftheopticalplasma-I己sonanceabsolP‐

tionofmetal-islandmms・ＡｓｓｈｏｗｎｉｎＦｉｇｓ,Ｚａｎｄ３,absolp‐

Uon2isshifiedtoashorterwavelengthwithdCcTeasing 

weightlhickness、SuchashifiagT巳eswiIhlhechamcterisIic

mentionedabovc,PIDvingabsorpUon2tobeopticalplasｍａ‐ 

妃sonanceabsonption．

FigulBs3(a)－３(c)showIheexperimentalspectraofthe 

indium-islandlilmswithparticlediametersofaboutl60, 

120,and60Ａ,唾specUvely・ThefiImofFig､3(a)isshownin
Fig,２(b).TrCparticlesizefbrthefihnofFi８．３(｡）was 

diliiculttoinvesugaにusingelectronmicrDscopebecauseof

thelowcomraslduetotheSiO2coaling・Thepartjclesizelbr

theliIminFig.３(｡)isp妃sumablysmallerlhanthalfbrthe

IilmofFi9.3(c)becausetheparticlesizebecomessmaUer 

withdecl巳asingweightIhickness・l30nlytheslepfbrabsorp-
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ｎｍｉｎＦｉｇ,２.Inlhepresentstudy,thus,interbandabsorplion 

ⅧＷ:ＩＩｌＨ;i:１W:WiMt鯛鶏{::鯛淵CD｡＆
oflhe3dbandsoflhebulk,ｌｈｅＤＯＳｏｆｔｈｅ３ｄｂａｎｄｓｏｆｔｈｅ 

ｓｕｒｆａｃｅｌａｙｅｒｉｓｓｍａｌｌａＩｔｈｅｌｏｗｅｒｐｏｒｔｉｏｎａndIargeaI1he 
uppe「ponion．ⅣlisisbecausethecooIdinationnumberis
lowerfbrsurfaceatomsthanfbrbulkatoms･TheDOSofthe 

bandsofmelalparticlesshouIdchange丘omabuIklikesmte
toasurface-laye限likestatewithdecr℃asingparticlesize,ｂｅ－
ｃａｕｓｅｔｈｅｍｔｉｏｏｆｓｕｒｆｎｃｅｔｏｖｏｌｕｍｅａｔｏｍｓｉｎｃｒ巳aseswith

decr己asingparliclesize・Thus,theDOSoflhebandsonhe

metalparticlesdecI℃asesatthelowerportioｎａｎｄｉｎｑ℃ases 
atlheupperporlionwilhdeclEasingparticlesize・

Oneofthecondjtionsofoccu正nceofinterbandabsorp‐
tion,duetolmnsiqionsbetweentheinitialandfinalbands,is 

thalIheDOSfbrtheinitialbandis1arge,InmetajparticIes， 
ifIheinitialbandispupsentatthelowerporlionofIhebands， 
inUerbandabsorptionshouIdweakenordisappearwithde‐ 
cr巳asingpaniclesizebecauseoftheDOSdecTcaseatthe

lowerportion･Inlhiscase,ｗｈｅｎｔｈｅＤＯＳｄｅｃｒｃａｓｅｉｓｓｍａＵ， 
theshiftofthepositionoftheinitialbandisunlCmarkable 

andthuｓｌｈｅｐｏｓｉＵｏｎｏｎｈｅｉｎにrbandabsmption応mams
almostconstant､z 

lntheleadparticles,２interbandabsomtion，lheinilial 
bandfbrwhichispositionedatUlebottomoflheconduction 

bands,disappearBinpamiclesizesbelowabout300Ain 
diameteranditspositionlEmainsalmostconstant(atabout 

288nm)befbにlhedisappearance､T11edisappeamnceand
lhealmostconstantpositionhavebeenasclibedtoIheDOS 
declpasementionedabove･ 

AtpIEsenLonlyIheinteTbaJldabsoIptionoftheleadp錘
ticlesissimilartothatofindiumparlicIes;Ｌｅ.,inbothcases 

IhepositionisalmostconstantbefmEdisappeamncebelowa 
cenainparticlesize・ThissimilaJiwsuggeslsthatasinthe
leadparticlestheinitialbandispositionedatthebottomof 
theconducUonbandsandthedisappearanceTesulIsfmmthe 
DOSdecreasebasedontheIowcooldinationnumberofsu炉

faceatoms． 

■ユ１
（
誤
）
四
○
ｚ
定
Ｆ
』
■
二
ｍ
ｚ
『
犀
』

ＦＩＧ５.Thesimulmed甘nnsmltancespectmmbasedontl唾nmdifieddielec-
IncccnstanIofbulkindiulnTTmsspectmmcmTuspondstoIhespemumin 
Fig､2(a)・InOhesimulalion,I鵬weightthicknessis301,DAmndIh巳eneclive
depolmizaUonfncIorisO｣45. 

