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The Ag/Cy111) system can be considered as a model one concerning the atomic structure of one monolayer
deposited on a substrate in the case of strong size mismatch. Thus, it has been the subject of many experimental
[Auger electron spectroscopy, low-energy electron diffraction and scanning tunneling micréSddpy and
theoretical studies, in particular withi-body potentials. Although most results agreed both with the existence
of annXn superstructure accommodating the size mismatch and with a strong corrugation of the Ag adlayer,
the morphologies—derived from STM on the one hand and numerical simulations on the other hand—were not
found to be consistent. Here we revisit the previous theoretical study, taking into account different additional
mechanism$Ag and Cu vacancy formation, partial dislocation Ipap relax the interfacial stress. As a result,
we obtain that the most efficient relaxation mechanism is the formation of partial dislocation loops in the first
Cu substrate layer, requiring the formation of four or five Cu vacancies per unit cell in this plane. This leads
to a strong damping of the corrugation in the Cu underlayers, and a perfect agreement is reached between
observed and calculated surface morphold§0163-182609)14915-4

I. INTRODUCTION lated one, as can be seen in Fige) &nd Xb). In particular
the main pattern of the STM image is the presence of deep
The knowledge of the atomic structure of a monolayertriangular-shaped regions, edged by either four or five atoms
deposited on a substrate is very important for fundamentalith one or three protruding atoms in the certeig. 1(b)].
and technological reasons. This explains the large quantity afonversely the previous TB-QMD calculation only exhibits
works on this subject. In particular the influence of size mis-rounded uniform hollowed regiori&ig. 1(a)].?% Let us men-
match between the deposit and the substrate has been largéiyn that more isotropic shapégeferred to as Moirestruc-
investigated~’ From this point of view, the Ag/Cy11l)  tures, similar to those resulting from TB-QMD calculation,
system can be considered as representative of the casehave also been observed previously by STNn fact, more
large deposit atom and small substrate atom for two specieschaustive STM studié$ reveal that both structuregri-
which are almost Completely immiscible in the bulk. ThUS, it ang|es and Mofrhcan be observed as a function of tempera-
has been the subject of many experiméhfdl and (e
theoretical'~** studies. The first _experiments WEre Per-n this paper we show that such triangular-shaped regions
formed by low-energy electron diffractioLEED):™ they o pe obtained theoretically, by taking under consideration
put into ewdenpe the existence of a (10)x(10+1) SU i the TB-QMD simulation some additional possibilities to
perstructure suited to the coincidence mesh corresponding [Rlax the interfacial stress. This involves the formation of Ag

: ; 0
th‘? size mismaich between Ag and @bou.t 13% The \{acancies in the surface plane, Cu vacancies, and partial dis-
existence of such a superstructure was confirmed by theorq - : : . .

ocation loops in the first underlayer. It is obvious that such

ical calculations performed using quenched molecular dy-h nomen Id be hardlv observed during realistic tim
namics(QMD) simulations, based on an interatomic poten—p enomena cou € hardly observed during realistic imes

tial derived from electronic structure in the tight-binding ©f Molecular dynamics simulation. Thus we have to intro-
approximation(TB-QMD).zz In addition, a very large corru- duce them at the beginning of the _S|mulat|0n. Th|§ allows us
gation was predicted both for the Ag adsorbate layer and© compare th.e energy of the various configurations and to
more surprisingly, for the first layers of the Cu substrate. [td€cide which is the most stable one, at leasT at0 K. In
was found that this corrugation is damped only beyond about€turn, the determination of the atomic mechanism leading to
ten layers. the optimized configuration is clearly beyond the scope of
In order to test these surprising theoretical results, experithe present work.
ments were proposed coupling scanning tunneling micros- The paper is organized as follows. A survey of the model
copy (STM) and surface x-ray diffractioiSXRD).2° Con- is presented in Sec. Il. Then we apply it for the study of the
cerning the periodicity, both types of experiments essentiallydeposit of one Ag monolayer on the @d1) substrate, in
confirm the LEED conclusions, namelyre<n superstruc- order to determine the structure which minimizes the adsorp-
ture with 9<n=<10 (more precisely, SXRD gives=9.43).  tion energy(Sec. Il). A detailed analysis of this structure
Conversely, the morphology of the Ag surface plane dis-and a comparison with the experimental data are proposed in
played by the STM image differs somewhat from the calcu-Sec. IV before giving some perspectivé&ec. V).
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Il. MODEL cell. This requires dealing with different numbers of Ag and
Cu atoms in these cells. To this aim, we have to define a
As mentioned above, we have to compare structurepertinent energetic criterion. Such a criterion is the adsorp-
which differ both by the periodicity and pattern of the unit tion energy per Ag atom, written in the following way:

