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Chemical ordering in the first stages of Co-Pt film growth on Pt„111…

M. De Santis,* R. Baudoing-Savois, P. Dolle, and M. C. Saint-Lager
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The first stages of the growth of PtCCo12C films on Pt~111! were investigatedin situ by x-ray reflectometry
and grazing incidence x-ray diffraction. Co-Pt ultrathin alloys are among the most interesting candidates for
magneto-optic recording media. In this study we show that, at a given substrate temperature, a surface-induced
equilibrium state is established since the very beginning, resulting in a bilayer where Pt segregates on top of a
Co-rich buried layer. The sample obtained by codeposition of about 1 monolayer Pt20Co80 at 520 K was studied
in details. Its structure was solved by quantitative analysis of the intensity distribution of crystal truncation
rods. The outermost plane contains at least 80 at. % Pt, while the buried one is Co rich, with a concentration
that is also close to 80%. No significant Co diffusion in the underlying substrate layers was observed. The
stacking was found fcc in coherent continuation with the substrate. We believe that the growth mechanism
observed here is responsible for clustering in Pt-rich films with perpendicular magnetic anisotropy.

DOI: 10.1103/PhysRevB.66.085412 PACS number~s!: 68.55.2a, 61.10.2i, 75.70.2i, 81.15.Aa
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I. INTRODUCTION

For about 10 yr PtCCo12C alloys have attracted a grea
interest as an alternative to the artificially modulated Pt/
superlattices for the future generation of magneto-optical
cording media.1–4Alloy films exhibit properties analogous t
those of the corresponding multilayers, i.e., large perp
dicular magnetic anisotropy~PMA! and coercivity, Kerr ro-
tation enhancement at blue wavelengths and high resist
to oxidation and corrosion. They have the advantage to
more easily manufactured. This improvement of the m
netic properties with respect to bulk alloys was observ
both for Co-rich and for Pt-rich compositions provided th
the growth is performed in a well-defined temperature ran

The Pt-Co phase diagram exhibitsL12 andL10 order at
about Pt3Co and PtCo composition, respectively,5 with a
transition to disordered fcc above 1000 K~1100 K! for Pt3Co
~PtCo!. A L12 phase was also predicted for PtCo3 .6 Both
L12 and L10 phases yield the same composition for all t
~111! planes. A martensitic transition from fcc to~disordered!
hcp is observed below 650 K for a Co content greater t
85 at. %.

Harpet al.3 produced PtCo3 thin hcp films by coevapora
tion on ~0001! sapphire. These films are~0001! oriented and
show a new phase with chemical modulation along the gr
ing direction. The best samples were obtained by keeping
substrate between 600 and 650 K during evaporation,
partial long-range order~LRO! was observed for films pro
duced at temperatures as low as 500 K. These films exhib
PMA that was correlated to LRO and was explained by
presence of ‘‘inner interfaces’’ in a similar way as in Co/
multilayers. Similar results were also obtained by Ma
et al.7

The explanation of the magnetic properties of Pt-r
films and their correlation with the atomic structure is mo
problematic. Pt75Co25(111) fcc films, grown in the same
temperature range as Co-rich films, show a large magn
anisotropy1 and an increase in the Curie temperature and
the magnetization,8,9 but no new phase was observed in co
0163-1829/2002/66~8!/085412~7!/$20.00 66 0854
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trast to the case of PtCo3 . It was only established that th
appearance in these films ofL12 ordering reduces the Curi
temperature to the value expected of the corresponding
alloy. The improvement of the magnetic properties was
plained by Co clustering.8 It is well known that
PtCCo12C(111) bulk alloys show Pt segregation at the s
face and an oscillating Pt concentration profile in the und
lying layers.10–12It was therefore suggested that Co platel
form as a surface-driven-growth effect in Pt-rich films duri
codeposition.9 A surface equilibrium state induced by Pt se
regation would be trapped in the film during growth. Tw
different extended x-ray-absorption fine structure studies
Pt;75Co;25 films, grown at 570 and 690 K, respectivel
were performed to investigate the local chemical order.
the first one a very small anisotropy was found.13 On the
opposite, in the second experiment14 the distribution of first
neighbors was found to be significantly different for atom
lying in the same layer or in the adjacent ones. The resul
picture was a preference for homoatomic pairs in the~111!
plane, balanced with preferential heteroatomic pairs ou
the plane.

