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Initial stages of growth of Fe on CyAu(001) at low temperature:
Formation of two-layer-thick islands
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A He diffraction study on the initial stages of growth of Fe onz&u(001) at 140 K is presented. The
measurements provide evidence of a nonconventional growth mode. Indeed, the analysis of rocking curves,
carried out through two independent methods, gives clear evidence of the formation of small islands that
present a singular height=3.18+ 0.05 A, typical of a bilayer structure. As growth proceeds the mean distance
between bilayer islands remains essentially constar?5 A) until coalescence. At coalescence of the first
bilayer, growth evolves through nucleation of the third layer. Experimental data rule out interface disruption at
deposition. A possible connection of the bilayer growth with recent studies on the influence of electron
confinement on the growth morphology is proposed. Thermal treatments significantly affect the morphology of
bilayer islands. In particular, annealing at room temperature induces an aggregation of islands. After annealing
at 400 K a striking reassembling of the islands, which become three layers thick, is observed.

I. INTRODUCTION This observation is, in our opinion, rather interesting for sev-
eral reasons.

It is well established that the structural and morphological Bilayer-island growth seems hardly explainable in terms
stability of ultrathin heteroepitaxial films is strongly depen- of strain-related concepts only. It rather recalls the influence
dent on the strain induced by lattice mismatcBtrained  Of electron confinement effects in structural stabilizafloh.
films may have magnetic properties that differ significantlyA possible interplay between strain and electron confinement
from those of bulk phasdsnd are therefore most interesting &ffects has been suggested recenalgd experimental find-

from a fundamental point of view and also potentially ap-NgS such as those reported in this paper may trigger a dis-
pealing for technological innovation. cussion on such a stimulating point. Further, the observation

In this respect, the Fe/GAu(001) system has recently of Fe “particles” of nanometric size on the surface might be
attracted considerable attention as a case study in the field 8’f° sely related to the absence of hysteretic behavior reported

the magnetic properties of tetragonally strained states of! magneto-optic experiments previously performed on this
system at submonolayer coverde.

Iron. Preylous stgd|es on this system mostly focused onl The paper is organized as follows. In Sec. Il a brief ac-
the propert_les of films grown a_t room temperatyFer). count of experimental conditions and procedures is reported.
Thgse studies report_a scenario in which structural, morphQzegits are presented in Sec. Il and discussed in Sec. IV.
Ioglc_al, 7and _magnt_'-zt]c prqpernes show a complex m”tuaboncluding remarks are reported in Sec. V.
relation. Fe intermixing with substrate atoms, notably Au,
seems to affect the growth morphology and magnetic prop-
erties of RT filmé. A chemically sharp interface was ob-
tained instead for deposition at lower temperatu@sund Details of the multitechnique experimental apparatus and
150 K). Nevertheless, even in the case of low temperaturé¢he substrate characterization can be found in Ref. 11 and
deposition, the experimental analysis was then mainly carRefs. 12—14, respectively.
ried out after annealing at RT and little information was In brief, the CyAu(001) surface was been prepared by
given on as-deposited films. Taking into account that therma$puttering and annealing cycles accurately monitored by He
treatments, even if mild, can significantly change the mordiffraction (HeD), low energy ion scatteringLEIS), and
phology(and the magnetic propertjesf ultrathin films® fur-  angle-resolved ultraviolet photoemission. The clean surface
ther investigation of the physical properties of metastableat 140 K exhibits a sharp(2x2) diffraction patterrt
films just after deposition at low temperature seems highlyThis pattern is representative of the Cu-Au termination of the
desirable. so-calledL1, bulk structure. Au and Cu atoms occupy the
In this paper we present results on the growth at lowcorners and the center of the surface conventional square cell
temperature (LT, 140 K) of Fe on a well defined (of sideag,,=3.75 A), to give, on the average, a 50% Cu—
CusAu(001) substrate. We focused our attention on very ini-50% Au compositiot® From the morphological point of
tial stages of growth where information from previous work view, the surface is experienced by the helium atom probe as
was scarce. Our He scattering experiment in the submongredominantly made of terraces a few hundred angstroms
layer range gives a clear evidence of a nonconventionalide, separated by biatomic stefsp agreement with pre-
growth mode that involves the formation of small, flat iron vious determinationt’
islands with a preferential height typical of a bilayer stack. Films were grown afl4.,=140 K. Fe was evaporated