ＶＢＤｌＳＣＵＳＳＩＯＮ 

Ａ･Comparisonwithp幅vIousdata

Severalauthors2ohavestudiedlheopUcalabsolptionof 
bulkindiumandfbundimerbandabsolptionatabout207and 
885nm・Basedonlhedielectricconstantclnofbulkindium2I
andonEqs.(1)ａｎｄ(2),weilwestigatedtheinterbandab‐ 
sorp[ｉｏｎｐにviouslyfbund2oasfbllows、

Aswithothermetals,ｓ,nconsistsoftheDmdetermG/b 
givenbyEq.(3),andtheinにrband-tmnsitiontermaB化h
=＆'+免b)．ＷｃｍｏｄｉｈｅｄＢ,nbysubstimtingT(336
x10F16s)ｉｎparticIesofaboutl20Aindiameter(Tnblel） 
fbrthebulkf(O38x10-14s)'8ｉｎ牛Tinthissizeislaにr
showlMobenearlytherealvalue･UsingUlemodifiedeInfbr 
Eqs.（１）ａｎｄ(2),wesimulalcdthespeclIum(Fig.５).The 
wUuesofdivandFweIBchosentomalchthepeakandils 
posiUoninFig.２(a),IBspectively・nissimuIatedspectrumis
composcdofbulkinterband-absorptionandopticalplasma‐ 
rcsonanceabsolptioncolT巳spondingtothatofparticlesof
aboutl20Aindiameter[Fig.３(b)l 

SimiIartothecaseinFig､2(a),interbandabsoIptionwas 
notfbundatabout885nminFi9.5.1ｍｍthis,weseelhat 
interbandabsorplionatabout885nmisveryweakandthus 
diflicultlodelectbecauseoftheoverlapwiththeoptical 

plasma-にsonanceabsoIption・TmepIEsenceofinterbandab‐
soＩｐｔｉｏｎａｔａｂｏｕｔ２０７ｎｍｉｓｎｏｔｃｌｅａｒｉｎＦｉｇ．５．Howevem 

notabIeinterbandabsolpUonisfbundataboul235nminFi9. 

2(a）WeconsiderthattheinterbandabsorptionaIabout235 
nminFi9.2(a)corTCspondstotheinterbandabsoIpUonat 
about207nminaprwiousstudy・zoWCcou】dnotclarifylhe
UBasonfbrIhedMfbrmCeintheposition． 

Ｃ･OpticaIpIasma-晤sonanceabsorption

ﾌﾟ.ｎ百cticallynojnlWuencelmmdHslFｿﾞbufIbnsof
panICleshapeandsizB 

Inametalparticle，thedepolanzaUonfactorandthe 

spill-outeflbc[(Sec､、Ｂ),dependentontheparticleshape超
andsize,'４respectively，affectlhepeakpositionofoptical 
plasma-rCsonanceabsorption、T11us，inametal-islandfilm
withdistributionsofparticleshapeandsize,thepeakposi‐ 
lionsfbrmelaIparlicles…disIributedEquations(1)-(3)do 
notapplytosuchmetaI-islandIilmThescattelingofcon-

ductionelecImnsinametalpaniclecauscsabmadening 
(ie.,adamping)ofopUcaIplasma-r巳sonanceabsorptionof
lhememlparticle・IfthescatteTingdcpendson1heparnicle

size，thebroadelDingmuslbesizedepcndenLInthiscase， 
whenamelaI-islandliImhasparticIe-sizedistribution，the 

broadeningfbrmeIaIpartjcleｓｉｓｄｉｓ位ibuled・Equations
(1)-(3)donotapplytosuchmetal-islandfilm・Itscemsthal
theparticleshapesa肥notunifbrminFig，１，andlheparticle‐
sizedislributionisshowninFigｓ２ａｎｄ３． 

