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ABSTRACT

The composition, structure, and morphology of uttrathin films grown by Ag deposition

on Cu(l 10) were monitored as a f~nction of temperature using low-energy electron

diffraction (LEED), Auger electron spectroscopy (AES), and medium energy ion

scattering (ME IS). Aligned backscattering measurements with 150 keV He ions

indicate that the Ag resides on top of the Cu and there is no significant surface

compound formation. Measurements with LEED show that the Ag is initially confined to

the substrate troughs. Fufiher deposition forces the Ag out of the troughs and results in

a split c(2x4) LEED pattern, which Is characteristic of a distorted Ag(l 11) monolayer

template. As verified by both AES and MEIS measurements, postmonolayer

deposition of Ag on Cu(l 10) at 300K leads to a pronounced 3dlmensional clus,wlng.

Ion blocking analysls of the Ag clusters show that the crystallite have a (110)-lIke

growth orientation, Implying that the Ag monolayer template undergoes a

rearrangement, These data are confirmed by low temperature LEED results [n the

absence of clusters, which Indicate that Ag multilayers grow from a Ag-Cu interface

where the Ag Is captured in the troughs. Changes observed In the film structure and

morphology tire consistent with a film growth mechanism that Is driven by overtayer

strain response to the substrate corrugation.
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L INTRODUCTION

Overfayer film growth involving immiscible adatom and substrate combinations

have generally been found to exhibit either a layer-by-layer or layer-cluster

( S!ranski-Krastanov ) growth mechanism [1,2]. Because of the lattice mismatch

between the two components, there is invariably a certain amount of strain produced

in the initially deposited monolayer. The appearance of clustering during such film

development acts as a relief mode !or the Interracial strain as thick lay~rs form to give

the required bulk-like material properties, i.e. clusters have a lower free energy than .

the strained Intermediate interface [3].

The growth of Ag on Cu at 2300K produces a sharp inter?ace due to the

immiscibility of the two materiafs. For this case Ag also exhibits the lower surface free

energy and is the segregant surface species in a bulk mixture of the two materials.

Previous studies have established that Ag deposition on the (111) [1,4] and (100) [5-7]

faces of Cu proceeds by a Iayer-by-lajer mechanism at 300K. In both cases a

near-hexagonal or distorted Ag(l 11) monolayer template is formod. The template

obsemd on the (100) surface with low-energy elechn diffraction ( LEED ) has a

c(10x2) structure, which Involves a few percent compression of tho Ag relative to a

bulk Ag(l 11) plane, Initial studies of the Ag/Cu(l 10) system at 300K have also shown

a distorted Ag(l 11) monolayer [8,9], However, continued deposition leads to

pronounced three-dimensional (3-D) clustering, In view of the layer-by-layer behavior

obsemed on the other two Iow-lndox f:,ces, this layer-cluster mechanism Is therefore

quite unexpected. It does, however, suggest that there maybe different and larger

strain factors built up In the initial near-hexagonal monolayer, perhaps due to the large

corrugation found on the (110) face as compared to the smoother(111 ) and (100)

orientations. In the present study we further explore the Ag/Cu(l 10) growth process

and describe the structure and morphology changes that are found as a function of

coverage and temperature.
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Il. EXPERIMENTAL

The data were taken at two different locations on unrelated samples. One

Cu(l 10) face was studied with medium-energy ion scattering (MEIS) measurements

at the FC)M-institute in Holland while three faces on two dNferent samples were

examined with LEED and Auger electron spectroscopy (AES) at Los Alamos. The

MEIS investigation involved somo LEED and AES analysis. The results were

consistent with the more detailed work repofted at Los Alamos. Auger data repofied in

this paper were obtained using a LEED optics in a retarding field configuration. Similar

measurements were made using a cylindrical mirror analyzer at the FGM. The MEIS

study was done at 300K while the Los Alamos LEED-Auger data wss taken for

substrate temperatures between 120 and 350K.

Each sample was polished to a mirror finish and following either acid or

electrofdishing treatment was mounted on a holder and inserted into UHV. After

several sputter/anneal cycles no surface Impurities were detectable with AES and

LEED gave a sharp integral-order spot pattern. Silver was deposited on the sample

below 2 x 10-10Torr at a fluence of appioxlmately one monolayer per minute.

