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Initial growth mode of ultrathin Ag films on an Al (111) surface
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The initial growth mode of ultrathin Ag films grown on an(AlL1) surface was studied using Auger electron
spectroscopy, low-energy electron diffractidrfEED) and x-ray photoelectron spectroscopy. Although Al and
Ag have the same fcc bulk structure with nearly the same lattice parameters and a similar homoepitaxial
growth mode, the initial growth mode of Ag on an(AL1) surface showed quite an unexpected behavior. As
silver was deposited on an @Al11) surface at room temperature, the intensities of LEED spots diminished
exponentially up to about 2 monolayéviL), and the LEED pattern completely disappeared between 2 to 4
ML coverage. After 4 ML thick deposition, (1) LEED pattern started to reappear. To explain these experi-
mental results, we propose a growth model of Ag film on thel &A1) surface that incorporates stacking faults
induced by an interface alloy formation as observed in our spectroscopic work.
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[. INTRODUCTION may also expect that Ag deposited on an14l) surface
would form an alloy near the interface region. In the former
In recent years, thin-film growth has become one of thestudies on the Ag/AL11) systent.’~?* however, the role of
main processes for information technologies such as maghe possible surface alloying to the growth mode of a Ag film
netic storage media and microelectronic devices. One of then an Al111) surface was not given full consideration. In-
goals in thin-film growth is to find growth parameters for the Stead, the Stransky-Krastanov growth mtder 3d island
fabrication of smooth surfaces and abrupt interfaces. As §rowth (Volmer-Weber mode® were suggested for the
result, the initial growth mode and morphology of thin films growth mode of the Ag films on an Al11) without the
have drawn vast attention from researchers on both experf:onsideration of the alloying.
mental and theoretical sidé<. In this paper, we report on the spectroscopic evidence of
Most of the work on the ultrathin film growth reveals that alloy formation during the initial growth of Ag films on an
the growth modes are very diverse depending on the physic4!l (111 surface at room temperature. We will demonstrate
characteristics of the adsorbate and substrate materials sulat the loss of long-range orddrRO) as suggested by the
as their surface free energies, lattice parameters and crystélisappearance of low-energy electron diffractidrEED)
line structures:? The strain induced by the lattice mismatch Patterns, especially for Ag films in the range of 1-2 to 4 ML
plays a significant role in the determination of the initial thickness is correlated with surface alloying. Finally, we pro-
growth mode for some systemsAside from the above- Pose a qualitative growth model of the Ag film on(AL2).
mentioned factors, stacking faults in the growing filor
surface alloying, results in complicated growth k_)eha\_ﬁ’GFs. Il. EXPERIMENT
Bulk Ag and Al have fcc structures, and their lattice pa-
rameters are 2.889 and 2.863 A, respectively. The lattice All the experiments were performed in three separate ul-
mismatch between Ag and Al is only0.9%. Therefore, a trahigh vacuum chambers with base pressures of74
pseudomorphic Ag film on an A111) should be under neg- <10 *!torr. The A(111) sample was of a “top-hat” shape
ligible stress. Agl11) and Al111) do not reconstruct, and and was cut to expose (411 surface within 0.5°. A clean
the interlayer relaxations between the top two layers aré\l(111) surface was prepared by repeated cycles of ian
negligible® In those respects, the two surfaces are similarsputtering and annealing at 750 K until no contaminants
On the other hand, A(1.16 J/n%) has smaller surface free were detected by Auger electron spectroscopiS) with a
energy than Ad1.25 J/n?),? and Al segregates to the surface cylindrical mirror analyzer. The clean @11) surface
in a bulk alloy of Al and Ag(=3% Ag concentration Since  showed a sharp threefold LEED pattern characteristic of an
the heat of mixing between the two materials is negativefcc(111) surface.
(—0.61 eV}, they can easily form alloys over the whole ~ Ag was thermally evaporated from a 99.999% Ag wire
range of composition in their bulk stattMost of the ex- that was wound around a tungsten filam¢é®®.99%. The
perimental studies on the growth of thin films involving Al deposition rate was 1-1.5 ML/min. During the evaporation,
such as AlI/A@11),*?> AI/Pt(111,'®* Pd/AI(100,**  the chamber pressure was kept below® °torr. The Ag
Fe/Al(100,* Al/Ag(110), and Al/Ag111) (Ref. 16 report  coverage was monitored with a quartz microbalance and the
the formation of surface alloys. From the above results, weoverage or the microbalance was calibrated by the intensity
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ratio of the AES peaks with transition energies of 66 eV for
Al and 357 eV for Ag. Ag was deposited on an(Al1) not