In this paper we discuss the first stages of the growth
PtCCo12C /Pt(111) films. Section II is devoted to experime
tal details. In Sec. III the x-ray reflectivity measured duri
the growth is discussed. In Sec. IV, we solve the structure
a film, obtained by codeposition at 520 K of about 1 mon
layer ~ML ! of alloy with a nominal composition of Pt20Co80,
by means of quantitative analysis of surface x-ray diffract
~SXRD! data.

II. EXPERIMENT

The measurements were carried out on the surface x
diffraction setup of the BM32 beam line15 at the European
Synchrotron radiation facility~ESRF!. It consists of an UHV
chamber mounted on az-axis diffractometer.16

The Pt~111! crystal (mosaicity,0.05°,miscut,0.2°) was
previously annealed in about 1026 mbar O2 to eliminate car-
bon. It was then cleaned by repeated cycles of Ar1 sputtering
©2002 The American Physical Society12-1



w

rit
s

-

w
o
ity
s

f a
f
e
n
s

on
-

to

a
n

re

r
an

pe

th

t
o
la

a

f 1

e
ug

t

u

L
re
ea-

at

at
i-

er
red

ro-
rich
xi-
er
x-
ex-

v-
ce

e is
ese
f the
in

l-
la

g

De SANTIS, BAUDOING-SAVOIS, DOLLE, AND SAINT-LAGER PHYSICAL REVIEW B66, 085412 ~2002!
and annealing at about 1100 K. Sample cleanliness
checked by Auger spectroscopy.

Cobalt and platinum were coevaporated from high-pu
rods by electron bombardment. The base pressure wa
310210 mbar, rising up to 4310210 mbar during evapora
tion. Films with the nominal composition Pt20Co80 were
evaporated at rates of 0.025 and 0.160.02 ML/min for Pt
and Co, respectively. For the other samples, the Co rate
adjusted to the desired composition, the Pt rate being c
stant. The Pt rate was derived from the x-ray reflectiv
during Pt/Pt~111! growth at 510 K. This temperature wa
chosen to ensure a layer-by-layer growth mode.17 The Co
evaporation was calibrated by studying the reflectivity o
‘‘thick’’ Pt 20Co80 film codeposited at 540 K. The period o
Kiessig fringes gave a thickness of 13 ML. It was assum
that bulk diffusion is negligible at this temperature, as co
firmed in the following. This is consistent with previou
measurements showing the onset of bulk diffusion bey
650 K for Co/Pt~111! ultrathin films deposited at room tem
perature~RT!.18

The measurements were carried out at 18 keV pho
energy, except for the data of Fig. 1 curveB and Fig. 3 taken
at 11 keV. Off-specular diffraction rods were measured
grazing incidence~1.74°!. A hexagonal unit cell was take
for the Pt~111! crystal with a and b vectors in the surface
plane andc perpendicular to it. The interlayer spacings a
dPt52.266 Å anddCo52.03 Å for bulk Pt~111! and bulk
Co~0001!, respectively, withucu53dPt. The hexagonal indi-
ces readH5(k2h)/2, K5( l 2k)/2, andL5h1k1 l , where
h, k, andl are the cubic ones~see Ref. 19!. In the reciprocal
space, Bragg conditions occur with a periodicityDL53
along the crystal truncation rods, which are perpendicula
the surface. During deposition, data were collected in
tiphase conditions~L about 1.5 on the specular rod! to maxi-
mize the surface sensitivity.

The data reduction and the structural analysis were
formed using the ‘‘ANA-ROD’’ package,20,21 written by Vlieg.
The ~HKL! intensities were measured by scanning
sample azimuth~the polar angle for the specular rod!. The
data were integrated after background subtraction, and
structure factors were then calculated by applying the L
entz correction and the correction factors for the beam po
ization and the illuminated area of the sample.22 The same
scale factor was applied to all rods.

The anomalous correction for the Pt scattering factor w
included in the data analysis~f Pt8 522.2 electrons at 18
keV!.23

III. X-RAY REFLECTIVITY DURING THE GROWTH

In a layer-by-layer growth of Pt/Pt~111!, the specular re-
flectivity in antiphase conditions oscillates with a period o
ML.24 Curve A of Fig. 1 illustrates the measurements~at L
51.52! used for the calibration of the source. The observ
decrease between the values at 0 and 1 ML is due to ro
ness. Following Robinson,25 we find thatb50.14, whereb
describes the surface roughness with respect to the bulk
mination.