The MEIS measurements were performed using 150 keV He Ions, Analysis of

the scattered ions was facilitated using a position sensitive electrostatic detector,

which measured the ion yield scattered into a slit spanning 20°. Colnbined with a very

stable ion source this detector gave an experimental Ion energy resolution of 6E/E of

3.6 x 10-s [10,1 1]. Most of the MEIS st~dy involved scattering In a (1~1) plane, which Is

oriented perpendicular to the surface and extends across the hollows formed by the

row-trough configuration on the rekdively open (110) face ( density= 1,09 x 1015

atoms cm-a ). More details on the scattering geometry will be given where tippropriate

in the fol!owlng text. The MEIS technique measures Rutheflord backscatterlng spectra

as a function of scattering angle and consequently changes In the sample crystallinity

can be monitored, Shadowing effects that occur when the beam of Ions is aligned with

a low-index direction of the crystal generate a well defined surface peak In the
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backscattenng spectra. It is the analysis of the surface peak area and shape that gives

an exact measure of the local substrate changes produced by the adatom-substrate

interactions during the initial stages of film growth. As described previously [1O], the

surface peak area k a function of relaxation, reconstruction, and vibrational effects in

the topmost surface atoms. The MEIS measurements In the present study of Cu(l 10)

replicated the results of Copel et al., which show a 7.5 YO inward relaxation of the

topmost surface layer [12].

!11.RESULTS

A. Auger Analysls

As shown in Fig. 1a the deposition of Ag on Cu(l 10) gives strong differences in

the behavior of the Ag(355eV) peak-to-peak AES intensity In N’(E) as a function of Ag

coverage and sample temperature. At both temperatures the intensity exhibits a

linear increase with coverage until at 300K a pronounced break Is observed following

deposition of a Ag(l 11)-like monolayer. The initial linearity is indicative of uniform

growth of a monolayer thick film. In the absence of compound forma!ion the break in

slope s~en in the Ag(355eV) data of Fig. 1a is due to self-shadowing of the Ag during

cluster development. A compmb[e break Is seen In the Cu(63eV) c!ata at 300K ( see

inset Fig. 1 ). As the clusters mature they begin to coatesce on the surface and

eventually give a continuous AG film. The low temperature data of Fig 1a display a

smooth envglope as the Ag attains a bulk Ag Auger h’itenslty after more than 8 ML of

deposition. Both LEED and MEIS data are consistent with the assignment of the

Ag(l ! 1) coverage at the breakpoint. We use the br~~akpointcoverage as the

monolayer unit in the remainder of the paper even though, as will become apparent,

the growth Is much more complex that just the simple propagation of Ag hexagonal

IGyersm

The Auger data of Fig. 1a can be understood In the framework of a simple

layer-by-layer model [13]. Neglecting AES electron backscattering effects the adatom

Auger Intensity at the monolayer endpoints Is given by
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lA=~lk(l-d) Eq. (1)

where a is the ektrOn transmission Coefficient fOrthe adatom mOnOlayer, l~lk is the

Auger intensity for a thick adatom film, and n is the number of adatom layers. The data

of Fig. 1 are normalized to the bulk Ag or Cu signals and, thus, a for Ag(355eV) is

found to be about 0.7 for the data of Fig. la. Substituting this value into Eq. 1 @tes the

layer-by-layer endpoints (dots ) of Fig. 1a. For the coaxiaily positioned sampla in the

LEED-Auger detection scheme of this experiment we calculate an electron ascape

depth of 8.9A, assuming a 2.35 A interpianar spacing for Ag(l 11) iayermg. As seen

by AES the growth of the Ag fiim at 130K is indistinguishable f~mma perfect

Iayer-by-iayer mechanism. tt is known from UHV microscopy studies of iayer-ciustenng

systems ?hat the number density of the dusters increases with decreasing temperature

as smaiier nuclei become stabie on the surface [3]. Thus, in the low temperature iimit

the dusters become individual adatoms that are randomiy scattered across the

growing fiim. It is for a distribution such as this from a quenched iayer-ciuster

mechanism that appears the same as a Wrfectiy iayered growth process in AES [14].

In addtion, the LEED data taken on Ag/Cu(l 10) at the low temperatures exhibit a

relatively high background, which we attribute to the disordered layering that resuits

from a iim:ted Ag adatom mobiiity.