only at room temperaturéRT), but at 50 K. The low-
temperature deposition of Ag was intended to see the effect
of the alloying of Ag with Al at the interface on the LRO.
Because we expected that the alloying, if any, should be less
activated at such a low temperature, 50 K than at room tem-
perature. For that purpose, the(AL1) substrate was cooled
down below 50 K by a closed-cycle He refrigerator, and the
sample temperature was monitored by a chromel alumel
thermocouple attached just next to the sample.

XPS experiments were carried out in a separate UHV
chamber equipped with LEED optics, an x-ray source, and a
concentric hemisphere analyZ8G100 AX). The base pres-
sure of this chamber wasx710™ *torr and maintained be-
low 2x 10~ Otorr during Ag evaporation. The Mg K-line
was used for the x-ray source, and the overall spectrometer
resolution was estimated to be around 0.9 eV. Thickness
calibration was done by a quartz microbalance and cross
checked by the intensity ratio between Ad2and Ag3d
core-level peaks.

Oxygen titrations were made to test the composition pro-
files of Ag films by dosing 6 LangmuifL) of oxygen with
the oxygen partial pressure maintained aroundld ’ torr
after Ag had been deposited. During oxygen dosing, the,
sample was kept at room temperature.

For Ag films thicker than 4 ML, where LEED patterns are
recovered, LEED/V (spot intensity versus electron eneygy of the (1, 0) LEED spot intensity as a function of the depos-
analysis was made to determine the atomic structure of thgeq Ag thickness. The intensity of thel, 0) LEED spot
films. For the analysis, beam intensities were collected withyiminished exponentially up to about 1 monolay@iL )
an automated video LEED systéml/V curve for four in-  coverage, and then completely disappeared between 2 and 4
equivalent beams between 40 to 400 eV were fitted using R coverage. To examine the disorder normal to the plane
Tensor LEED prograrfi’ Pendry's reliability(R) factor and  separated from the lateral disorder, we examined(the)
Moruzzi's scattering phase shifts were usé@or the ther-  peam intensity near the out-of-phase condition with the
mal vibration effects, Debye temperatures of 225 K for Agsample 5° off from the normal direction. T, 0) beam is

FIG. 1. LEED pattern for clean A111), and 0.5-9 ML Ag
posited on an AL11) surface. Incident electron energy are 130
eV for all cases except 0.5 M(80 eV).

and 430 K for Al were chosen. sensitive to the disorder in the direction normal to the surface
because there is no lateral momentum tran&fer.Fig. 2b),
Il RESULTS we also find an initial, rapid drop of tH@®, 0) beam intensity,