B･Interbandabsorption 

lnnobleandtransitionmetalpamcles,z2whenIamice 
constanIscontractwilhdeqもasingparticlesize,imerbandab-
sorpIionshifisloashorterwavelengthandthendisappears 
beIowaparticlesize,ＩｎｔｈｅｐＩ℃semstudyilatticecontrac【ion
wasnotfbund(ＳＣＣ・ＩＶＡ).Thus,lhedisappeamnceinp錘
ticlesizesbelowaboul200Aindiameterisnolcausedby 
thelalticecontraction 

ThereisvC｢ylitqledataoneneIgybands，whichcan 

idcmifythetransmionfbrinterbandabsorplionalabout234 
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smallerTandハoIhescaltenngofconductionelectronsat
laUjcedefbctswithintheparticles・Tnisimpliesthalindium
particIesofaboutl20andl60Aindjameterhaveahigher 
latlice-defbcIdensitytlMmbulkindiumandthatatthesesizes 
thescattelingallatticede1℃ctsisdominantinconducUon‐ 
electronscattering､TmescatteringatIatUcedcfbctsintemal 
tolheparticlesdoesnotdepelBdonpaIticlesize、Thus，
partjcle-sizedisIributionisp｢acticalIyofnoinHuenceinthe 
cascofgoodIiL 

Alotofliteraturecxistsonthedampingmechanismof 
theopUcalplasma-唾sonanceabsolptionofmetalpamcles､２６
HoweveninsuchliteratulC,thedampingisparticle-sizede-
pendenLmus，atplCsenLonlyscaneringatlatticedelbcts 
canqualitative1yexplainwhyparticle-sizedistribulionhas 
pracUcallynoinHuence． 

Whenmetal-islandIilmshowsaspecIruminwhichlhe 
opUcaIpIasma-雁sonanceabsolpljonoverlapstheinterband
absolption,wecamotsimulaIeIhespeclmmbyEqs.(1)-(3) 
because化einterbandabsolptionisnottakenin【oaccount，

Homthisdiscussion,ifrusedinIhesimulaUoninSec． 

ⅣCincludesIhecontributioniiomlhedisUibmionsoflhe 

partjcleshapeandsizeandhDmtheoverlapwiththeinteF 
bandabsolption,thesimulatedspeclruminSec.ⅣＣ,bascd 
onEqs.(1)-(3),shouldnotH1theexperimentalspecmlm・

Inpaniclesizcsofabout360Aindiameter[Fig.2(c)]， 
thefittotheexpemmentalspectmmisnotgoodAsmen-
tionedabove,thepossiblecausesarBthedislributionsofthe 

particleshapeandsizcandtheoverlapwilhinterbandab-
solption・InpaJtjclcsizesofabout260[Fig.2(｡)]and220A
indiameter[Fig.２(e)],thefitissUghtlynotgood・THepos‐
siblecausesarCstillthedistlibutionsandtheoverlap､Thelit 
isgoodinparticlesizesofaboutl60[Fig.3(a)]andl20Ain 
diametcr[Fig.3(b)]Interbandabsorptiondisappear沼inthese
particlesizes(Scc.ⅣＢ).、us,inparticlesizesofaboutl20
andl60AindiameterwithgoodfiLpracticauynoinHuence 
ftDmthedistributionsofthepalticleshapeandsizｅｉｓｓｈｏｗｎ 
ＦｍｍｇｏｏｄｎＬｉｔｃａｎｂｅｓｅｅｎＩｈaIIheconstantvaluesof"i,"５， 
andBqusedimhesimulationalevaUd、

WiIhpracticaUynoinHuenceftDmthepallicle-shapedis-
mbution,itcanbeseenthatthisdistribuUonissmalLThis 

seemstobebecauseindiumpanicIesofaboutl20andl60A 

:o3iiFliIiFIWiinHlH1i3H誌ilbfilXH髄麟瞬巽
thisstage,varietyofparticIeshapesissmalLWithpractically 
noinHuencemmthepamcle-sizedistribution,itcanbeseen 
thatthespill-outefTbctisweakandlhattheconduction‐ 

elecmnscancringisnotsizedependenLThisweakspiU-out 
efYCctagr準ｅｓｗｉｔｈｔｈａｌｍｅｍｔｉｏｎｅｄｉｎＳｅｃｗＢ･butitwas

difliculttoclaIMytheH迫asonwhythespi皿outefTbctisweak・
meconduction-elecIronscatleringisdjscussedbeIow． 