CurveB represents the reflectivity, measured in a previo
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experiment, during the growth of Co/Pt~111! at RT.18 In this
case the first maximum is obtained after 2-M
deposition.26,24 Its intensity is reduced compared to the ba
substrate, which is also due to surface roughness. This m
surement and those discussed later on were performedL
51.6. This choice corresponds to a scattering vectorq,
which satisfies the relationshipqd5p for an interlayer dis-
tanced of 2.12 Å, approximately at mid-distance betweendPt

anddCo.
CurveC shows the reflectivity during the codeposition

540 K of 13 ML of a surface alloy with a nominal compos
tion Pt20Co80 ~only shown here up to 2.5 ML!. The growth
looks very different from the simple quasi layer-by-lay
mode. The most striking feature is the strong peak cente
at about 1 ML (1.1560.2 ML). At the maximum, the dif-
fracted intensity increases by a factor ofR53.15 compared
to the clean substrate. A bilayer growth is the simplest p
cess to explain this behavior. The top layer should be Pt
and the underlying one Co rich. In this framework, the ma
mum occurs at the completion of the bilayer. This bilay
growth is promoted by an interlayer transport and/or e
change mechanism, which involves substrate atoms. The
traction of the layer-by-layer composition from the reflecti
ity in antiphase requires the knowledge of the surfa
roughness. We suppose in the following that the surfac
flat and that the interface with the substrate is sharp. Th
hypotheses about the thickness and the abruptness o
surface layer will be confirmed by the structural analysis
the following section. The reflectivity of the full bilayer ca
culated atL51.6 is a simple generalization of the formu
given in Ref. 24. We obtain

FIG. 1. X-ray reflectivity close to antiphase condition durin
deposition.A: Pt/Pt~111! at 510 K.B: Co/Pt~111! at RT. C: 13 ML
Pt20Co80 at 540 K~only shown up to 2.5 ML!. D: simulation in the
framework of model~c! ~see Fig. 2!. E: 1 ML Pt20Co80 at 520 K~the
evaporator shutters were closed after 8.5 min!. The intensity was
measured atL51.52 for homoepitaxy and atL51.6 in the other
cases. It is normalized to the clean substrate reflectivity.
2-2
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R5U11
~C22C1!~ f Pt2 f Co!

FPt
U2

.

Here FPt5 f Pt/(12e2 iqdPt) is the substrate structure facto
f Pt ( f Co) is the Pt~Co! atomic scattering factor,27 C2 is the Pt
fraction in the top layer, andC1 that one in the underlying
layer ~see Fig. 5!. This relationship is obtained with inter
layer distances of 2.12 Å~close to the optimum values o
Table I!. The intensity is normalized to the clean substr
one. Inserting the experimental valueR53.15, we findC2
2C150.6. The situation is thus the following:~1! We have
codeposited about 1 ML (Pt20Co80); ~2! A two-layer-thick
film has grown, as shown by the increase in the reflectivity
antiphase;~3! Layer 2 ~the outermost one! is Pt rich (C2
2C150.6); and~4! Layer 1 ~at the interface! is Co rich.
Since only 0.2 ML Pt were evaporated, Pt atoms presen
the top layer are coming mainly from the substrate. T
means that exchange occurs between the deposited a
and those of the substrate top layer.

In Fig. 2 we sketch three simple growth models:

~a! A bilayer formed on top of the substrate with Pt from
‘‘inner source.’’

FIG. 2. Models of bilayer growth.~a! on top of the surface,~b!
with the appearance of pits,~c! by exchange with substrate Pt a
oms.
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~b! Pt/Co islands resulting from Pt substrate atoms mov
on top of adatoms, and leaving pits in the surface.
~c! Co atoms directly incorporated in the substrate layer
exchange with Pt atoms that form an adlayer.

Model ~a! would result in a continuous increase of th
intensity diffracted in antiphase. Model~b! would give quite
rough a surface, with a quick decrease of the intensity: thi
in clear contradiction with Fig. 1. Model~c! corresponds
quite well to the experimental intensity, which decreases fi
and then increases. This latter model is shown as curveD in
Fig. 1. However, in a subsequent experiment performed
der similar conditions, the minimum in curveC was less
pronounced. The reflectivity was hence in between wha
expected for models~a! and ~c!. It looks like these two
growth mechanisms can coexist in some cases, their we
depending either on the deposition rate or on less contro
parameters such as step density, surface defects, and flu
tions in the substrate temperature.