but not to the extinction of the LEED pattern. It suggests that

The clean A(111) surface showed sharp threefold LEED there is substantial disorder of the structural and/or compo-
pattern with no other super-structures. As Ag was depositeditional origin along the surface normal direction. The disor-
on the A(111) surface at room temperature, the sharp LEEDdered region is, however, not thick enough to completely
pattern of the clean AL11) surface degraded very rapidly dephase the scattered waves. On the other hand, the absence
(Fig. 1). For Ag coverages between 2 and 4 ML, no LEED of (1, 0) spot intensity for all incidence energies up to 500
pattern could be seen at all except a bright background for akV, which should include many in-phase conditions, indi-
incident electron energies up to 500 eV. The LEED patterrcates that there are severe lateral disorders in addition to the
appeared again as the Ag thickness increéBed 1). Below  out-of-plane disorder for films below 4 ML.
2 ML of Ag coverage, beams retained threefold symmetry, Above 4 ML, the intensities of botti, 0) and(0, 0) spots
but between 4 and 9 ML, the LEED pattern was nearly six-slowly recovered. As the silver coverage increased further,
fold symmetric. This implies that the film was largely com- the overall spot intensities become similar to those from the
prised of hcp stacking domains and/or 180° rotated twin fcawlean A(111) surface. The intensities and shapes of the
domains. As coverage increased beyond 9 ML, the contrastEED spots reflect the structural order of the surface. Thus,
of spots becomes more and more threefold symmetric. N¢he intensity versus coverage data in Fig. 2 indicates that the
other superstructure was observed ofllAL) for all Ag cov-  surface loses its LRO in less than 2 ML of Ag due to both in-
erages and temperatures between RT and 50 K. On the othand out-of-plane disorder, and gradually recovers LRO after
hand, for the001) surface of Al at RT, a (% 1) superstruc- 4 ML of Ag are deposited.
ture was observed before the LEED pattern disappeared as LEEDI|/V analysis was performed for an 9 ML thick Ag/
the thickness of Ag film increasét?® Al(111) system to determine the quality of the film after

Figure Za) quantitatively illustrates the dramatic change recovering LRO(Fig. 3). The best-fit model giving the low-
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TABLE |. Best-fit structure of Ag9 ML)/AI(112) from LEED
I’V analysis.d;; means the difference in the relative interlayer spac-
ing between théth layer and thegth layer from the interlayer spac-
ing of the bulk terminated A[111). The Pendry reliability factor
1 was employed.

[0,1] beam

dj; Interlayer relaxation

di, +0.7%
dos +3.5%
dag +2.1%
das +2.5%
R factor 0.2061

LN

LEED Intensity (arb. unit)

10

oscillatory behavior as usually found for bulk terminated sur-
faces.(2) The film is found to be composed of two, 180°
rotated twin domains of fcc stacking with almost equal popu-
lation in consistency with the observed, apparently sixfold
symmetric LEED pattern. The crystallinity of the Ag film
should be very good in regard to the Idwfactors of 0.21.
. Homoepitaxial growth of Ag on a bulk terminated @d.1)
] surface shows clustering as high as 20 MRef. 27 at RT
with a similar deposition rate of Ag to that of the current
experiment. Thus, the growth of flat, 9 ML thick Ag film on
an Al(111) surface is quite an unexpected observation.
[0,0] beam ] Our observation of the initial Io;s of LRO and its nearly
- ’ 1 perfect recovery agrees with previous restits® But there
(;” : o T 2'0 is still no comprehensive, microscopic model explaining the
. abrupt disappearance and gradual recovery of LRO with Ag
(b) Thickness (ML) deposition on an AlL11) surface. Fricket al1’® suggested
that the formation of Ag islands with a substantially con-
FIG. 2. LEED intensity versus Ag thickness. Averaged beamtracted lattice caused the initial loss of LRO. They ignored
intensities are showrta) {0,1} beam at 130 e\ffilled circle) and 80  the possible influence of alloy formation near the interface
eV (open circle (b) {0,0; beam intensity at 52—54 eV. on the LRO.

In a study of Al on Ad11ll) and Ag110 surfaces,
estR factor is such thatl) the top layers within the reach of \Wytenberg Ormered, and Lamb¥rcould assign an AES
the probing electrons, about 3—4 ML, showed an expansiopeak with its transition energy, 61 eV, as originating from
of their interlayer spacing&ee Table)l Such an expansion the I, N4 N4 5 Auger transition of Al from AgAl alloy
of the layer spacings compensates the lateral contraction ghther than from thé , 3V transition of Al atoms. They also
the Ag film whose lattice parameter in their bulk phase ISfound that the AES pea‘lﬁl e\o increased in the ear|y stage
larger by 1% than that of Al. The interlayer spacing showsof Al film growth and decrease with further Al deposition.
The Ag/Al(111) system is made in the opposite order of
Al/Ag(111). Figure 4a) shows, however, a similar trend of
the intensity variation of the Auger peak. Figurdyshows
the variation of each peak intensity estimated from peak-to-
peak heights in differential spectra, as a function of Ag cov-
erage. The alloy peak with 61 eV transition energy shows
substantial intensity only for those Ag coverages where the
LEED pattern disappears. A decreasing peak with its transi-
tion energy of 66 eV is from Al atomé_, V'V transition
and a growing peak with 46 eV is from pure Ag atoms. This
indicates that some of the Ag atoms also from an,Mg
alloy with the Al atoms from the substrate, and the surface

