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X-RAY PHOTOEMISSIONSTUDIES OFTHIN GOLD FILMS
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The d-bandandthecore-levelspectraof gold depositedon aluminiumand
sapphirewereinvestigatedutilizing X-ray photoelectronspectroscopy(XPS).
For thin depositsof gold, thed-bandsplittingwas observedto be narrowed
significantly with respectto that of bulk gold. The narrowingeffect is attribu-
ted to the high surfaceto bulk ratio of thegold deposits.A shift of Au 4f
core levelsalso occursin correlationwith thed-bandeffect.

1. INTRODUCTION 2. EXPERIMENT

THE ELECTRONICstructuresof different forms of Thesubstratesuponwhich gold wasvapordeposited
gold, includingpuresolid,liquid, andalloyedphases, were chosensuchthat the interactionbetweenthe Sd
havebeenstudiedextensivelyusingphotoemissiontech- electronsof gold andthe substratewould be simple
niques.’4The Sdportion of thevalenceband,which (gold on Al)5 or eliminated(gold on A1

2O3). The vapor

exhibits two distinctivepeaksin thecaseof bulk gold, is depositionof Au ontosapphire(AI2O3) is well charac-
of particularinterest.Thesplitting is commonlyattribu- terized.

9A1
203is thermodynamicallyinert anddoesnot

ted to the spin—orbitcouplingeffect.
1 Similar splitting reactwith goldunderour experimentalconditions.Gold

was observedon liquid aswell assolidgold.~This ob- also doesnotwet A1
203,so that thegold depositedon

servationindicatesthat the latticeperiodicity is not Al203 formsislandsinsteadof a uniform film.
critical in determiningthe two-peakstructure. TheAl caseis morecomplicated.Gold alloyswith

Recenttheoreticalstudiesof transitionandnoble cleanaluminumevenat room temperature.However,
metalspredict that in samplesof thin films (free standing our studyshowsthatonly theAuAl2 phasegrowsat
or on simple metalsubstrate)of 10 atomiclayersor less room temperature.A thin Au film canthen be deposited
(t ~ 30 A),

5’6 or in samplesof small(10 50 A) clus- on topof AuA1
2 without formingnewAu—Al phases.

ters,
7dimensionaleffectson the electronicstructureare Details of thephaseformationwill be discussedin the

expected.On theexperimentalside,certain inconsisten- following section.
cieshavebeenencounteredin usingvery thin gold films The experimentswere carriedout in an AEL
(t ~ 20 A) on insulatorsasa calibrationtechnique(gold ES200Bphotoelectronspectrometerusingunfiltered
“dressing” technique)in X-ray photoemissionspectro- Mg(K~)radiation. Vapordepositionwasaccomplished
scopy(XPS) work.8 The inconsistenciesare known to at pressure - 1 x l09torr ontosputter-cleanedsub-
be associatedwith differencesin thicknessof thegold stratesat a rateof about6 A/mm.,usinga tungstenfila-
deposited.Angular dependentXPS studies,however,re- mentpre-wettedwith puregold. The pre-cleaningand
vealthat Au surfaceatomson bulk gold samplesdo not pre-wettingof the tungstenfilament wasperformedin-
exhibit a photoelectronspectrum(valencebandor core side the spectrometerchamberto preventpossiblecon-
levels) different from that of a bulk goldsample. tamination.The temperaturerise of the substratesur-

In this communication,we reportthe resultsof our faceduringdepositionwasestimatedto be less than
observationof the XPSAu (4/) level andvalenceband 10°C.Substratecore-levelintensities(I) were monitored
spectraof thin (t ~ 30 A) gold films andsmall clusters during the Au depositionto control samplethickness,
(dia. ~ 30 A) of gold on varioussubstrates.We haveob- using!= 1o exp (— t/X) with A = 20A for 1 .2KeY
servedthesystematicchangesin thevalencebandand photoelectrons.’°
core-levelspectrathat occurwhenthe thicknessof the
sampleis increasedin a smoothfashionby continuous 3. RESULTS
vapordeposition.

Figures 1 and2 showtheXPS valencebandsand
_______________ coreelectronlevels,respectively,of gold depositedon
* Presentaddress:Middle EastTechnicalUniv., Dept.of purealuminum.On bothfigures, spectrum(a) wastaken

Metallurgical Eng.,Ankara,Turkey. on sputtercleanedaluminum(intensityratio of
O(ls)/Al(2p) 0.06).This smalloxygencontamination
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Fig. 1. Changesof the XPSvalencebandspectraof gold with the amountof Au depositedon aluminum.

is notcritical for thediscussionof this paper.Spectrum (c)]. The4fcore levels of gold arealso shifted toward
(h) wastakenon bulk gold. Spectra(b) to (g) were taken higherbindingenergysideby about 1.5 eV from those
at differentstagesof gold deposition.The effective of bulk gold [Figs.2(b) and(c)]. Similar d-bandstruc-
thicknessof thegold depositedat eachstageis approxi- ture3andcorelevel shift were previouslyreportedon
mately 25 ±5A. bulk AuAl