Pt segregation at 540 K was observed for a large rang
flux compositions. Even for pure Co evaporation the refl
tivity reaches a similar intensity (R;3.1) at about the same
Co amount~curve A in Fig. 3!. It can be inferred that the
initial growth for pure Co leads to a similar bilayer.

For Pt75Co25 the first oscillation is much less pronounce
yielding C22C1;0.11 ML. Then the growth turns to an a
most perfect layer-by-layer mode. The small decrease of
oscillation amplitude denotes both a sharp interface and a
surface, which means that diffusion of Co into the bulk
unlikely under these growth conditions.

IV. BILAYER STRUCTURE

As it is well known,25 a semi-infinite crystal gives rise to
a characteristic x-ray diffraction intensity distribution vers
the momentum transfer perpendicular to the surface, whic

FIG. 3. Reflectivity during deposition at 540 K of Co/Pt~111!
~curve A! and Pt75Co25 Pt(111) ~curve B!. It was measured atL
51.6 andL51.52, respectively~missing points correspond to x-ra
shutter closures!.
2-3
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called crystal truncation rod~CTR!. In both directions paral-
lel to the surface, sharp peaks are observed, when the
plane Bragg conditions are fulfilled. A film in coherent ep
taxy modifies the intensity distribution along the CTR’s.
full surface structure determination requires the measurem
of the diffracted intensity along several CTR’s.

A fresh film was grown with the nominal compositio
Pt20Co80 as for C ~Fig. 1! but evaporation was stopped ju
before the bilayer completion~Fig. 1 curveE, T5520 K in-
stead of 540 K!. Data were collected at RT for structur
analysis. No additional surface rods were observed by s
ning the in-plane component of the scattering vectorq,
which indicates that the Co atoms are in site.

The ~10!, ~01!, and ~11! CTR’s, their respective equiva

lents (1̄1), (11̄), and (1̄1̄), and the~00! rod were measured
A total of 294 reflections were collected, 177 of which bei
nonequivalent. The average agreement factor of the
equivalent ones was quite good («50.031). The data are
plotted in Figs. 4~a!, 4~b!, and 4~c!, together with the related
error bars. The (01L) rod was converted into the (10L̄) one
by symmetry.

A sketch of the surface model employed is shown in F
5. It consists of a bilayer on top of the substrate, and it com
out quite intuitively looking at the data. The film thickness
deduced directly from the width of the surface peaks. In
growth of a close-packed arrangement there are three
that can be occupied, and therefore two ways to pile up
atomic plane over the free surface. In our overlayer mo
the stacking follows the bulk fcc sequence~...ABCABC!. In-
deed a twinned fcc domain with stacking ...ABCACBor a
hcp arrangement~...ABCACAor ...ABCABA! would result in
completely different positions of the surface peaks along
~10! rod.

The data were fitted using ax2 minimization.20 We mod-
eled the film as a bilayer in coherent epitaxy, with bulk sta
ing sequence. The positions and the chemical composit
of both atomic planes were optimized. A unique but ani
tropic Debye parameter was introduced, which incorpora
the structural disorder too. The substrate top-layer posi
and its Debye-Waller factor~anisotropic! were also fitted.
Finally we optimized the fraction of film covering the su
face (Sf). The fitted rod profiles are plotted as solid curves
Fig. 4. The final model gives ax2 of 2.8 ~and anR-factor of
0.05!. The best-fit parameters are listed in Table I. The
concentration is 80 at. % in the top layer and 22 at. % in
buried one, in good agreement with the results of the pre
ous section. There is also a good agreement between th
results and the evaporated Co amount. The best fit g
@(12C1)1(12C2)#Sf50.91 ML of Co in the bilayer,
which has to be compared to 0.8560.17 ML of Co evapo-
rated according to the source calibration. Interlayer distan
of 2.11 and 2.10 Å were found ford01 andd12, respectively,
while the in-plane distance is 2.78 Å due to coherent epita
This gives a bond length of 2.64 Å~2.65 Å! between atoms
in layer 2~1! and atoms in layer 1~0!. Here 2, 1 and 0 labe
the top layer, the underlying one, and the substrate outerm
plane, respectively. In theL10 bulk phase, Co atoms hav
eight Pt first neighbors at 2.65 Å and four Co first neighb
08541
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at 2.70 Å,28 a difference that comes from the tetragonal d
tortion. In the sample under study the majority of Co-C
bonds are parallel to the surface plane, while the Co-Pt o
are mainly oriented out of plane, a consequence of
chemical profile. The volume per Co atom is increased co
pared to bulk PtCo, the difference coming from the substra
induced strain.