g Etot(Agn /CUN— nv) +n, Ecoh(C U) - Etot(CuN) —n Efree(Ag)
A= - , )

where E,(Cuy) is the total energy of the substrate with
atoms and g111) surface,Eq.dAg) the energy of an iso-
lated Ag atom (taken as the energy originand finally
Etot(Agn/CuN_nv) is the total energy of the system, includ-

ing the Cu substrate withN—n,) atoms and the adsorbed
layer containing n Ag atoms per unit cell. In this expression,
we take into account the possibility to createCu vacancies

in the first substrate layer to minimize the adsorption energy.
As for the vacancy formation energy in the bulk, theCu
atoms, which have been taken off, are assumed to be re-
placed at the Cu chemical potential, i.e., the Cu cohesive
energyE.., (Cu). It is worth noting that this grand canonical
formalism does not supply any information on the atomic
mechanism for the formation of these vacancies, and that it
would not apply to eventual intermediate states, such as the
integration of the removed Cu atoms in the Ag adsorbate
plane. In practice, this means that these Cu atoms are re-
placed at some pure Cu kinks in step edges. The optimal
structure will then be the one which minimizes the adsorp-
tion energy{Eq. (1)].

The energetic model is derived in the framework of the
tight-binding approximation. More precisely, we write the
energy of an atom at siieas the sum of a band contribution,
in the form of the square root of the second moment of the
(b) local electronic density of states, and a repulsive term of the
Born-Mayer type?*

E;=E} " E )

rep’

1/2
Eiband:_|, Er ngeXF{_ZqIJ<:%_1)H ) (3)

hrij=< 0

: 4

i r:
Elrep:, 2 Al eXF{ - le(%_l)
J,rij<rC rO
wherer;; is the distance between atoms at siteand j,
respectively occupied by theand J chemical specied:,J
=Ag or Cu;r, is the cutoff of the interactioithere beyond
second neighboysand r'o' is the first-neighbor distance in

FIG. 1. Ag/Cu microstructure viewed from above. The grey the metall [rI()J:(rI()I+rgJ)/2]'
scale has been chosen such that the bladiite) dots are associ- Therefore, the energy depends on three sets of four pa-
ated with the deepeshighes} elevation. The theoretical results are "@Metersty;, Ay, Pig, andq,;, which qharactgrlze, respec-
shown in(a) before the introduction of vacancies and( after  tively, the Ag-Ag, Cu-Cu, and Ag-Cu interactions. The val-
creation of two domains with respectively four and five vacanciesu€s of these parameters are the same as in the previous tight-
per unit cell. The extreme elevations drg, = —0.33 A andh,,,,  binding study?” They have been determined for homoatomic
=+0.75 A. In (b) we recall the experimental STM imagRef.  interactions(Ag-Ag and Cu-Cu by fitting the experimental
20). values of the cohesive energy, lattice parameter, and differ-
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ent elastic constants. The mixed interactighg-Cu) are de- 15 -~ n =0
termined to reproduce the essential feature of the Ag-Cu
phase diagram, namely, the existence of a miscibility gap.
This is achieved by fitting the solution energies of both Ag in
Cu (—0.38 eV) and Cu in Ag £0.28 eV)®

It is well known that the surface energy of each pure
metal is underestimated within this kind of N-body potential,
as it is the case for other related methgdmbedded-atom
method(EAM),?® effective medium theoryEMT),?’ Finnis-
Sinclair potential$® glue modef® etc). However their dif-
ference from one element to the other is fortunately well
reproduced in the case of Ag and Cu, which is an essential
requirement in surface alloys and alloy surfaces stutfies.

Then the optimized structures are obtained by means of a FIG. 2. Corrugation profiléin A) associated with the:29 (full

quenched molecular dynamics qlgoritﬁ?nThe atoms are jineg and 10< 10 (broken line$ superstructures, for different num-
displaced following the interatomic forc€s calculated as  pers of Cu vacancies per unit cefi,(=0, 4, and 5.