For the simple iayer-by-iayer model of Eq, 1, we can writo the substrate Auger

intenstty behavior after n layers of deposition as

Eq. (2)

where icban is the clean substrate Auger signal and ~ is the transmission coefficient

through the adatom monoiayer. From the Inset of Fig.1a we see that ~ is

approximately 0.3 for the Cu(63eV) Auger transition, which gives an eiectrcm escape
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depth of 2.64A for this very surface sensitive Auger transition. The continued

existence of the Cu(63eV) peak in the clustering region attests to the very thin

monolayer film that is present between the aggregate features.

The same 300K AES data are also plotted in Fig. 1b, where the ratio of the

normalized Ag(355eV) and Cu(63eV) signals is shown as a function of coverage in

Ag(l 11) monolayer. The layer-by-layer dependence of this ratio was calculated using

the above transmission coefficients and the results are shown by the dots and

connecting curves in Fig 1b. Plots of layer-by-layer data will give cusps at the

completion of each monolayer, with the first monulayer cusp being especially

prominent as shown in Fig. 1b. The cusps result from coverage scaling of both the Cu

and Ag signals. The 300K data dearfy show a cusplike feature, but due to the

clustering there is a significant departure from the layer-by-layer modoling above one

monolayer. For these data the cusp provides a very prominent and useful indication m

the monolayer completion point.

A figure of merit for the average 3-D cluster thickness can readily be obtai~ed

using 4 very idealized model of the Iayer+lustar growth. In this Instance we assume

the nucleation of dusters of a fixed thickness that are restricted to grow laterally until

a uniform film is obtained which has the initial cluster thickness. For the plot of Fig. 1a,

this would correspond to a straight line connecting the first monolayer with the

appropriate layer of uniform film thickness [8]. For the present A9/Cu(l 10) data at 300K

this is particularity attractive since there is a near-linear behavior of the Auger intensity

as a function of coverage in the initial stages of cluster maturation. The resultant Auger

signal in the clustering regime is then a coverage weighted signal resu;ting from the

monolayer template and the clusters. 1 he algebraic form for the adatom Auger signal

for such a model is given by

Eq. (3)

where Och~teris the fraction of the sudace covered by clusters that are n layers thick.

6



Using the above vafues for a and selecting dusters 8 layers thick, Eq. 3 and the

comparable one for the Cu(63eV) peak give ~hedata points shown by the “X”S in

Fig. 1. The points found in Fig. 1b are significantly below the data at 300K, even

though the fti to Fig. 1a is reasonably cfose. This is probably not due to improper

choice of the ckster thickness. Rather, the discrepancy appears to be an experimental

artifact arising from the acquisition of the Cu(63eV) data. It was previously found [8]

that for data taken at 130K the Cu(63eV) peak systematically feil below the lowest

possible value allowed by the layer-by-layer model due to the location of the peak on

the steep portion of the true secondary tail in N’(E).

B. LEED Analysls

The LEED data taken during Ag deposition on Cu(l 10) at 130 and 300K show a

complex variety of structural features, which @ve no evidence for simple registry of the

Ag adatoms with the substrate. Reciprocal space features only show evidence of

extended overlayer arrays. In the following we emphasize only the major aspects of

this behavior. Further details of the LEED features for this system will be described in

an upcoming publication [15].

Initial submonolayer coverages of Ag produce overlayer arrays that give extra

diffraction features between the integral order substrate spots afong the trough

direction. At 300K a (5x1) pattern is found for coverages between 0.5 and 0.75 ML. For

low temperature deposition a diffuse (8x1) array is seen below 0.5 ML and there is no

sign of the (5x1). configuration. The obsewed LEED patterns are consistent with Ag

confined as linear chains in the [1TO]troughs.

Deposition approaching a monolayer coverage shows the onset of diffraction

features inside the (1xl ) reciprocal unit mesh that arc characteristic of c(2x4) overfayer

symmetry. These features are initially split in the trough direction. However, with

completion of the monolayer there is an unrnistakeable 7th-order splitting normal to

the troughs, as depicled in Fig. 2a, In addition, there are minor satellite features of

higher order in the trough direction. Given that the other two Iowindex faces of Cu
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form near-hexagonal Ag monolayer, it comes as no surprise that the basic

ingredients of the sp!it*(2x4) pattern can be explained in a similar fswhion. For the

overlayer orientation of the model in Fig. 2c, where the nearest-neighbor distance of

the Ag is aligned across the troughs, only a few percent distortion of a bulk Ag(l 11)

layer is required to give a perhsct c(2x4) coincidence. For such an arrangement, where

there would be no splitting of the extra c(2x4) spots, there is a lattice point at the comer

and center of the (2x4) mesh and each has a basis set of five Ag atoms. However, a

further modification of the overtayer is needed to give the obsemed 7th-order splitting.