Co diffusion in layer 0 was considered. The best fit gav

FIG. 4. Experimental structure factors~with error bars! and best
fit ~full lines! along the~0 0! rod ~a!, the~1 0! rod ~b!, and the~1 1!
rod ~c!.

FIG. 5. Sketch of the bilayer model structure.
2-4
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TABLE I. Best-fit values for the;1 ML Pt20Co80 film. In brackets the result with vacancies i
the top layer.

n dn21,n ~Å! On ~Pt! Cn ~Pt! ūx ,ūy ~Å! ūz ~Å! Sf

Bulk 2.266 0.063 0.063
0 2.30060.001 1 0.9860.02 0.08460.003 0.09060.004
1 2.10860.005 1 0.2260.01 0.08260.004 0.11660.003 0.9360.005
2 2.10060.005 1 0.8060.02 0.08260.004 0.11660.003

(0.9360.07) (0.960.1)
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negligible Co content in this layer~9862 at. % Pt!. A small
relaxation of thed21,0 distance~10.03 Å! and an increase o
the Debye-Waller in layer 0 were found with respect to the
bulk values. Since the bilayer has mixed composition, bu
ling is expected. It was taken into account indirectly throu
an effective out of plane Debye factor in layers 1 and
Finally, a very good agreement was reached between
fitted Sf ~0.93! and the ratiotd /tM50.92, weretd is the
deposition time andtM the time after which a maximum i
observed in Fig. 1, curveC.

Up to now the surface~layer 2! was considered fully oc-
cupied~with respect to layer 1!. However, it is not possible
to fit separately its occupation (O2) and the Pt concentratio
(C2). When vacancies are considered in the surface laye
increase in its Pt content is obtained. This reaches 100%
whenO250.86, the lowest occupation value consistent w
the measurements. The result of the structural refinem
would therefore beO250.9360.07, C250.960.1. How-
ever, for a pure Pt surface, the filling of the vacancies wo
increase the reflectivity beyond the maximum (R53.15) ob-
served during the deposition of the 13-ML film~Fig. 1, curve
C!.

Simulations were performed for all possible stacking
quences. While the~00! and~11! rods are not sensitive at a
to the stacking and show good agreement whatever
model, only the nontwinned fcc stacking~...ABCABC! fit the
~10! rod data: all other models result in shifts of the surfa
peaks.

Epitaxy follows from the comparison between the spe
lar rod and the other CTR’s. The former is sensitive to
chemical profile along the growth direction, while only r
gions of the films with the same surface mesh of the s
strate give contributions to the~11! and~10! CTR’s. Since all
rods were fitted with the same parameter values, we conc
that the film is in coherent epitaxy with the substrate.

In the histogram of Fig. 6, the comparison between
film under study and the layer-by-layer chemical profile
the surface of Pt-Co~111! bulk alloys with different stoichi-
ometry is plotted. The Pt80Co20(111) and Pt25Co75(111) pro-
files are known from quantitative low-energy electron d
fraction analysis.10,12 The surface structure of the Co-ric
crystal was also solved by SXRD.11 Pt segregates at the su
face of bulk alloys, with an oscillating composition profile
the underlying layers. The amplitude of the oscillation pr
ently found for the bilayer is a little larger than for bulk allo
surfaces which, coupled with the surface strain, may h
important implications for magnetism.
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V. DISCUSSION AND CONCLUSION

Metal films deposited onto metal substrates can giv
rise, depending on the temperature, to interdiffusion limi
to a few layers close to the surface and eventually to m
stable surface alloys during the kinetics of dissolution.29 In
some cases the influence of the surface on the equilibr
state produces phases that are not observed in the bulk
gram, with different magnetic or catalytic properties. Perha
the most interesting feature, at least for magnetism, is
alternated composition in layers parallel to the surface. S
a structure is rarely encountered in alloy films, which a
obtained by annealing a RT deposit. It has been observe
the case of Mn/Pt~111!: a surface-layered Pt/Pt3Mn phase
that has no corresponding bulk phase is obtained by ann
ing at 950 K a film of 10 ML.30 In the case of Co/Pt~111!,
thick films ~about 10 ML! are stable under annealing up
650 K. Above this temperature a Pt-rich bulklike alloy pha
forms, with the same composition for all the~111!
planes.18,31 The interdiffusion starts well below the onset
bulk diffusion32 and seems to be related to Co hcp→fcc mar-
tensitic transition. For the Co-Pt system, a new layered a
phase was only obtained by codeposition of Co-rich films
a heated substrate.3 The mechanism of growth of this phas
is still not completely understood.