MRS alloying appears to be correlated with the disappearance of
S0 100 150 200 250 30 LRO with the deposition of Ag on the Al11) surface.
Additional evidence for interface alloying comes from
x-ray photoelectron spectroscopy XPS data. In Fig),5
FIG. 3. Experimentalsolid line) and theoreticaldotted lin@ ~ Ag(3ds,,) core-level XPS spectra for Ag films deposited on
LEED 1/V curve for Ag(9 ML)/AI(111). Al(111) at RT with thicknesses up to 3.8 ML are shown. All

LEED Intensity (arb. unit)

LEED Intensity (arb. unit)

Energy (eV)
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FIG. 4. AES intensity versus Ag thicknegs) AES spectra for FIG. 5. (a) XPS spectra of Ag (8, as a function of Ag film

clean A(11D), Ag (1.5 ML)/AI(111), and Ag(9 ML)/AI(11D). (b)  thickness(b) The binding energyclosed circle and FWHM (open
AES intensity for various Ag thickness. The Auger electron transi-circle) versus Ag film thickness.

tion energies are 66 e\bpen circlg, 61 eV (filled circle), and 46

ev(+). 28 s . -
eV.“® This large broadening of the Agi3,, peak implies that

there exist more than two peaks in the spectra, originating
peak positions of the A@ds,) spectra are higher in binding from Ag atoms with different chemical environmeiit) Ag
energy(BE) than the well known BE of the bulk A8ds),), alloyed with the Al substrate an@) Ag in pure Ag clusters.
368.2 eV?® The highest BE shift occurs at 1.2 ML of the Ag Hence, the main features observed in Aty3 core level
film, and the BE is 368.7 eYFig. 5b)]. Fuggleet al® re-  XPS spectra can be explained consistently under the assump-
ported that the BE of A@ds,) from Ag,Al bulk alloy is  tion of interface alloying between deposited Ag atoms and
higher by 0.5 eV than that of the bulk Ag, and so we maythe Al substrate.
attribute the observed high BE shift of £gls,,) for the Ag Figure 6 shows the results of an oxygen titration experi-
films to Ag,AIl alloy formation. As the Ag film gets thicker, ment. The filled circles indicate the ratio of Auger intensities
the center of the peak shifts back toward the lower bindingof oxygen(506 e\) with respect to Ag357 eV). The ratio
energy side, i.e., toward the bulk Ag peak, and the spectrdecreases rapidly as the Ag coverage increases. The reactiv-
gets broader. This is caused by the increased contributioity of Ag at the given titration condition is negligible. Thus,
from the pure Ag atoms as the film gets thicker. it suggests that the Al exposed to the surface diminishes with

Another notable feature of the spectra in Figa)5s the  Ag coverage, and the alloy formation of Ag and Al is re-

increase of peak width according to the increase of the thickstricted to the interface region of thickness of two to three
ness of Ag film. The Lorentzian widths of Agi3,, peaks in  ML's as also suggested from the above spectroscopic stud-
Fig. 5@), which are obtained from a fitting procedure with ies.
Voigt function and with a Gaussian width of 0.9 Mstru- From the above results of AES, XPS, and oxygen titration
mental resolutio) are plotted in Fig. ). As one can see at room temperature, we expect that an,Algalloy forms
from the figure, the full width at half maximuitFWHM) of near the interface and there could be some correlation be-
Ag 3ds, at 3.8 ML thick Ag film is 0.53 eV, which is larger tween the alloy formation near the interface and the loss of
nearly by two times than the value of the pure bulk Ag 0.281LRO. This expectation is strengthened by the behavior of the
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Thickness 6f Ag (ML) FIG. 8. Adsorption energy per Ag adatom was calculated for