This can be most simply accomplished for the planar array of Fig. 2C by compressing a -

bulk Ag(l 11) plane 2.5 % across the troughs so that the distorted c(2x4) subunit

diffraction is modulated by a (2x7) overlayer mesh containing 18 Ag atoms. Clearly this

model is too simple when one considers that the overlayer must be mmpled in

response to the substrate corrugation. These additional factors may be partially

responsible for the weak satellites seen in the monolayer spot pattern along the

trough direction.

Postmonolayer deposition erases the split-c(2x4) structure. The restructuring is

completed after only 2.0 ML deposition at 130K, while at 300K a completed thick film k

required for final extinction of the !eatures. This behavior agrees with the progressive

roughening of the overiayer morphology that resutis from cluster formation as the

temperature is elevated. The best measure of this structural change is found for low

temperature deposition of Ag on a well ordered monolayer template formed at 300K.

With the split-c(2x4) pattern completely obliterated between 2.0 and 3.0 ML, proper

adjustment of the incident electron energy reveals an (8x1) multilayer army ( see Fig.

2b ). The simplest model that Is consistent with these observations Involves the

in-trough placement of Ag as drawn in Fig, 2d. Here the Ag spacing along the troughs

Is close to the hard-sphere diameter for bulk Ag (I= 2.88A). The initial Ag multilayers

are viewed as repeating cor rugated layers that preserve the symmetry of the (110)

substrate. Thus, the reconstruction of the naar-hexagonal monolayer involves a major

relocation of the Ag. Note that the Ag separation across the troughs IS the Cu trough

spacing ( = 2.55 A ),and this amounts to a 1Z 9’o reduction of the Ag spacing relative



to the trough apaoing for a Ag(l 10) surface.

Continued deposition at the low temperature produoes 3rcf-order features across

the traughs. At coveragas from 5-10 ML only the multiples of the 7/3th redprocai

distance remain wtth their associated 3rd-order featurss, giving a (3/7x 3) dffractlon

pattern. Secause the film Is too thick at this pointto allow for oolnloidancefrom the

underlying substrate,the ovedayer must oontainsome additionalcrystallineperlodicity

In the form of surface d~ortlon or corrugation.Silverdepositionto much larger

coverages leads to disorderingof the 3tio*r features and very diffuse LEED arrays.

c. Mm Anelyels

Analysis of the overfayemformed by Ag depositionat 300K using MEIS gives

Information on the composition, atudure, and morphology of the developing film. Most

of the MEIS data were taken in an aligned conditioniike that shown in the inset of fig.

3, where the 150 keV He ion beam ISincidentalong the ~01] crystaldirection in the

(1~1) plane. This producesdistinot shadowing with a weii defined Cu surfaoa peak in

the badwxtter!ng spectrum. Note that far this singie alignment oondition there are

blocking effeots that result from stringsof atoms encountered as an ion scattmd from

beiow the surface exits the sampie. The effeot of these bioddng directionsis to give

dips in the backsoatteredyield for a given oomponentas a funotionof ecattefing angle

( anglebetween the incidentand outgoingtrajectory). For the ease shown in the inset

of Fig. 3, Cu(l 10) has major biookingminima along the [011) and [121] stringsat

scattering angiss of 60 and 90°, respectively.

As depicted in Fig.3, the initialsteges of Ag depositionon Cu(l 10) at 300K iead

to weli resolved Ag and Cu peaks in the backattersd speotra. Importantlythe Cu

peak graduaiiy decreases with covera~e untii stabilizingat a 30 % reductionafter

0.5ML is reached for the doubie alignment or[121 Jexitingcondtion. This behavior

rules out strongsurfaosoompound formation, where the Ag stmngiy reacts with and

dispiacss the topmost Cu atoms thereby destroyingthe initiaistring perfectionemd

increasing the Cu surface peak area. The obsewed reductionin Cu surface peak area

can be attributedto a oompiexcombinationof direct Ag shadowing from hoiiowsite
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bonding In conjunctionwith substrate relaxationand vibrationaleffects. For the

bwkcattenng spectrumof Fig. 3 there la no conttibutb In the region between the Cu

and Ag peaks.