Corrugation [Al

dEqo In order to obtain an atomic-scale insight into the stress
ar ) distribution in the system, in Figs(® and 3b) we show the

' maps of local pressut&3* undergone by the atoms of the
The quenching procedure is performed by cancelling the vefirst two planes: the adsorbate Ag plane and the first Cu
locity Ji of atom i when the producﬂfi-Ji becomes substrate layet® A striking feature is the almost complete
negative® This drives the system toward a minimum of en- reversal between the images of Ag and Cu layers. More pre-

IEi:—

ergy at =0 K. cisely, all the Ag atoms undergo a tensile pressure, the most
tensile ones being concentrated in localized regions with
IIl. OPTIMIZED STRUCTURE OF ONE AG MONOLAYER rounded shapes. Conversely, the Cu plane presents both
ON CU(111) compressive and tensile regions, the sites in maximum com-
pression lying just below the Ag ones presenting the maxi-
A. Survey of the previous theoretical study mum tensile stress. The underlying planes present a similar

Let us briefly summarize the previous study performed orfOMpression which is completely damped beyond the tenth
the Ag/CY111) systen?? The first step was to determine the layer only. This implies that the most strained regions are
periodicity of the superstructure at the completion, the lattefMade up of columns of atoms ended by the most tensile sites
being defined as the critical coverage beyond which an agef the Ag adla_yer. Let us recall that these Ag tgrjsne srges are
ditional Ag adatom should be located in the second adlayetn0se placed in on-top or close to on-top positions with re-
This was performed by placing am+1)x(n—1) Ag spect to the underlying Cu atoms, correspond!ng locally to a
layer on amx n Cu(111) substrate in order to determine the {A(AQ)-A(Cu)-B(Cu)-C(Cu)-A(Cu)-- - -} stacking, as de-
value of n which minimizes the adsorption energy per Ag squbed sc_hematlcally in Fig. 4. Surprisingly the Ag sites
atom. In fact, what was found was that this energy presents With the highest elevation are the hexagonal-close-packed
very smooth minimum in the rangesh<11. This value is (NcP ones, corresponding to the loc4B(Ag)-A(Cu)-
close to the value* that could be predicted from the simple
geometrical criterion of a uniform distribution of the size
mismatch all along the close-packed rows, namely,

1
n* = 5 =8.76 (6)
rCu

Mg

with rg,=1.28 A andr ,=1.445 A

Nevertheless, it is worth pointing out that, even though
this simple criterion was apparently satisfied, the distribution
of the Ag atomgand that of the underlying Cu onesas far
from being uniform. Indeed a very strong corrugation oc-
curred, which could be quantified for each plane parallel to
the surface as given by the maximum amplitude of elevation g\ 3. | qcal pressure maps in the 4 and ()] and Cu
between the lowest and highest atoms of this plane. ThRp) and (d)] layers for the 1610 superstructure, withoiita) and
corresponding corrugation of the first atomic planes was veryp)] and with five Cu vacancief(c) and (d)]. The gray scale is
pronounced, extending into the substrate up to the tenth Cghosen such as the whitblack atoms are the most tensileom-
layer. The Ag adlayer presented a corrugation of about 0.@resseyiones with the following extreme values: In the Ag layer,
A, whereas a maximum value of 1.2 A was observed on the ;= — 88 kbar, andP .= + 19 kbar; and in the Cu layeP,;,
first substrate planésee the curves fan,=0 in Fig. 2. = —77 kbar, andP .= + 84 kbar.

(©) (d)
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FIG. 5. Variation of the adsorption energy in eV/at with respect
to the one of the 1810 superstructure without vacancies, as a
function of the number of either Ag vacancies in the<tt®D super-
structure(dotted ling, or Cu vacancies in the »010 (full line) and
9Xx9 (broken ling superstructures.