2. The observedspectra(b) and(c) of Figs.1
Forthe first stageof deposition,thed-bandof gold and2 correspondto theformationof AuAI2.

has two peaksat about6.3 and 7.5eY [Figs1(b)and As the depositionof gold increasesbeyondthestage
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Fig. 2. Changesof theXPS spectraof Au 4f andAl 2p levelswith the amountof Au depositedon aluminum.
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Fig. 3. Changesof the XPSvalencebandspectraof goldwith theamountof Au depositedon sapphire.

of AuAl2 formation,a transitionfrom theAuAl2 phase d-bandincreasesfrom 1.9eV to 2.5eV. The width of the
to a diluteAu(Al) alloy [spectrum(e)] is observed.Spec- d-bandchangesfrom 4.4eV to 5.7eV. The centerof the
trum (d) showsthis transition.Fromspectrum(e) of the bandshiftsupwardby about1.5eV. Thecore levelsalso
Au layerto spectrum(h) of bulk gold, thesplitting of the shift towardtheFermi level by about 1.1 eV asshown

on Fig. 2.
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The origin of thed-bandnarrowingduring stages(e) plantedin SiO2andattributedit to thematrix effect of
through(g) is of particularinterest.From thecore-level the hostmaterial.Fromour study,however,theob-
intensities,the effectiveamountof aluminumobserved servedcorrelationbetweenthe valencebandstructure
at stage(e) is estimatedto be about8%. Since thelast and thecore-levelshift suggeststhat the differencebe-
Au—Al compoundphase,’

2Au
4A1, contains20%alumi- tweenthe core-levellinding energiesof depositedgold

num,thespectra(e) ~-~-(g) cannot be simply associated and thoseof the bulk gold may,atleastpartially,be
with anAu—Al compoundphase.This alsoagreeswith attributedto intrinsic differenceof the electronicstruc-
the comparisonof our d-bandspectrawith those ture, ratherthan simply to a matrix effect.
obtainedfrombulk gold alloys, Au—Al

3 andAu—Cd.4
Thespectrum(e) of Fig. 1 would beequivalentto a gold Table1. Themeasuredintensityratio betweenAu4f

712
alloy of 35—50at.%aluminum,ratherthan 8% as andAl2p, and thefull widthsathalfmaximuminten-
observed,if the spectrumwas associatedwith an Au—Al sities(FWHM) and thenormalizedbindingenergies
alloy. Therefore,the changeof thed-bandduring stages (B.E.)ofAu4f712 levels(in eV) ofgolddepositedon

A12O3(e) -~(g) of depositionis mainlyassociatedwith the _____________________________________________________

thicknessincreaseof theAu layer, -‘- 30 A at (e) and Intensity Au4f712
100 A at (g). Althoughthedilute amount(< 8%) of Substrate ratio

dissolvedaluminummay haveadditionaleffectson the FWHM B.E.a
d-bandnarrowing,their contributionshouldbenegli- Al203 0.31 1.95 84.95
gible as comparedwith the thicknesseffect. 0.64 1.68 84.70

The XPS spectraof thevalencebandof Au islands 0.96 1.57 84.74
on sapphire(A12O3) are shownin Fig. 3. The same 1.24 L53 84.60
qualitativebehavioris observedon Al203 as on AuA12. 2.01 1.42 84.52
Forspectrum(e) the average“thickness”is t ‘— bA, 2.46 1.44 84.50
from t = A In ‘(Jo/I), which correspondsto an average
islanddiameterof 30A. The valencespectrumof the a Normalizedto thebinding energyof A12p (74.7eV) of
substrateis smoothenough,in theA12O3 case,that the A12O3.
Au 5d-bandstructureis quiteclearandunambiguous.
RecentXPSstudiesof Ag andAu on carbon

13showed 4. CONCLUSION
similar behavior. Througha carefulchoiceof substratesandsample

The similarobservationof thechangeof thed-band preparationtechniques,we haveobservedtheXPSof gold on AuAl
2 andA12O3 canbeattributedto the valencebandspectraandcore-levelspectraof ultra thin

increasedfractionof surfaceatomsto bulk atomsin the Au-films andsmallAu-clusters.We observea changein
thin film or smallclusterstructure.The observednarrow-

thed-bandstructure,anda shift of thed-bandrelativeing of thed-bandis dueto the reductionof Au nearest to the Fermilevelwhensamplethicknesses(or dia-

neighbors(andthusthereductionof spin—orbit splitting) meters)are about30A or less.The Au(4J) core-levels
of thesurfaceatoms.

exhibit an overall shift due to thedifferent electronic
The bindingenergiesof Au(4f) levelsof goldde- structuraleffectsassociatedwith the smalldimensions.

positedon Al203 werealso measured.Theirvaluesare A practicalconsequenceof this phenomenais whenthe
listedin Table 1. Similar to gold on aluminum,Au levels

gold-dressingtechniquesareutilized in thecalibrationof
were all shiftedto higherbinding energiesat low de- XPS spectra,errorson the order of oneeV maybe en-position andshifted backto the valuesof bulk gold as countered.
depositionprogressed.Similar resultswere alsoobserved
on golddepositedon Si02.The shift of Au(4f) level can
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