Althoughthe Ag surface peak area Irweased progressivelywfthcoverage the

character of the bacWatterfng spectrum remained the same as that in Fig. 3 untila

coverage of 0.93 ML ( = 1.30 t 0.1 x 1015atoms cm-2) was reached. At this point in

the depositionthe low energy side of tha Ag peak began to expand and give a tail

indkative of 3-D Ag dustenng. The spectrumobtained for the highest coverage of

these measursmente ( = 2.33 ML ) Is shown In Fig. 4. A number of undulationsare

apparent in the region of the duster contribution. These dips In the spectrum are due

to blocking, which arises from the duster crystallinity. The Inset of F19.4shows a

cross-section obtained when the threedlmenslonal plot Is analyzd over thq cluster

region of the spectrumhighlightedby the shaded band. For the range of scattering

angles between 60 and 1000 there Is a mlnlmumIn the yield near 92’. Data taken for

scatteringangles between 50aruf700 at the same Ag ccmmagegive a minimum near

63’. Both of these values are sllghtlyhigherthan the bulk Nocklng angles of the

Cu(l 10) face as shown in the inset of Fig. 3. The dusters apparently are dose to

having a structurethat is a replicationof the substratesurface symmetryand bulk

crystallographicorientation.This Idea la qdte consistentwith the LEED resutts,where

the Ag Is confined In the substratetroughs at the Ag-Cu Interface. TMs Intdace then

sefvesasa(110)-like base thst defines the growfhdirectionof the Ag film.

One can estimate where such a duster blockingmlnlmumwould occur If the Ag

were allowed to propagate normalto the (110) face by replicationof the substrate

trough spacing. Simulationsof the ion scatteringfrom s~wha ctystal structurewere

made. A continuousfilm model was used where hard-spheresof Ag ( bulk m~llic

diameter ) were placedIn(110)4ike layers with a layer unit mesh of 3.61 A (Cu trough

spacing ) x 2.66A (I@ uulk nearest-neighborspadng ). In agreement with the simple

geometric interpretationof the stringsIn such a distortedfoc structure, the simulations

gave blockingat scatteringangles much largerthat those setm In Fig. 4. The elevation

of the blockingangles Is a consequence of placing bulk-likeAg on a shortened

10



rectangularunit mesh, which leads to an increase in the interplanar spacing. Blocking

minima nearer to those obsewed in our MEIS data were obtained if the trough-like

spacing were allowed to relax so that the deviation from a Ag(l 10) spacing was only a

few percent. This notion of the cluster relaxation from the Ag-Cu interfac Qspacing

qualitatively agrees with the idea that once the film becomes three dimensional the

departure from a pum fcc lattice will not be presemd duo to the strain energy

involved.

IV.DISCUSSION

The immiscible material behavior predicted from the binary phase properties is

completely borne out during the growth of Ag thin films on Cu(l 10). As indicated by the

AES and MEIS results there is no strong surface compound formation. Consequently

the Ag-Cu interface is quite sharp and the overcoat develops Independently of Ag-Cu

thin film phases. The Ag overlayers never develop as an extension of simple registry

relationships with the substrate, i.e. the LEED arrays are always a near-coincidence

structure with many adatorns per unit mesh on top of the surface. Thero always

appears to be an interplay betwsn the Intralayer adatom bonding and the corrugation

forced on the system by the substrate.

In the Initial stages of deposition linear chains of Ag are formed that are oonfined

in the troughs. This strong modulation of the Ag structure is weakened as the troughs

become filled and the Ag withdraws from the troughs to form the more Ag-like bonding

configuration found In the distorted Ag(l 11) or c(2x4) monolayer templata. Silver

exhibits a lower surface free energy than Cu, and this is shown in that it is the

segregant surface species in a bulk mixiure of the two materials. In this oontext, there

should b a driving force to form Ag bonds In preference to being in a CII environment.