Top view

adsorption energy whatever their concentration. This means
FIG. 4. Schematics of the stacking fault, which allows one tothat the system “prefers” to accommodate the stress induced
a_lv0|d unfavorgble _on-top_ posmomh_eft-hand Sld.¢, by the introduc- by the on-top atoms by allowing a long-range corrugation
tion of a partial dislocation loogright-hand side The Ag (CU)  jntg the substrate rather than to lower the atomic density in
atoms are represented by empigyray) circles. Upper side: sche- o ag adlayer. Thus the triangular shaped regions observed
Tatlc profile XIeW. _'I_'he darker cm_:le§ Iabel_the Cu atoms initially in by STM cannot be attributed to Ag vacancies.
unfavorable” positions. Lower side: top view of the first two lay-
ers(Ag and Cu. . L i
C. Creation of vacancies in the first Cu substrate layer
B(Cu)-C(Cu)-A(Cu)---} stacking, whereas the Ag atoms  Let us now study the effect of introducing, Cu vacan-
placed in the on-top position are those with the lowest elevacies per unit cell in the first substrate layer. This means that
tion, this result also being recovered by EAM simulatfdn. We have to locate the Cu atoms which have been removed
A way to relax partially the interfacial stress should be toelsewhere. The choice of this location is far for being simple.
avoid such unfavorable positions by removing atoms fromindeed, two main situations can be encountered depending
regions where they are the less coordinated, either from th@n that one favours either thermodynamical or kinetical ar-
Ag adlayer or from the first Cu substrate plane. Another wayduments.
is to create a local stacking fault on one of the first two (i) In the former case, i.e., from a thermodynamical point
planes to eliminate the on-top positions, either in the Agof view, the stablest situation is to locate the removed atoms
plane or the Cu plane. In this latter case the stackingit some substrate step edges.
{A(Ag)-A(Cu)-B(Cu)-C(Cu)-A(Cu)---} is replaced by (ii) In the Iaf(ter case, i.e., from a kinetical point of view, a
{A(Ag)-C(Cu)-B(Cu)-C(Cu)-A(Cu)- - -} (see Fig. 4 We  Possible transient state could be found at least for a system
will see in the following sections that this localized stackingPresenting a wide range of miscibility in the bulk phase dia-
fault, surrounded by partial dislocation loops, also requiregram, by relocating the removed substrate atoms within the
the formation of Ag or Cu vacancies. This means that theleposit adlayer, forming a two-dimensional dilute surface

two processes of interfacial stress relaxatipoint defects ~alloy. _ . _ _
and dislocation loopsare strongly connected. Here, consistently with our aim to find the stablest struc-

ture at equilibrium, we have chosen to follow the thermody-
) o namical prescription, i.e., to locate the removed atoms at
B. Creation of vacancies in the Ag adlayer kinks. This is the most natural way as the kinetic solution
As mentioned above, it is tempting to relax the stress bydoes not apply to our case since the miscibility between Ag
introducing vacancies within the Ag adlayer. This is what weand Cu is very low in the bulk.
have done by removing successively the Ag atoms in the Two extreme ways exist to introdugg, Cu vacancies,
on-top or close to on-top position for the XA0 periodicity.  either in a nonlocalized way by suppressing one Cu atom in
The perfectly on-top position is unique, as can be seen ieach ofn, close-packed rows before shifting continuously
Fig. 4. Therefore, there is no ambiguity for removing a singlethe remaining Cu atoms along these rows, or in a more lo-
vacancy. The choice is more puzzling in what concerns thealized way by removing the Cu atoms which are in the close
following removals, since the structure is symmetric aroundvicinity of the perfectly on-top Ag atomiin practice, we
the perfect on-top position, presenting six less coordinatedemove these Cu atoms along a close-packed row, passing
equivalent sites. Then, instead of squeezing out one ovehrough this on-top position For the first casécontinuous
these six atoms, we prefer to remove them along a closeshift of the Cu atoms the relaxation leads to the superstruc-
packed row near the on-top atom, in order to let the otherture shown in Fig. (c) for the 10< 10 unit cell with four and
relax without constraint. As can be seen in Fig. 5, the introfive vacancies. We can observe triangular-shaped regions
duction of Ag vacancies leads to a continuous increase of thevith one or three protruding atoms in the center, in excellent
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agreement with STM images. In the bottom of Fig. 4, we down
show a schematics of the final configurations of the first two S S S S T
planes(the Ag adlayer plane and the first Cu substrate) one
for the 10< 10 unit cell with five vacancies, initially nonlo-
calized.