II. EXPERIMENT

0163-1829/2000/629)/131218)/$15.00 PRB 62 13121 ©2000 The American Physical Society



13122 CANEPA, CANTINI, MANNORI, TERRENI, AND MATTERA PRB 62

. .
®e B
[ ]
6r e ® ® ®e
0.1¢ ° .
® ° o
S 4t oo ®
0.01¢ 6 °
) . .
= o
1E-3} > 21, o g
) ) ! ! N 0|
0100 200 300 400 500 a R
Deposition time (sec) ﬁ 0 s ' ' '
FIG. 1. Intensity of He reflectivity measured during deposition 8 o A
of Fe on C4Au(001) at 140 K. The zero of the time scale identifies (= K
the shutter opening. The reflectivity is normalized to its value prior — o ° ..
to deposition (j). 10+ 2 o ©
0 &> o °
from an electron bombardment source. Héave vector [ 00 05 10 15 20 L o o©
ki=5.87 A~1, Ak/k=1% full width at half maximum, ki- > o e 0 o ®o
netic energyE=17.9 meV} was employed to monitor the 5L PO e % o «
film growth and to study the morphology of deposited e o 0..
films.!’ . °
Film deposition was controlled in real time by recording I ° ®e
the intensityl of the specularly reflected He bedin brief, o0 %
HeRyep) . As in electron scattering experiments, HeRpat- 0l— L . L . L - -
terns are useful for extracting information on growth re- 04 0.6 0.8 1.0
gimes. Regular, well defined oscillations are usually consid-
ered as a fingerprint of layer-by-layer growth. Indeed, as far COS in

as He scattering is concerned, this situation is mostly en-
countered in gomoepltaxgl s_ystelrﬁsor in surfactant- FIG. 2. He reflectivity measured as a function of the incidence
assisted growtfy’ In heteroepitaxial growth, HeR, patterns angle of the beartrocking curves The curves were measured after

are generally more complex and their interpretation les$aying stopped deposition &) the first minimum andB) the first
straightforward® ?* Nevertheless, in less favorable caseSmaximum of the deposition curve of Fig. 1. In the insets the posi-

also, HeRg, patterns remain very useful as they allow ations of maxima and minima of the rocking curves are reported in

calibration of the deposition and a first qualitative insightann vs S,/2# plot (circles. The lines represent the best fit accord-

into growth regimes. ing to Eq.(2) (see text for further details of the values of fit param-
In the present experiment, taking advantage of our previeters.

ous experience on the Fe/Ag system, we measured, HeR

several angles of incidencey;) of the He beam larger than will concentrate our attention on films obtained after having

50° due to experimental constraints. In Fig. 1 the FgR stopped deposition at the first minimum-0.5 LE) and at

curve obtained aty;=67° is presented. The deposition the first maximum ¢1 LE) of the deposition curve of Fig.

curves, independently of;, are mainly characterized by a 1. The analysis of data carried out in the next sections will

strong damping indicative of a rapid accumulation of defectssubstantially confirm the first calibration of the exposure.

at the surface of the film. In Fig. 1, only a few weak yet well Indeed, as growth initially proceeds through formation of

defined oscillations are superimposed on the damped regimbilayer islands, 0.5 LE will be found to correspond to a bi-

The detailed position and shape of the oscillations present layer surface coverage of0.25.