FIG. 6. Oxygen titration results. The amount of oxygen ad-Poth alloy position(marked with unprimed coordination number

sorbed on the surface is calibrated by AES intensity ¢frénsition ~ and nonalloy positiorimarked with primed numbgat the edge of
energy: 506 eYrelative to that of Ag. a Ag,Al island. Diffusion barrier for a Ag adatom was calculated

following the minimum energy pattgray ling from a certain po-
Ag film deposited on the AL11) surface at 50 K. We exam- sition in the upper terrace near the step edge to the lower terrace
ined the LEED pattern and Auger spectra at the same lowvith fully relaxed geometry by total energy minimization. Two dif-
temperature after depositing Ag. On visual inspection, thderent cases for interlayer diffusion on Mg are marked a€qe,
LEED spot intensity showed the same propensity: a rapi@ndEgch, where the former runs down to the alloy position and the
decrease Of Spot |ntens|t|es up to 4 ML and a gradual reco\}atter to the nOna”Oy pOSItlon Intel’|ayel’ diffusion Of a Ag adatom
ery with further Ag deposition, as in Fig(t). However, the ~©N an Ag |sland on an Ag covered surface, as is shown in right
LEED patterns were never extinguished, although the spotsPrner of the figure was also calculated.
became very dim and broad in the large background inten-
sity. In Fig. 7, the AES spectra taken for the Ag films depos- . o
ited on the Al substrate at 50 K still reveal the peak from the®" @1 Al111), we employed a method of semiempirical cal-

alloy, although reduced in intensity, as a small peak or gulation, embedded-atom metho@®AM) by Daw and
shoulder near 61 eV. Instead, the intensity of pure (A§ Baskes By incorporating a bond bending term, a modified

: : EAM (MEAM) (Ref. 31 has widened applicability even to
eV) relative to that of the AgAl alloy (61 eV) is larger for
the film deposited on a substrate at 50 K than that for the fil urface problfms of Iarge' systeffiane used a MEAM code
of the same thickness, but deposited on a substrate at R om Bas_ke§z and chose Input parameters r_eproducmg well-
This should result from a kinetically limited alloy formation known diffusion barriers for the homoepitaxial growth of Al

in such a low temperature due to the reduced interdiffusio?"d Ag. Details of our MEAM work will be described

of Al and Ag. In summary, we find a less severe loss of I_Roelsewhere°’.3 A reliable quantitative description of elemen-
with reduced interface alloying, which strengthens our sug:[ary kinetic ProCESSES requires highly accurate knowledgg of
he electronic structure of the system of concern. In prin-

gestion that there is a correlation between the surface alloy}—. i s .
ing and the loss of LRO. ciple, first-principles calculation should be preferred for such

a purpose, but, in practice, are severely limited by computing
power for large systems. MEAM calculation with its intrinsic
limitations still proved effective to elucidate an atomistic
growth process at a qualitative levél.

Current MEAM calculations show that the Ag adatom
favors the site that forms the Agl alloy (alloy site with a
difference of the adsorption energies between the alloy site
and the nonalloy sites of 0.1-0.2 eV, depending on the
nearest-neighbor numbé¢see Fig. 8 and its figure captipn
Further, the Erlich-Schwmel barrier for an Ag atom on an
Ag,Al(island/Al(111) downward to the alloy formation site
(Escp) is dramatically lower than thoseE(s) to the non-

N alloy sites on the terrace. The respective diffusion path is
36 20 50 50 70 80 shown in Fig. 8, and the respective adsorption energies are
given in Fig. 9a). The above results support that the alloy
site is energetically preferred for incoming Ag atoms and

FIG. 7. AES spectra for 0.8 and 1.6 ML Ag deposited on that the formation of the alloy effectively reduces the inter-
Al(111). Growth temperatures are room temperatsmid line) and  layer diffusion barrier and helps to extend A islands.