We have shown here that codeposition of PtCCo12C films
onto Pt~111! at 540 K results, in the first stages of growth,

FIG. 6. Layer-by-layer composition of the;1 ML Pt20Co80 film
deposited on Pt~111! at 520 K. It is compared with the chemica
profile at the surface of Pt80Co20(111) and Pt25Co75(111).
2-5
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a template layer two atomic planes thick, which is formed
incorporating substrate atoms. The surface is Pt enriched
flux compositions ranging from pure Co to Pt75Co25. We
quantitatively studied the surface obtained after deposition
about 1 ML Pt20Co80. It results in a bilayer with an abrup
interface and a flat surface, which is in coherent epitaxy w
the substrate and follows the same stacking sequence.
data analysis yields a layer-by-layer chemical profi
Pt80Co20/Pt22Co78/Pt(111). Since the actual parameter fitt
in the data analysis is merely a scattering amplitude of e
layer, there is a small uncertainty in the top layer compo
tion: if vacancies are present, the Pt fraction of the occup
sites resulting from the fit is increased. Our findings are c
sistent with the chemical profile observed at the surface
~111! oriented bulk alloys,10,11 which oscillates in composi-
tion over the first three atomic layers. A similar bilayer stru
ture was also found by annealing at 573 K a film of 1 ML
Co/Pt~111!.33

The preference of the deposited metal to be located in
second layer, covered by substrate atoms, was observe
predicted in many systems~Refs. 34 and 35, and reference
cited therein!. Most of them present a strong tendency
phase separation and surface energies favoring the subs
segregation. However, subsurface growth happens also in
case of miscible metals, forming eventually ordered str
tures. Two interesting examples are the Au/Ag~110!
system36,37 and the Pd/Cu~110! one.38 In the last case a Cu
termination on top of an ordered PdCu layer was observe
0.5 ML coverage. This yields the same structure as for
Cu3Pd L12 alloy over the first three atomic planes. The to
layer is formed partly by Cu atoms expelled during alloyin
partly by substrate material supplied from steps and terra
This results in a very rough morphology@model ~b! in Sec.
III #.

Alloying in the surface layer was also recently observ
for submonolayer growth of Ni on vicinal Pt~111!.39 Al-
though Ni atoms are incorporated preferentially at step si
a few exchange processes on terraces take place even a
n
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temperature~150 K!. The absence of stacking faults and t
nucleation of Pt islands attached to the step edges indi
that Ni atoms expel Pt atoms from the surface layer. T
growth mode via substitution of substrate top layer ato
with the evaporant ones is similar to our observation@model
~c! in Sec. III#. For submonolayer Co/Pt~111! films deposited
at room temperature a small amount of Co atoms incor
rated into the Pt surface was also observed.40 However, in
our experiment most of the surface substrate atoms are
stituted.

We think that the same growth process discussed in
paper is responsible for 2D Co clustering in Pt-rich thi
films deposited at about 600 K. This was proposed to exp
their magnetic properties,8,9 in the absence of a layered cry
tallographic phase. The surface structure described in Se
seems very promising for magnetic studies, and a large P
is expected due to its layered and strained structure, an
the sharpness of its interfaces. A large enhancement in
polar magneto-optical Kerr effect~MOKE! has already been
observed in two similar artificial structures.~a! An ultrathin
Co wedge grown on Pt~111! and capped with a Pt overlaye
showed a thickness-dependent PMA, with a peak in the
ercivity at 1.5 ML Co.41 In this case the growth at RT shou
result in a quite rough interface, which is a drawback sin
roughness plays a crucial role with respect to the hyster
properties of ferromagnetic ultrathin films.42 ~b! The second
sample was 1 ML Co/Pt~111! annealed at about 710 K.43 In
this case the enhancement in the Kerr signal was expla
with the formation of a Co-Pt alloy, but a full structura
analysis was missing. Recently MOKE measurements on
Pt~111! films of thickness 1 and 2 ML, deposited at 540
were performed. They showed square and large hyste
loops.44
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