This preference for Ag to bond to itself in the presgnce of Cu agrees with the observed

tendency for the int:alayer bonding to determine the film structure. Consequently it

appears that the instability of the c(2x4) near-hexagonal temiate is a product of

minimizing the energy in the Ag layer as opposed to a process that is dominateu by
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the bond energy with the Cu surface atoms. However, it should be noted that the

relocation of the postmonolayer Ag into a trough-like configuration does make more

intimatq bonding possible to a number of Cu atoms that were totally Inaccessible

through the dosepacked Ag monolayer. Theoretical computation of the bond and

configurational energies for the various Ag/Cu(l 10) overlayers, which consider the

Ag-Ag and Ag-Cu Interactions, would be important In venfiying the role played by the

intralayer energy or strain in determining these structures.

Except for the small difference between the (8x1) and (5x1) chain-like overlayers

seen for submonolayer coverages, the change In substrate temperature during

deposition does rloi affect the overtayer c~ta!lography apart from simple ordering of

the arrays. However, the temperature does strongly influence the overlayer

morphology during the deposition process. These effects are very pronounced for

postmonolayer coverages, where at a 300K a pronoun- layer-cluster mechanism is

evident. Note that the smoother film formed In the early stages of postmonolayer

growth at 130K does have the same In-trough Ag Interface as that inferred for the base

of the clusters from the MEIS measurements.

in line with the arguments posed above, one can rationalize the structural

rearrangement from the near-hexagonal monolayer template to the (8x1) trough-like

multilayws as a release of strain in the film. Apparently the c(2x4) overiayer has a high

Ag surfaae free energy due to rumpling and perhaps defect ( vacancy) content. The

latter is suggested by the surface density of the c(2x4) monolayer, which Is

appuximately 7 0/0 below that of a perfect Ag(l 11) bulk plane. One infers that the strain

energy tor the near-hex~gonal Ag monolayer on the atomically smaother (111) and

(100) faces of Cu is lower in view of the layer-by-layer growth found for these systems

at 300K. For Ag/Cu(l 10) the transition to a (8x1) multilayw structure offers an

alternative, but one tnat Is far from strain free. This Is evident from the heavy clustering

that occurs in the absence of low temperature kinetic limitations, That is, given enough

Ag adatom mobility the 3-D clustem WIII act as traps for the Ag, Cluster growth allows

the Ag to relieve tho interracial strain and more rapidly reach a bulk-llke fcc lattice.

At low temperatures the kinetics prohibit the appearance of clusters and the
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strain Imposed by the in ‘trough Interface maybe the reason that supertattice film

periodicity ( the 3rd-order across the troughs) is found for coverages near 10 ML. If

these 3rd-order features are produced by a corrugation In the surface of the film, there

Isa natural comparison with the missing-row structures that have been examined by a

number of researchers on (110) transition metaf surfaces. Perhaps the shortening of

the Ag distance across the troughs, relative to a pure Ag(l 10) growth, leads to a

one-dimensional compression of the electron density. In effect, the strained film growth

might mimic the missing-row reconstruction seen for alkali adsorption on these

melenals, in a process that is enhanced by the electron donation of the adsorbate

[16-1 8], Because clustering is not allowed at !he low temperatures, it appears from the

degradation of the LEED patterns at high Ag coverages that the strain is relieved in the

thicker films by formation of misfit dislocations.

There are some similarities between the ovetlayer structures seen for Ag

deposition on Cu(l 10) and the segregationof Au on the (110) face of a Ni -0.8 % Au

alloy [19]. The Au/Ni system not only produces the (5x1) one-dimensional array fot

submonolayer coverages, but It &lso exhibits a (2x7) phase that has the same sofi of

c(2x4) spllttmg as was seen In the present study. The latter LEED pattern was

explained in terms of a compressed Ag(l 11) overtayer. The fact that Au is easily

segregated on the alloy surface Indicates that it has surface energetlcs that are

comparable to those discussed for Ag/Cu. Apparently It Is .he surface bonding for

these two segregation systems, coupled with the large lattice mismatch for the pall,: of

mderials ( mismatch of 12 YOfor Ag/Cu and 16 YOfor Au/Ni ), that leads to the

appearance of the near-hexagonal or segregant closepacked monolayer.

ACKNOWLEDGEMENTS

The Los Alamos research was done under the auspices of the U, S, Department

of Energy. The work In Holland Is part of a research program of the Stichtlng voor

Fundamenteel Onderzoek der Materie (FOM) and was made possible by the financial

supporl from the Nederlandse Org~nlsatie voor Wetenschappelljk. One of the authors

13



(TNT) would like to thank his hosts at the FOM-institute for Atomic and Molecular

Physics for their supporl and hospitality during his stay.