Let us remark on the efficiency of the relaxation algo-
rithm, which leads to a localization of the shifted Cu atoms,
the n, vacancies themselves being distributed along a trian-
gular boundary. In fact, the same triangular structure is ob-
tained if one introduces the vacancies in a more localized
way, following the second proposed procedure. This con-
firms that this structure is the stablest one and not a meta-
stable solution, since it is obtained whatever the initial con-
figuration. It is worth noting that such a configuration has F|G. 6. Vacancy condensation in tha layer of a fcc
been already obtained for small vacancy clusters in bulk fcc .. c/A/B/C/ ... stacking. The dots are used for atoms of tpe
metals*®3"The Cu atoms inside the triangle are now in a hcpthe full circles for those of typ€, and the crosses for those of type
position relatively to the Cu substrate. This allows the AgB atoms. Only the triangular loops of 15 vacancies inAtiayer are
atoms, which were previously in on-top or close to on-topshown. The other loop siz&8, 6, 10, and 2llindicated in Table I,
positions, to be in ternary hollow positions. Moreover the Agare obtained in a similar way.
atoms along the triangle edges are in a fourfold position, and
the triangular corner Ag atoms are in a fivefold position, position of some Ag atoms. The triangular shape is in fact a
which leads to more favorable Cu-Ag bonding. localized region where the stackifé (Ag)-A(Cu)-B(Cu)-

The minimum values of the adsorption energy are foundc(Cu)-A(Cu)--- -} is replaced by{A(Ag)-C(Cu)-B(Cu)-
for 3<n,<5, the absolute minimum being reached for four C(Cu)-A(Cu)- - -}, leading to a stacking fault in the first
vacancies for the 1010 structure. The obtained value, both substrate plangsee Fig. 4. It is well known that a localized
for the 9x 9 and 10 10 superstructures, is very close to the stacking fault can be formed in the bulk by dissociation of a
Moiré structure ondi.e., without Cu vacanci@ssince it is  perfect dislocation into Shockley partials or by Frank dislo-
lower by only 0.004 eV/at. This is consistent with the obser-cations, for instance produced by aggregation of
vation of the two structures, depending on the temperafure. vacancies®*° A famous example is the stacking-fault tetra-

Let us conclude this section by noting that the Cu vacancyiedra observed in quenched g8ldsilver, and also nickel-
formation energy becomes negative foB,<5. This is  cobalt alloys!® However, this peculiar geometry is a three-
very similar to the stress relaxation process predicted foflimensional(3D) one. Thus one can ask about the relation
clusters of icosahedral structutln this case, the existence between the extension of the stacking fault and the number
of a constitutive central vacancy is shown to be the mosef point defects necessary to its creation in the present
efficient way to relax internal stress due to the icosahedrafjuasi-2D geometry.
stacking. To answer this question, let us consider Frank disloca-

For the present case, the Igand even negativesalue of  tions running along 110)-type directions(i.e., a triangular
the vacancy formation energy on given sites of the first Cloop) in the first(111) surface layer of a pure semi-infinite
substrate plane can shed some light on the atomic mech&u crystal with the stackin@(surface)A-B-C-A ... . This
nism responsible for the superstructure. In fact it is wellis obtained by vacancy condensati@ee Fig. & in the first
known that the superficialadvacancy concentration is underlayer A). However, as can be seen in this figure, de-
higher than the bulk one. This is a consequence of the lowgsending on whether the orientation of the loop is dowf)
vacancy formation energy at the surface, which is itselfor up (A), the number ofC sites is greater or smaller than
mainly due to the smaller number of broken bonds necessamie number oB sites inside the triangular loop. As a conse-
to create an advacancy. As the surface contains a lot ajuence, for the down orientation, we can expect a giant re-
sources and sinks of point defects, the superficial vacanciaxation of the surface atoms, those above the triangular loop
concentration reachésr retaing its equilibrium value very  of vacancies going into the sites inside the triangular loop.
easily. Since a part of these superficial vacancies must seg-
regate in the favorable zones of the first substrate plane de- TABLE I. Relation between the size of the Frank lo@p num-
scribed above, we can expect rapid exchanges between dekr of vacanciesng,,,y); the faulted Cu triangléin number of Cu
vacancies and the concerned Cu atoms of this planétoms,ncy; the number of Cu vacancies per unit cell,; the
However, a detailed calculation of the various migration bardength of the Ag triangle edgeisn number of Ag atoms, Aggd;
riers is necessary before concluding on the preponderance 8&pd the number of protruding Ag atoms, fgqing:

a given mechanism.