complex dependence oy, as found in other heteroepitaxy

experimentg®?? Qualitatively, the ensemble of deposition L. RESULTS

curves is representative of a rather complex mode of growth, '

in good agreement with a previous medium energy electron In order to get more quantitative information on the

diffraction experimenf.Nevertheless, the extreme reproduc-growth mode we have studied the vertical terrace morphol-

ibility of the curve of Fig. 1 verified over a great number of ogy of films, which is directly reflected in the *“rocking

depositions gives us confidence that the same physical sysurve” I(S,), i.e., the dependence of the helium specular

tem is obtained upon stopping evaporation at the same poimtensity on the perpendicular momentum transf®y

of the curve and allows a first estimate of the exposure. In=2k; cosy,. Figure 2 shows thé(S,) curves measured on

this respect, we have assumed the average spacing betwegy) 0.5 and(B) 1 LE films. Both curves present well defined

the maxima(or minima of Fig. 1 to be representative of the intensity oscillations related to interference paths of the He

deposition of one layer equivalefit LE). In this work we  wave scattered from differently exposed levels. According to
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kinematic theory, the angular positions of maxinainima) B $
should occur at cog satisfying the condition N

;L x 10 -

S,h=2hk; cosy;=2nr, (1) Jw ALY

yvhereh is the spacing between I_evels and_nteger (half %»0_ ..;....../ | \"‘."
intege) corresponds to constructiv@estructive interfer- g
ence. In principle, deviations from the formuld) can be S2ra :
expected in the case of heteroepitaxial systems, due to the .
presence of scatterers of different atomic nature. Yet devia- 1l i
tions from Eq.(1) have been reported also in homoepitaxial *
systems, ascribed to the local strength of the He-surface in-
teraction potential related to the presence of many small ot J\-""'/ \‘
islands?®1’ A simple attempt to account for such deviations -2 -1 }(3 1
can be made by introduction of a phase skiftn Eq. (1): Si(1/A)

FIG. 3. Diffraction patterns obtained after stopping deposition at
Sh=2nz+¢(ki,v). (2 (A) the first minimum andB) the first maximum of the deposition
curve of Fig. 1. The profiles were measured in antiphase conditions,
If in a first-order approximationp is assumed to be a at 140 K.
constant, a linear fit of the positions of maxima and minima
of the rocking curves in an vs S,/27 plot can provide an

estimate of the height and an indication of theb/2m cor-  isotropic island distribution. These findings force us to assign
rection, treated as free parametarsis S,/27 plots are pre- e resultingA (~25 A) to the average distance between

sented in the insets of Fig. 2. A satisfactory fit was obtaineds|angs, This assignment is consistent with a model where,
giving hgs=3.12£0.05 A , ¢52m=0.05:0.05 andh; after an initial nucleation stage and until coalescence, the

— LT —
=3.17+0.02 A, ¢1'/2m=0.02+0.02. number density of islands remains approximately constant

Similar values ofh"' ‘E‘pd_ ¢*'/2m are thus obtained for hile the island size increasds.Considering the island-
both films. The value oh™", if compared with the interlayer iang separation extracted from diffraction patterns, a first,
spacing of both unstrained and strained Fe structwe®h oo tive estimate of the mean island size as a function of
’raz\;\ngeé between 1.435 and-1.80 A) and of CuAu (1.875 coverage can be deduced using a simple picture in which

), s#ggests that the islands are two layers thick. The Valuet%vo-layer-thick square islands nucleate and expand around
of ¢-~'/2r turn out to be small, in contrast to what was foundthe corners of a square grid. Fratr25 A, the island size
on other epitaxial systenfs;this result instills some confi- ums out to rande from. 8 A.at 05 LE t0;12 AatllE
dence in the use of kinematic approximations disregardiné In order to cf?eck the stability 'Of the deposit against t.em-

any phase correction. o . .
In Fig. 2 the average specular intensity as a function oferature variations, we investigated the morphology of the 1

cosy, 1(S,), increasegFig. 2(@): 0.5 LE] or remains prac- LE film after mild annealing. Rocking curves taken upon
tically constanfFig. 2(b); 1 LE]. This observation is in strik- annealing at RT and 400 K are presented in the upper and
ing contrast with the decrease bfS,) expected from the Ipwer panel of Fig. 4, respecnvely. Re_presentatwe spot pro-
Debye-Waller effect and its exploration requires a quantitafiles, measured under antiphase conditions, are shown in the
tive analysis which will be reported in the next section. ~ top panelRT) and in the lower pangk00 K) of Fig. 5, to be

The analysis of He reflectivity as a function of the parallelcompared with the patterns of Fig(ls.