50 K (dotted line. Nevertheless, there is still a missing link that microscopi-

In order to get a microscopic picture on the growth of Ag

AES Intensity (arb. unit)

Energy (eV)
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FIG. 9. Adsorption energy per a Ag adatom along each diffusion fec stacking  hcp stacking
path as explained in Fig. 8a) black (gray) line: Starts from upper (b)

terrace of AgAl island down to the alloy(nonalloy position on

Al(111) substrate(b) interlayer diffusion from a position on a Ag FIG. 10. (a) A schematic top view of possible Agl and Ag

island down to a Ag surface on an Al substrate. Diffusion path isdomain arrangement on fml) surface. Filled circles denote Ag

optimized with total energy minimization. Each vertical grid corre- g3toms and open circles are Al atoms.,Abisland (right) sit on hcp

sponds to the unit diffusion distance, from fcc to fcc via hep sitesite and Ag clustetleft) sit on fcc site, and dislocation exists be-

and vice versa. tween two types of domaingb) Side view of two types of stacking.
fce stacking(left; A/B/C), hep stackingright; B/C).

cally connects the interface alloy formation to the loss of

LRO in the growing film. In the following section, we pro- |axation to compensate the reduced coordination of the at-
pose a qualitative model to explain the microscopic origin ofy s at the edges of the islands as found in spot profile analy-
the loss of LRO and possibly the recovery of LRO. sis LEED experiment& Those differently stacked, severely
relaxed islands and the large density of misfit boundaries
IV. DISCUSSION _between them produce Ia_lteral disord(_er. Further, the intermix-
ing of Ag and Al atoms in the alloy islands propagates the
The lattice parameter of the A8l alloy is 2.885 Al compositional disorder into the substrate as evidenced by the
which is almost the same as 3889 A and Al2.863 A), severe reduction i160,0) intensity in its out-of-phase condi-
so that the structural disorder is not caused by lattice mistion [Fig. 2(b)]. Recently, Wetli, Hochstrasser, and
match. It is known, however, that A8l forms in the hcp  Erbudak® reported that Ag films on Ag\l grew in hcp
structuret! So, the stacking faulted hcp islands grow on thestructure up to 2—6 ML, and hcp and fcc structures coexisted
fcc Al substrate. Thus, when Ag atoms are deposited olin the 6—40 ML range without displaying any LEED pattern.
Al(111), some of them form hcpAgd\l islands and the others That result supports our argument that attributes the loss of
fcc Ag islands. Then, they are separated by stacking faultelRO to the coexistence of small hcp and fcc islands.
regions.(Ag atoms on A{111) favor fcc sites with the ad- Continued Ag deposition will make the fcc Ag islands
sorption energy larger only by 0.02 eV per atom than that orand hcp islands grow up, but for the fifth and sixth layers, the
hcp sites according to our MEAM calculation. Then, hcpadsorption sites of Ag both on fcc islands and on hcp islands
pure Ag islands would also nucleate randomly at RT. Theyare identical as shown in Fig. 1(.et ABC be the stacking
are, however, expected to quickly switch to fcc stacking asequence of substrate Al, a@icbe the stacking of the surface
they grow, as for the case of Al homoepitaxial growth on alayer. On top of it, fcc stacking go@sBCABCand hcp stack-
(111) surface’**®Hence, we do not take their temporal ex- ing, BCBCBC We find the fifth and sixth stacking are iden-
istence into our account. tical, i.e.,B andC.) Hence, in the fifth and sixth layers, there
With further deposition, AgAl alloy formation should be are no stacking faulted sites and extended islands can form.
reduced. Ag atoms are, however, known to grow opAddn On top of those layers, fcc stacking, which is natural for bulk
hcp stacking up to 6 ME? Hence, the stacking faulted is- Ag, would be preferred. This picture is consistent with our
lands would grow as separated before some critical coveragexperimental observation, i.e., the recovery of LEED pat-
is reached where LRO starts to recover. Since the lateral sizerns starts from the fifth layé€Fig. 1). On the completion of
of the randomly nucleated islands is limited by the stackinghe sixth layer, however, the recovery of LRO is still not
faulted boundaries, they would suffer from severe lattice recomplete, as judged by the low LEED intensity in Fig. 2.
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This means that there should still be a large density of un- V. SUMMARY AND CONCLUSION
filled stacking faulted boundary sites and twin boundary I . .
sites, as revealed in our LEEDV analysis. The correction The ‘initial growth mogie of ultr.athln. Ag fllm_s on an
of such misfit sites takes place through many layers on top d?‘l (111) surface was studied. ,AS sHygr is deposited on an
the fifth layer due to some kinetic or energetic limitations. 2 (111 at room temperature, intensities of LEED spots di-