Nerank Ncy n, Agedge Agprotruding
3 1 2 2 0
D. Introduction of partial dislocation loops 6 3 3 3 0
in the first Cu substrate layer 10 6 4 4 1
We just have seen that the formation of four or five va- 15 10 5 5 3
cancies per unit cell in the first substrate plane, for the 9 21 15 6 6 6

X 9 or 10X 10 superstructures, allows us to avoid the on-top
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TABLE Il. Corrugation of the Ag atoms occupying the different
sites above the Cu stacking fault. The experimental R&d. 20 ,
are given with an uncertainty of 0.05 A . The theoretical values S eanaaen g
are averaged on the various sites, which leads to a dispersion g ;
about+0.10 A SRR

10x10 10x10 9x9 9%x9 (@)
n,=5 n,=4 n,=5 n,=4  Experiment

vertex —054A —-065A —-032A -055A -0.20A
edge -027A -036A -031A -032A -020A
center —0.02A -0.16 A —-0.00A -0.13A -0.00A

Let us recall that such phenomena are obtained for smal © @
vacancies clusters in fcc bulk crysta’ If we now remove _
the remaining surface atoms, theplane with its triangular FIG. 7. Local energy maps in the Aga) and (c)] and Cu[(b)

king fault i rrectlv pr r me the fir and(d)] layers for the 16 10 superstructure, witholita) and (b)]
stacking fault is correctly prepared to become the first SUband with five Cu vacanciggc) and (d)]. The gray scale is chosen

the relation between the number of vacancies forming (hgVeh {at the witeback atoms are the most favoratianfavor
- - . ble ones with the following extreme values: in the Ag layer,
initial Frank loop, the number of effective Cu vacancies and- "_" o1 a\/at andE... = — 2 73 eV/at- and in the Cu layer
Cu atoms in the faulted triangle in the first underlayer after.™""_ _3"/5 /ot an. . = —3.24 eV/at. ’
the giant relaxation of the surface atoms, and the number of ™" ' mae '

Ag atoms in the triangle in the adlayer plane. For this Iatte_rmental line scans, giving the corrugation amplitude along a

quartltthﬁ d'St'thu'Sht thg. aton:s ziil?ovetr;cheAfaultted Cuf M irection parallel to one triangle edé§&Moreover the corru-
angle(which are the protruding atomiom the Ag atoms o gation is more pronounced for the Q0 structure than for

the triangle edges. . L oy s
: . : ! the 9X9 one. Finally, it is worth noticing that a mixing of
With this construction, we see that the fof@ive) Cu va- 9X9 and 1010 superstructures could be consistent with

cancies case corresponds precisely to Ag triangles with edgefﬁ T .
i : . e periodicity given by SXRD experiments, namely, 9.43
four (five) atoms in length and onghreg protruding atom, ><9.£3.2° Morgoser pre)I/iminary simpulations of the in}lplane

Moreover, it unifies the description of the superstructure in, . . .
. . ) . . SXRD reflections using our stablest structures as input reveal
terms of point defects or dislocation loops in the first under- d
layer. Finally, it explains the orientation of the trianglg or avery good agreement. . . . ,
down.) Thus,it allows Us to conclude that a step does not Let us mention that similar dislocation loops in the first
) . . . P substrate layer have also been observed in the Au/Ni
change the orientation of the triangles, whereas the presence 42 . .
. . . system.© However, in that case, the reconstruction of the
of a buried twin parallel to the surface must change it. . : i . .
first Ni substrate layer was associated with the formation of a
dilute Au(Ni) surface alloy, the STM images showing evi-
IV. COMPARISON WITH EXPERIMENTS dence of Ni atoms incorporated in the Au overlayer. Here the
AND LOCAL ANALYSIS STM images presented in Fig(k) for the Ag/Cy111) sys-
A. Comparison with experiments tem do not indicate a similar incorporation of Cu atoms in
) the Ag adlayer, even though one has to be cautious before
_Let us now compare the atozr(r)uc structure of the Ag layeryrawing definite conclusions since the present images both
with the STM image of Fig. )" In Fig. 1(c) we show the  resent smaller areas and have lower resolution than those
10x 10 relaxed structure corresponding to the two mOShptained for Au/N#2 Our study shows that this mechanism

stable situations, i.e., with triangles edged, respectively, by, epjtaxial stress relaxation can be efficient without resort-
four and five atomgobtained by introducing four and five ing to surface alloy formation.