momentum transfe(S) can provide statistical information The fit of the positions of maxima and minima of the
on the distribution of islands on the surfédn Fig. 3 dif-  rocking curve of Fig. 4upper panglthrough Eq.(2) pro-
fraction patterns taken along t(801) substrate azimuth un- Vides an island heighhf'=3.40+0.05 A with a phase
der the antiphase interference condition (g6s0.77) are  ¢5'/2w=0.27+0.05. A comparison of the upper panel of
reported for(A) 0.5 and(B) 1 LE films. In panel A, a well  Fig. 5 with Fig. 3B) shows that satellites come closer to the

defined small peak af=—1.68 A~ is detected at the specular peak;~0.15 A~?) indicating an increase of the
position of the superlattice diffraction peak of thé2x2) mean separation of islands\ (-40 A) and resulting in an
structure typical of the GAuU(001) substrate; its intensity estimated island size of 20 A.

decreases with increasing coverage but the peak is still vis- Annealing at 400 K produces striking changes, as is im-
ible at 1 LE. Considering the exclusive sensitivity of HeD to mediately obvious on looking at the increased number of
the topmost layer, this peak seems to derive from portions ahtensity oscillations of the rocking curve in the lower panel
the substrate that are not covered by iron. The broad shoubf Fig. 4. The period of the oscillations observed in the pat-
ders at the sides of the specular peak provide information otern, through Eq(2), indicates a larger value of the island
the length scale\ of the island-island separation or of the heighth$® ¥=5.37+0.04 A accompanied by a quite large
island size distribution$?° The S position of the “satel-  value of 7% “/27=0.43+0.05. In the spot profile of Fig.
lites” (~0.25 A~1) turns out to be practically independent 5(B) the satellites of the specular peak are no longer re-
of coverage in the 0.5-1 LE range; further, diffraction pat-solved. Taking into account the diffractometer resolution, an
terns sampled along other azimuthal directions suggest asland separation of at least 60—-70 A can be estimated.
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FIG. 5. Diffraction patterns measured after having stopped LT
deposition at the first maximum of the deposition curve of Fig. 1
and after subsequent annealing to 300t&p panel and 400 K
(lower pane).

exhibits a behavior that is opposite to what is expected from
the Debye-Waller effect and cannot be accounted for by Eq.
(3), independently of the number of levels considered in the

model. The origin of such unusual patterns can be under-
stood through the introduction of shadowing effectin a
semiclassical view, tall islands prevent the He incoming
wave at grazing incidence from reaching the substrate; in the
same way, an outgoing wave with grazikgrector will not
reach the detector.

For a two-level system the shadowing effect can be intro-
duced by assuming that only a fraction of the lower level,
say 63 , contributes to the scattering amplitude, so that Eq.

(3) is modified as follows:
FIG. 4. Rocking curves measured after having stopped LT depo-

sition at the first maximum of the deposition curve of Fig. 1 and| =Aexd—aS§]
after subsequent annealing to 300(tidp panel and 400 K(lower
pane). In the insets the positions of maxima and minima of the
rocking curves are reported in arvs S,/27 plot (circles. The lines
represent the best fit according to Eg).
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Each island of heighh shadows the substrate either for the
incoming or the outgoing wave so that the shadowed area
Agn can be expressed by

IV. DISCUSSION
A. Surface vertical morphology

For a two-level system of terraces separated by steps of
heighth, 6, and 6, being the coverages of level(Substratg _ _ _ i
and level 1(islands, respectively, the specular intensity can Wheres is the size of the island perpendicular to thez
be expressed as scattering plane and tari =k, /k,. Taking into account the
so-called Beeby correctid the incident and outgoing wave
vectors near the surface can be expressekl=agk sinvy,0,
—ke) and ki=(ksiny,0ke), respectively, where e
e=/cog y+DIE; then it follows that tany’ =k siny/ke. In

+{exd — a(T)S]IB(S))26,6:[1-cog S} (3)
. ) the previous expressior3 is the effective well depth of the
In Eq. (3) the first and second term in braces represent th@ya_gyrface interaction potential.