ａｓに已一dbPendbnfbmadBnlng

lnFig4,inparUclesizesbelowaboutlOOAindi風meｌｅｒ

ZrlnincrEaseswidudecreasingpaniclesize．「inpamcIe
sizesofabout60Aindiameterislalgerthanthatofabout 
l20andl60AindiameteLThus,simi1arto2rln,inparticle 
sizesbelowabout100Aindiameterrshouldincr℃asewith 

decT巴asingparticlesize・Theconduction-elecmnscattenng
consistsofelectron-phononscattelingoelectmn-elecmnscat‐ 
leIing,elecmn-latticedefEctscanering,andelectmn-panicle 
suIfncescattering.'oT11us，scattelingatIheparticlesuIface 
alsooccur5whenthescauenngallatticedefCctsis 
dominant・ｌｏｌｎＦｉｇ､４，thesoUdcurvefbrsphericalpamcles
nomblyincにasesinpmticlessizesbelowaboullOOAin

diame(eBshowingthatthescatteringatlheparticlesuIface 
notabIyincTcasesbelowIhissize､nus,ifindiumpaIticles 
aにalmostsphericalinparticIesizesbelowaboutlOOAin

diameIeBthenotableincTpaseinthescatteringatIheparticle 
surfacemａｙｂｅ肥sponsibIefbrtheincにａｓｅｉｎ２「1厘ａｎｄrin
particlesizesbeIowaboul100AindiameteIzItwasdifEcuIt 

toinvesUgatethesize-dcpendentinc1℃ａｓｅｉｎ２「,厄ａｎｄ「
fimh壁

al1Blax曰ｌｉＤｎｌｉｍｅａｎｄｍｅａｎｌレロepalIiofcondUcIibn
elbctFDnS 

Withpmcticallynoinnuencefmmtheparticle-shapedis-
Iributiontogetherwiththeweakspil】-outeflbcLitcanbe
seenthatthebruadeningoftheoptica1plasma-配sonanceab‐
solpqioninparticlesizesofaboutl20andl60Aindiameter 

ismainlydueloconduction-eIectmnscattcIingwhichisnot 
dependentonparticIesize・nus,TinpaIticlesizesofaboul
l20andl60Aindiameter,whichisnearlyIhe１℃alvalue 
becausethefilisgood,isbasedonsuchconducUon-electmn 
scaltenng 

lmthep妃sentstudyiTisにlaIedtothemeanfi1eepathノ
asIbllows： 

に昨ｘＴ（５）

ApplyingEq.(5)ｔｏγinparticIesizesofaboutl20andl60 
Aindiameter(TmbIel)andusing作(Refl9),weesUmatcd
ﾉｔｏｂｅ５．８５ａｎｄ５．７１Ａ(Ttlblel)． 

ＴａｎｄにstimatedaboveaJcmuchsmallerthanthebulk

values（Tklblel）bulcomparabletothose（about38 
x10-16sand8A)ofaluminumparticles､3.4T1】eindiump韮

騰:RIll:bHiiIillnMW;鑑,鱗W:Wl:ｉｄＩ誌.IMiM

mesize-dependentinclBaseinrshowsthatr,ｉｎｐ“ 
ticlesizesbeIowaboutlOOAindiametemncludesthecon‐ 
tributionoftheparticle-sizedislribution・nus,Tusedinlhe

simulationinparticlesizcsofabout60Aindiameにr[FIg
3(c)]isnotnearlylher℃alvalue.、efittotheexpenmental
specIrumiｓｎｏtgoodinpurticlesizesofabout60Ａｉｎｄｉ‐ 
ameter[Fig.３(c)]・Apossiblecauseissuch7：