Cu vacancies, respectively, per unit cell in the first substrate
layen. One can see that the agreement with STM images is )
strongly improved with respect to the configuration without B. Local analysis
vacanciegthe Moire structure, Fig. (a)]. Indeed, the hol- A main characteristic of the triangular structure is to ex-
lowed regions associated with the tensile areas of the Moirgibit Ag atoms occupying ternary sites instead of the unfa-
structure have been replaced by deep triangular-shaped reerable on-top sites present in the Mos&ucture. Actually
gions, edged by four or five atoms, with one or three pro-the triangular region is essentially made of a triangular stack-
truding atoms in the center. The same morphology with tri-ing fault surrounded by a partial dislocation loop. Above this
angles and protruding atoms is observed equally for the 3oop, which forms a channel, the Ag adatoms can occupy
X 9 structure. positions in which they are bounded to four neighbors, or
Let us go into more detail in the description of these tri-even five neighbors in the corners. Such an evolution toward
angles. In Table I, we can see that the elevation stronglya more close-packed structure allows one to gain sufficient
differs from one sitgvertex, edge, and cenjeio the other. energy to compensate for the stacking fault energy and the
In particular, the vertices are found deeper than the edgeacancy formation energy. This can be seen in Fig. 7, in
atoms, except for the five-atom-edged triangles in thed9  which we plot the maps indicating the local energy in each
structure. This is in quite good agreement with the experisite for the first two plane&he Ag adlayer and the first Cu
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underlayer before and after the introduction of Cu vacan- stacking fault under the Ag adsorbate layer. The introduction
cies. Indeed, in the Ag adlayer the very unfavorable on-topf the dislocation loop in the substrate has two main conse-
sites are now avoided, whereas new favorable sites appeapences compared to the previously proposed structure with-
corresponding to the fivefold and fourfold positions. Theout Cu vacancies. First, it strongly reduces the extension
situation is more complex in the Cu layer, but it can be seenoward the substrate of the perturbation, characterized by the
that the most unfavorable sites have now been suppressed bgrrugation and the stress induced by the adlayer. Second,
the introduction of vacancies, which is the signature of athe calculated morphology is now in almost perfect agree-
more general release of the stress. ment with the STM images. Let us note that such a disloca-
The pressure map associated with the triangular structurgon loop in the first substrate layer is stabilized without re-
confirms that the introduction of vacancies is an efficientsorting to any Cu-Ag mixing in the deposited adlayer, and
way to relax the stress. This is shown in Fig&)3and 3d). then without formation of a dilute two-dimensional surface
As a main effect the compressive stress is reduced and disdloy.
tributed more uniformly in the first Cu layer. At the atomic ~ We now plan to develop this work along two directions.
level, this stress relief is followed by a significant change inFirst of all, from an experimental point of view, detailed
the corrugation profile of the Cu layers. As can be seen ir5XRD data are now available which could be compared with
Fig. 2, the corrugation is more rapidly damped and its amthe lines simulated from the triangular structure. The analysis
plitude widely lowered, both for the 2010 and 9X9 struc- is currently in progres$® Then, from a theoretical point of
tures. The situation is slightly different for the Ag layer. Its view, it should be interesting to identify the atomic mecha-
corrugation is unchanged for the Q0 periodicity, whereas nisms involved in the creation of the stacking fault. In par-
a significant lowering is observed for thex® superstruc- ticular, this implies quantifing the corresponding activation
ture, at least for the case of four vacancies per unit cell . barriers. Moreover, one can wonder about the influence of
this superstructure on the dissolution process of 1-ML Ag/
V. CONCLUSION AND PERSPECTIVES Cu(111) on the one hand, and on the kinetics of segregation
in Cu(Ag)(111) on the other hand. From this point of view
In this paper, we have studied different ways to relax thehe preliminary STM data of the first dissolution stages are

interfacial stress due to a Strong size mismatch in heteroepi’ery promising, and calculations are in progress thereupon_
taxy for the Ag/Cul1l) system. Whereas the general way to

release the stress is to consider different configurations for
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