é-like and broad components of the Bragg peak, respec- The shadowed coverage can then be expressed as
tively. A(S)) is the instrumental response of the diffracto-
meter andB(§||) is the Fourier transform of the step-step
correlation function convoluted wim(éﬂ)). Formally, the ) ) ) — ) )
exponential term represents the Debye-Waller attenuation d¥neren is the island density and the mean island size.
the intensity due to thermal vibrations. Equati@ alone is  Finally, the effective coverage of level 0 is

not sufficient to reproduce the experimental data presented in
Fig. 2. The average trend of the intensity at 0.5 and 1 LE

Asn=2shtany’,

1(S)={exd — a(T)SZIA(S [ 65+ 65+ 26,6, cogS;h) 1}

fsh=nAgp=2nshtany’,

0% = 6o— Osp=6,— 2nsh tany’.
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3 particularly true at 0.5 LE, where islands are smaller. Equa-
tions (4) and (3) do not account for the scattering intensity
that is diffused out of the specular direction due to island
edges, random vacancies, or adatoms. However, the param-
eter 65, which removes intensity from the specular direc-
tion too, is partially charged with these diffusion effects.
Therefore scattering of He by island edges leads to the over-
estimation offg;, and it is not surprising that this effect is
more pronounced at 0.5 LE.

Nevertheless, the introduction of the shadowing effect ef-
fectively reproduces the average behavior of the specular in-
tensity and allows us to emphasize the oscillating contribu-
tion related to steps at LT. We therefore remark on two
important findings of our analysis. First, the valuehobb-
tained in the fits turns out not to be correlated with the other
parameters. The fits at 0.5 and 1 LE provide two very close
values forh; it is worth noting that these values are abso-
lutely consistent with those obtained in the much simpler
analysis reported in the previous section. Second, a Fourier
component alone reproduces the data accurately, correspond-
ing to a peaked distribution of the height of islands. Interfer-
ence oscillations related to bilayer islands are detected in
rocking curves up to 1.2 LE; already at1.6 LE the rocking

_ FIG. 6. Comparisqn between experimental rocking curves ofcurve shows an interference pattgmot shown related to
Fig. .2 and the best fit of Eq4) to the data(see text for major monatomic steps inStea[ihli_-g: 1.9+01 A ; ¢§T:0_05
detaily. +0.10 (Ref. 12]. As their size increases, bilayer islands
Equation(4), which describes the two-level system including likely provide a substrate for nucleation of the third level.
the shadowing effect, was then used to fit the experimental AS mentioned above, no phase shifts are observed in the
data at 0.5 LE and 1 LEA, a, 6, x=ns, B/A. andh were rocking curves of F_|g. 2 for the LT 0.5_and 1LE f|_Ims. A .
treated as adjustable parameters. phase shnft occurs instead afteéﬁ??gneallng and, unlike previ-

The comparison between the data at 0.5 LE and the caP4s exper'lmentg on other Syst It gets stronger as the.
culated intensity is reported in Fig(%). The fit provides a average size of islands increases. An important factor driving

satisfactory agreement with the experimental data. The pedpe shifté(ki, ) is the local variation of the well depth,

fit values of the adjustable parameters Ave 46.7 a.u..a which is related to both the different nature of scattefers
B R o — A1 B/A— ' HHLT (Fe on top of the islands, Cu and Au at the substrate Jevel
:2'227'& 'i'haggc?\./i(r)ég;_—oioga ,OBZAi\s_c%ﬁgi’s taennt oe and the small dimensions of the islarfdsAccording to the
—O. . 1— 41+~ Up —VU.

] ! present experimental results, these two factors seem to com-
the value expected at0.5 LE in the case of bilayer growth. ete i the system under investigation leading to an effective

We note that, assuming again a picture of square islands;nceliation of the phase shifts at LT.