REFERENCES

[a] Chemical and Laser Sciences Division

[b] Exploratory Research and Development Center

[1] E. Bauer, Appl, Surf. Sci. 1l/la, 479 (1982).

[2] J. A. Venables, G. D. T. Spiller, and M. Handbucken, Rep. Prod. Phys. Q,

399 (1984).

[3] J. A. Venables, J. Vat. Sci. Technol, ~, 870 (1986).

[4] E. Bauer, Surf. Sci. Z, 351 (1957).

[51 P. W. Palmberg and T. N. Rhodin, J. Chem, Phys, a ,134 (1968).

[6] J. G. Tobin, S. W. Robey, 1.E. Klebandf, and D. A Shlrtey, Phys. Rev. B

~ ,9056(1 987).

~ J. E. Black, D. L. Mills, W. Daum, C. Stuhlmann, and H. Ibach, Surf. Sci.

(in press ).

[8] T. N. Taylor, M. A. Hoffbauer, C. J. Maggiore, and J. G. Beery, J. Vat. Scl.

Technol. ~, 1625 (1987).

[9] T. N, Taylor, M. A. Hoffbauer, L. Bomdovsky, J. G, Bee~, and

C. J. Maggiore, Materials Researcli Society Symposia Procee~!~gs ~,

95(1 987).

[10] J. F. van der Veen, S~.id.Sci, Rep, ~, 199 (1985).

[11] R, M, J, Maree, A, P, de Jongh, J, W, Derks, and J. F, van der Veen, Nucl.

Instru, and Methods in Phys, Res, ~, 76 (1987),

[12] M. W. Copei, doctoral thesis, University of Pennsylvania, 1986.

[13] G, E, Rhead, M, . G, Bwlhes, and C, Argile,Thin solid Films ~, 201 (1981),

[14] J. A. Venab16s, J, Derricm, and A Pi Janssen, Surf, Sci,~,411 (1980).

[15] T, N, Taylor, ~{. E, Muenchausen, and M. A, Hoffbauer, in prepardion,

[16] J. W, M, Frenken, R, L. Krans, J. F, van der Veen, E. Holub-Krappe, and

K, Horn, Phys. Rev, Lett. ~, 2307 (1987),

14



[17] P. Haberfe, P. Fenter, and T. Gustafsson, Phys. Rev. B W, 5910 (1989).

[18] K. -M. Ho and K. P, Bohnen, Phys. Rev. Let’t.~, 1833 (1987).

[19] E.G. McRae end R. A. Malic, Surf. Sci. ~, 53 (1986).

FIGURE CAPTIONS

Figure 1 ---

FigWe 2---

Figure 3---

(a) Normalized Ag and Cu Auger peak-to-peak intensities in N’(E) for the

deposition of Ag on Cu(l 10) =i 130 and 300K.

(b) Ratio of normalized Ag and Cu Auger intensities in (a) as a function of

Ag coverage for deposition at 300K.

Dots and solid lines depict a layer-by-layer behavior and “x% are for

ideal clustering model, as described in the text.

Oerlayer stmctures for Ag deposlton on Cu(l 10) at one monolayer

coverage and above.

_: split-c(2x4) LEED pattern obtained for monolayer coverage. A

c(2x4) reciprocal unit mesh is indicated by the dashed lines.

M&bl: (8x1) ~.EEDpattern obtained for multilayer deposition at IOW

temperature.

~: Real-space model of a c(2x4) overtayer based on a distorted

Ag(l 11) array, Large circ!es are Ag adatoms and dots are the locations of

the topmost Cu atoms. Dashed Ilne shows the c(2x4) unit mash,

: Real-space model for the (8x1) Iayerlng. Circles and

dots are the same as in (c),

Backscatterlng spectrum showing the Ag and Cu peaks as a function of

backscattering energy and scattering angle ( 0s ) for 0,90 ML Ag

deposition at 300K. Inset depicts the scattering geometry In the (I T1)
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plane. Shadow and blocking cones are drawn for the [~01] and [011]

string directions, respectively.

Figure 4 --- Backscattenng spectrum showing the Ag cluster contribution as a

function of backscattenng enemy and scattering angle ( 0s ) for 2.33 Ml

Ag deposition at 300K. Inset is a plot of the data for a cross-section in the

shaded region of the backscattenng spectrum.
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LEED Pattern
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