、､EffectofdisorderInparticIedistributionand
interactIonswithSiO2 

Thcoreticalstudiesz7ofTandomIydistributedmetalp錘
ticIeshave雁portedthalthedisolderinthedisIribuUon

causestheopUcalpIasma-resonmceabsorptiontobebroad 
andasymmelric・T11egoodlitinpaJticIesizesofabouｔｌ６０
[Fig.３(a)]andl20Aindiamelcr[Fig.３(b小howslhcop‐
UcalpIasma-にsonanceabsomtionIobesymmemc・Ｔｂus,the
disoldeThasIitIIeinHuenceontheopticalplasma-”sonance 
absolptionfbrgoodIit・

ForsiIveTparticlcsembeddedinIheSiO2matIix，the 
innuellccoftheinteracUonbelweenthepanjclesandthema-
Inxonlhebmadeningofopticalplasma-歴sonanceabsoIp‐
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tionhasbeen泥portedintheo『y・蛆InthisintelncUonothe
broadeningisparticle-sizcdependenLPracticallynoinHu‐ 
encefmmtheparticle-sizedistribution(Sec・ＶＣ１）shows
thatthebroadeningisnotparticle-sizedependenLTrus,such 
inteⅡnctiondoesnotoccurinindium-islandlilmsfbrgoodnt、

IfelecronsoftheSiO2mamxoccupythefinalstateof 
theinterbandtransitionoftheindiumparticles,thetransiUon 
wouIdberesmctedandthusmeinterbandabso中tionwould
disappeaLHelEIheindiumpaniclesareassumedtohave 
FeImieneIgythesameasthatofbulkindium,becauselhelE 

isveryliltledataontheFelmienergyofindiumparticles・

iRiMFcIMh将:死MFJW瀞:iW職,:W:１１雛
bulksilverisabout63eVhigherthanthevalence-band 

maximumofSiO2・躯Fromthesevalues,thePermienergyof
theindiumpaniclesismuchhigher(about９．４eV)thanIhe 
valence-bandmaximumofSi０２.Ｔｈｕｓ,thevalencebandof 

SiO2doesnotovellapthefinalslatelyingatvalueshigbe「
thantheFermieneIgy,ｉ,巳.,theelectmnsoftheSiO2mamx
cannotoccupythehnalstate､Thisshowslhatoccupationof 

(helinalstateisnctthecauseofthedisappeamnceofthe 
interbandabsoIption． 
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ＶＬＳＵＭＭＡＲＹ 

ＷＣｓｔｕｄｉｅｄｌｈｅｏｐｔｉｃａｌａｂsorptionofindiumparticIes 
experimenlaUy・TheinterbandabsolpUon，thepositionof

whicb応mainsalmostconstant(alabout234nm)ilTEspec‐
Uveofparticlesize,disappear℃dinparticlesizesbelowabout 

200AindiameteⅢThisdisappcaranceissimilartolhatin 
leadpamcles，whe定thedisappearanceoriginaにｓｆｒｏｍｔｈｅ
ＤＯＳｄｅｃにasebasedonthelowcooldinationlnumberofsup

fnceatoms､Thesimilantysuggeststhatthecauseofthedis‐ 

appearanceisthesameaslhatintheleadparticlcs・
Weinvestigaqcdthe正IaxationtimeTandthemeanfiEe

pathlofconductionelectmnsbysimulalinglheoptical 
plasma-IEsonanceabsolptionwiththeMaxwell-Gamen-type 
EMTTandノinpalticlesizesofaboutl20andl6oAin
diameIerareestimatedtobe(3.33-3.36)x10Fl6sand5､79-

5.85Ａ,rCspecUvely,whichismuchsmaUerthanthebulk 
values(0.38x10-14sand6dlA).Ｒｅ化ITingtothepにsence
of1atticedefbctsinthcilBdiumpartic1esandIothestudiesof 

thealuminumpanicles,ｗｅａｓｃＩｉｂｃｄｌｈｅｓｍａｌｌＴａｎｄノtothe
scattcringofconductionelectmnsatlaUicedeibctswithinthc 

pamcles･ 
neopUcalabsorpUonofindiumparticlessmallerlhan 

aboutlOOAindiametersUUneedstobestudiedin泥Ialion

tothecIystalstructure,becausetheclyslalstructu"ofthese 

pamcleswasassumedtobeｌｈｅｓａｍｅａｓｔｈａｔｏｆｌｈｅｂｕｌｋ 
ｉｎｄｉＵＵＴｎ 