(=4

12

Intensity

Ccos ’Yl

~25 A apart, froms=0.09 A"t a value ofs=0;/ns~3 A ~ The analysis of rocking curves illustrated in this section
is obtained, smaller than that derived from the spot profilesubstantially confirms the calibration of the exposure given
analysis of the previous section. in Sec. Il. Nucleated islands of bilayer height cover about

The best fit curve obtained at 1 LE fé&v=20.3 a.u.,a  20% and 50% of the surface at 0.5 LE and 1 LE, respec-
=0.006 &, 6,=0.43,ns=0.06 A%, B/A=0.1, andhi" tively. Further, the rocking curves allow us to reconsider the
=3.19 A is shown as a continuous line in FigB8. The behavior of the HeR., curve of Fig. 1 at the initial stages of
portion of the substrate covered by the islands=1—6, deposition. Let us consider in Fig. 2 the intensity of minima
~0.57, is consistent with the value expected-dt LE inthe ~ (antiphasg At low y; the intensity at 1 LE turns out to be
case of bilayer growth. The value of the raBoA turned out  lower than that at 0.5 LE, as expected in the case of bilayer
lower than for the 0.5 LE film: The surface as a whole ap-growth; at largey; , instead, where the shadowing becomes
pears less rough. Froms=0.06 A~! a value ofs=¢,/ns  MOre and more effective, the intensity at 1 LE beco.mes
~10 A is obtained, only slightly smaller than the value ob- greater. 'I_'herefore, the first maxmurrl of_the deposition
tained from spot profiles. curve, which has b_een_measuredﬁt: 67°, arises from the_

Some further comments on the model are necessary. closure of destructive interference paths due to shadowing.

In the fit, the value ofD has been kept fixed to an effec- SUPSequent maxima in the deposition curve, where mon-
tive value D=8 meV2° Different values ofD lead to the A&tomic steps are observed in rocking curves, rather reflect the

same fit value oh within 0.01 A. However, it must be noted completion of afaulty) layer.

that D, as expected, is correlated to the valuesxoénd of Obviously, a comparison with scanning tunne_lmg micros-

' icul | lue &b lead | | ¢ copy (STM) measurements under similar experimental con-
ns. In particular, a lower value ab leads to lower values of - gitions would be most helpful to confirm our speculations
both « andns. We note that the fit overestimates the prOdUCtand to pro\/ide more detailed information on the actual con-

ns (and therefore the shadowed coveralyg). This seems tours of islands. In this respect it is interesting to consider
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recent STM measurements on this systevith the caution reproduce accurately the positions of maxima and minima of
in mind that a close comparison with our results is notthe rocking curve witth=3.45 A; however the model was
straightforward, because the measurements of Ref. 7 wemill not satisfactory concerning the reproduction of the in-
focused on slightly thicker films and were taken after annealtensity, suggesting that a single value of the step hdight

ing at room temperature. Nevertheless, the STM pictures afio longer sufficient for the annealed film.

the thinnest film investigate@.2 LE deposited at 160 K and As mentioned above, the changes in the rocking curve for
annealed at RTshow the presence of small size islarids the annealing at 400 K are striking. The valuehabbtained
few tens of angstromsof rather regular shape. A layer fill- from a simple analysis of the rocking curve unambiguously
ing of 46%, 88%, and 96% is claimed for the thitdpmost indicates the passage from a bilayer to a trilayer morphology.