For 9 ML thick film, our LEEDI/V analysis, as men- minished exponentla!ly up to about 2 ML, and the LEED
tioned in the former section, was successfully made by #attern completely disappeared from 2 to 4 ML coverage.
model with a flat fcc Ag surface. This implies that large With further deposition of Ag, (k1) LEED spots start to
terraces of fcc stacking form with sizes comparable to théeappear. AES, XPS, and oxygen titration experiment
coherence length of the incident electrons. This selfshowed that a substantial amount of alloying happens near
correcting growth behavior of Ag from the fifth layer is in the interface, though the influence of the interface alloying
sharp contrast to the homoepitaxial growth of Ag film on anon the growth mode of Ag films has not been taken seriously
Ag(11]) substrate that produces high rising clusiersto 20  before.
ML) at room temperatur€. The observation of wide terraces ~ From our experimental observation, a growth model of
of the Ag film (> 5 ML) on Al(111) impljgs that the inter- Ag on an A(111) surface is proposed; in the interface, al-
layer diffusion barrier, the Erlich-Schwel barrier, for |oying results in AgAl domains of hcp stacking in parts of
Ag/Ag (>5 ML)/AI(111) should be much smaller than that the surface and on the remaining surface Ag islands of fcc
for Ag/Ag(111), 0.12 eV. Our MEAM calculation on the stacking form. On top of those islands, Ag grows following
intel’layer diffusion barrier, hOWeVer, does not Satisfy th|Sthe same Stacking of the island where Ag landed. These
condition. For a Ag atom on an Ag island/Ag{)/Al(111),  stacking faulted random islands with large lateral contraction
the Erlich-Schwoebel barrier is still high, 0.12 eWfig.  result in the loss of long-range order. For the fifth and sixth
9(b)], which is virtually identical to the barrier felt by a Ag |ayers, however, hcp and fcc stacking find the same adsorp-
atom on Ag111). Thus, the observed layer-by-layer growth tion sites, resulting in more natural fcc stacking of Ag from
comes from other causes. the fifth layer on. Ag filmg>5 ML) display large terraces as

A possible clue is that the templates for the homoepitaxiabyidenced by sharp LEED spots, which is at variance with
grOWth of Ag from the fifth Iayer on, are not as perfect as thethe growth mode of Ag on a clean A'm_l) surface. A |arge
clean Ag111) substrate. Rather, they should still contain adensity of kink sites originating from the stacking faulted
large density of voids and kinks originating from the bound-domain boundaries are expected to offer efficient interlayer
aries of stacking faulted islands. Even for the 9 ML thick giffusion channels. This kind of growth mode is similar to
film, there should be a large density of kink sites associate¢he reentrant growth of Pt of111) surface.
with boundaries of twin domains, as revealed by our LEED
I/V analysis. For the homoepitaxial growth of Pt @iil1)
surface, the reentrant, layer-by-layer growth was reported
and attributed to the large densities of kink sites formed in
the earlier cluster growt?f Those kinks offered kinetic paths ~ We thank M. Baskes, K. Takahashi, M. Scheffler, J.
to promote interlayer diffusion. We expect that the large denWollschlager, and W. Wulfhekel for helpful comments. J.K.
sity of kink sites in the Ag templates would play the samethanks S. Cho for the technical support and C. lhm for the
role offering efficient channels for the interlayer diffusion low-temperature experiment. This work was supported in
and result in a layer-by-layer growth as for the case of reenpart by KOSEF through ASSRC and by Nanotechnology
trant Pt homoepitaxy o1i111) surface. To clarify this de- Project('99) from MOST, by Korea Research Foundation
scriptive model, studies employing local probes such a$1998-015-D0011R and by the ministry of science and tech-
scanning tunneling microscope are highly required. nology (99-N6-02-01.
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