level), second, and first layer, respectively. Only 4% of theThe increase of the intensity of both the,QL and (0,0)
substrate remains uncovered. The STM measurements ag&fraction peakgby a factor of 5 if compared to those mea-
therefore Compatible with our bilayer model. In faCt, accord'sured at RT is consistent with a |arger substrate area left
ing to our picture, at 2.2 LE the bilayer islands should essengncovered, which retains the(2x 2) structure of the bare
tially cover the substrat@ote that the first and second layers sypstrate. This observation seems to rule out interface dis-
have a very similar filling in STM dajaand nucleation of the  ryption at deposition and after annealing at 400 K. Therefore,
third layer is already started. Furthermore, a value of 1.9jthough LEIS data obtained at 400 K do not allow us to rule
+0.2 Ais reported in Ref. 7 for the height of the third level, ot a limited degree of segregation of substrate atoms on top
consistent with our value df;."? of the islands, island reassembling seems to be preferentially
related to the position of some iron on top of bilayer islands.
The island reassembling and structural changes might be in-
duced by the relief of the strain energy accumulated upon
Helium diffraction does not give immediate information island aggregation.
on the composition and the “internal” geometric structure of
the bilayer islands. In this respect, it is worth noting that ) _
LEIS measurements indicate that the signal of ions backscat- D. Connection to electronic growth
tered from Au and Cu atoms essentially vanishes~& Regarding metal-on-metal heteroepitaxy, the formation of
LE,*?in good agreement with the layer occupancies detectefglands of bilayer height has been reported in very few cases.
in the STM measurements just mentiorfeahd suggest the A remarkable example is provided by the growth of Co on
absence of intermixing at LT, in agreement with Auger mea-Au(111) (Ref. 31 and Cy111).3? For both systems, single-
surements of Ref. 4. layer islands are only exceptionally observed in real-space
The island heighh found by HeD, if compared with the STM images. For Co on Ai11) the formation of bilayer
edge of the conventional cubic cell of both k@86 A) and  islands, which is claimed to reduce the total strain energy, is
fcc (~3.6 A) iron, indicates a strained structure. The strain isascribed to the largél3%) mismatch between deposit and
not surprising as the in-plane lattice constant of the substrateubstraté! In the case of Co on Gli11), twinned bilayer
(2.65 A) differs significantly from those of bcc and fcc iron islands of triangular shape are observed on all terraces im-
(2.86 A and~2.56 A). It seems therefore interesting to set aged. In this case the mismatch is not large but the presence
up experiments to measure the geometric structure inside thsf twin-related orientation seems to play a role in the growth
islands with more local probes. In this respect an ion backby yielding grain boundaries between Co crystallites.
scattering e'xperimen't is in progress and an x-ray photoelec- Simultaneous growth of the first two layers is claimed
tron scattering experiment is planned. also in the initial stages of growth of Ni on W at R It is
interesting to note that these two materials are excellent can-
didates for forming metallic superlattices with an atomically
abrupt interface. Furthermore, growth of bilayers observed at
The data obtained for the annealed 1 LE film indicate150 K for the Pb/C(111) system only along with well de-
significant changes of the dimensions of the islands. Theined film thicknesse’ was attributed to a quantum size ef-
changes are already appreciable at RT. The position of thgt.
shoulders of the specular pedkg. 5; top panélindicates in A recent study focusing on metal/semiconductor systems
fact an increase of the mean separation of islands ufp to indicates height selection associated with electron confine-
~40 A, presumably related to some island aggregation. Thenent as a factor in structural and morphological stabilization
simple analysis of rocking curves reported in Sec. lll indi-of ultrathin films® Such an “electronic growth” model has
cates a slight vertical expansion of the structures ftogrh  been invoked to explain the formation of bilayer plateaulike
=3.19+0.05 A to hf'=3.40+0.05 A. The presence of a islands, recently demonstrated for the growth of Ag on
sizable phase shift in the rocking curve, however, shouldi(111).2° It is interesting to note that electronic confinement
induce some caution about this result. The valud ofas in  is suggested to play a role also in metal-on-metal heteropi-
fact obtained assuming the phase shift in E.to be con-  taxy[such as Pb on Gu11)], provided that a sharp interface
stant, independent &, ; this approximation is not fully sat- is formed®
isfactory and can introduce a systematic uncertainty, which, In this respect, our experiment provides a clear example
taking advantage of our experience on the Fe/Ag sysfem, of bilayer metal islands grown on a noble metal substrate;
can be estimated to be of the order of & . A more reliable  the presence of monolayer height islands seems statistically
treatment, accounting for a two-level system and arirrelevant as there is no trace of them in rocking curves up to
S,-dependent phase shift as was done in Ref. 23, was able fo6 LE. In addition, we note that in our case the atomic

B. Island structure and composition

C. Island stability versus temperature
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interface seems rather abrupt at low temperature. Finally, it V. CONCLUSIONS
is interesting to observe that Fe and;8u possess a dis- H tteri ts offer insiaht into th |
similar band structure, a condition that is necessary to drive € scatlering measurements ofier insight Into the early
electron confinemerif. In fact, thed bands of iron, concen- stages of growth of Fe on ,@AU(OOD at 140 K. lefractlon
trated close to the Fermi energy, are decoupled fromdthe _measurements provide evidence of the nu_cleatlon of small
bands of CyAu, located below 2 eV of binding energy. islands(a few tens of angstrorﬁ_tsThe experiment was fo-_
Therefore, on the basis of all these considerations it is tempused on the study of the vertical morphology of these is-
ing to invoked-electron confinement as a factor that contrib-!ands, reflected in the “rocking curvel(S,), e.g., the de-
utes to lowering the surface energy in the formation of two-Pendence of the helium specular intensity on the
layer-high islandsin this case as probably also for Co on Cu perpendicular momentum transf&,= 2k; cosy,. Rocking
and Au. curves measured on submonolayer films present in fact
strong intensity oscillations related to interference paths of
E. Connection to magnetic properties the He wave scattered from different exposed levels. The

There is still debate in the literature about the actual struc?nalyS'S of these rocking curves, carried out through two

ture and magnetization of ultrathin Fe films on,8u(001) independent methods, give; clear evidence that nucleat(_ad 'S
as a function of thickness>’ Concerning specifically the lands pr'esent a §|ngular height. Both models' employgd indi-
magnetic measurements, it is interesting to observe that tr@te an |sland.he|ght of the prder of 3.2, Wh'Ch is typical of
two experiments available on the magnetization of films de@ tWo-layer-thick structurebilayer growth). Bilayer growth
posited at LT are in substantial agreement about the onseProceeds up to an exposure of 1.2 LE; already-at6 LE
(~1 LE) of the hysteretic behavior in Kerr measureméffts. the rockmg curve _shpws_ an mterference pattern related to
Above this coverage the film shows a magnetization perperionatomic steps, indicating nucleation of the third layer.
dicular to the surface; the saturation values of the magneti- Bilayer islands are not stable as the temperature is raised.
zation increase linearly up to a critical thicknesswhere a At 1 LE, annealing at RT seems to induce some island ag-
spin reorientation transition takes pla@he magnetization gregation accompanied by a slight expansion of the island
switches in a plane parallel to the surfacéhe values oh height, whereas annealing at 400 K induces an evident ag-
show a clear dependence on the temperature of depositigregation and reassembling of the islands which become
and are somewhat scattered in the different experiments. Urthree layers thick.
der experimental conditions apparently similar to those of We discussed the connection of our results on growth
our experiment, a value of;~3 LE has been reportéd. morphology with the electronic and magnetic properties of
Our results raise an interesting question about the relatiofiims. In this respect, our experiment, providing a clear ex-
between the morphology and the magnetic properties of thgmple of growth of islands with a strongly preferred height,
deposit. The paramagnetic behavior reported in the earligfoyld stimulate investigations of the interplay between strain
stages of growth could in fact be related to the limited size of4nd genuine electronic processes in the stabilization of tran-
islands and/or to their distribution on the surfa€én turn,  sjtion metal films on noble metal substrates. The possible
the onset of the magnetization could be related to thgelation of the limited size of islands with the absence of any
achievement of a threshold in the size of islands, which behysteretic behavior at coverage lower than 1.1 ML, reported
come sufficiently large to sustain ferromagnetic behavior. jn several previous experiments, is a point that deserves fur-
In this respect, and in connection with the notes on electher experimental investigation by a combined analysis with

tronic growth reported above, it seems interesting to not@pin polarized metastable deexcitation spectrostbpnd
that in the case of Co growth on ALL1) also the formation  Kerr effect measurements.

of perpendicular magnetic domains at coverag2 mono-
layers is qualitatively correlated with the observation of the
coalescence of Co islands over large regions at this
coverage’ In the case of growth of Co on Cld1) in con-
trast, bilayer islands do not coalesce at higher coverages and The authors are most grateful to Professor Giovanni
growth evolution results in a granular film; this fact is Boato for stimulating discussions and to A. Gussoni for help-
claimed to explain the difficulty in the detection of antifer- ful technical support. Financial support from MUR8GZrant
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