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Structural and magnetic properties of bcc Co films on Pt(001) studied by magnetic resonant
surface x-ray diffraction, STM, and magneto-optical Kerr effect
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The structure of Co epitaxial films deposited orfORt) has been investigated with scanning tunnelling
microscopy and surface x-ray diffraction. The Co films grow in a layer-by-layer mode up to the highest
examined thicknes$~30 A). Their crystalline structure is a tetragonal distortion of the bcc structure in
pseudomorphic epitaxy with the substrate. It consists of a —1.8% in-plane compressive strain and 5.1% out-
of-plane tensile strain. A similar pseudomorphic structure is also observed in Pt(Q@l)Ptrilayers. The
magnetic properties of the films have been investigated by transverse magneto-optical Kerr effect and
magnetic-resonant surface x-ray diffraction. The films exhibit in-plane magnetic anisotropy easy axes within
the thickness range of 5—30 A. The magnetization curves of Co and interfacial Pt are similar, indicating
ferromagnetic coupling.
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I. INTRODUCTION on a Pt001) single crystal®-??Due to the similarity between
Artificially layered and low dimensionality magnetic sys- the Pt and Pd lattices, which differ by less than 1%, we also

tems are a field where a large research effort has been dorfé@@mpare our results with those of Co{B@l).%-2°
particularly due to their interest for information storage tech-  This paper is organized as the following. In Sec. Il we
nology applications. The field is also very attractive for thedeal with the experimental details. In Sec. Ill the growth and
potential use of these type of systems as magneto-electrongructural properties are presented. Section IV is dedicated to
devices in future technolody® In particular, because of the the magnetic properties. A final discussion and some con-
occurrence of out-of-plane magnetic anisotrdpysystems  cluding remarks are given in Sec. V.
like Co/Pd and Co/PtCo/Au,’ or some related alloys have
been found to well suit the requirements of perpendicular
magneto-optical recording media, which is interesting in Il. EXPERIMENTAL DETAILS
view of achieving large storage densities. It is of practical
importance thati) the preparation of these systems in the The growth of cobalt epitaxial films on top of a recon-
form of multilayers solves the problem of obtaining mag- structed R0O01) single crystal surface has been studied
netic films with a large enough perpendicular magnetic sigsitu by surface x-ray diffraction (SXRD), transverse
nal, as for thickness over about 1—-2 nm there is a transitiomagneto-optical Kerr effegfMOKE) and scanning tunnel-
from perpendicular to in-plane magnetic anisotropy easy diing microscopy (STM) techniques. X-ray and magneto-
rections(the so-called spin reorientation transitjp(ii) films  optical studies have been carried out at the Surface Diffrac-
with perpendicular anisotropy can be prepared by low costion Beamline ID3 of the ESR¥, and STM studies have
production techniques like sputteringjj ) the (111) orienta-  been performed using a commercially available set-up work-
tion is the one that most naturally grow due to its lower freeing at room temperature in the constant current mode. The
surface energy compared to other orientations, but also otheame Pt single crystal has been used in all the measurements.
orientations like the(001) can be obtained depending on For SXRD studies, the Pt crystal lattice was spanned with the
preparation conditions and substrate selectith. tetragonal basig\=A,=2.774 A, andA;=3.923 A. In this
Complementary studies for different surface orientationgvay, the reciprocal space axesand K are in the surface
or substrates, including systems with in-plane magnetic anplane andL is along the surface normalHKL) values are
isotropy as is the case of Co(P01), are important to get a expressed in Pt reciprocal lattice unitsl.u). Two Xx-ray
deeper insight into the different contributions to the magnetiovavelengths were used=1.075 A, corresponding to the Pt
anisotropy. These include interface effects related to roughky, absorption edge energyl1.564 keV, was utilized for
ness, intermixing and electronic coupling between the subthe resonant diffraction experiments to probe the Pt
strate and the film, strain effects due to the lattice misfit andnagnetisn?® and\=0.726 A for the crystallographical stud-
magnetocrystalline contributions associated with the crystakes since it allows us to access larger values in reciprocal
structure of the filmt%1? space. Magnetic measurements were performed by applying
In this work, we report structural and magnetic results ofa magnetic field created by an electromagnet with pole
a growth study of Co ultrathin films on a (B01) single pieces entering the UHV chamber and allowing a maximum
crystal. field of 1400 Oe at the sample. The magnetic field was al-
Our results are discussed in connection with previousvays applied parallel to the surface, which corresponds to
works on(001)-oriented Co/Pt multilayetd8and Co films the vertical direction, i.e., transverse to the polarization of

1098-0121/2004/1Q2)/2244138)/$22.50 224413-1 ©2004 The American Physical Society



VALVIDARES et al. PHYSICAL REVIEW B 70, 224413(2004)

the incoming x-ray beam. Further details of the methodology
for magnetic diffraction measurements are given in previous
work.284550 The magnetic diffraction signals are given in
terms of the asymmetry ratio, R, defined Rg4,K,L)=(l,
—1)/(I;+1)), wherel, andl, stand for the diffracted inten-
sities at(H,K,L) while switching the applied magnetic field.
TMOKE measurements were carried out using a set-up based
on a photoelastic modulator installed on the vacuum cham-
ber. Resonant-magnetic SXRD and TMOKE measurements
could be performed simultaneously in order to investigate
the in-plane transverse component of the induced magnetiza-
tion of the Pt atoms at the interface and of the magnetization
of the Co layer, respectively. Each of the magnetization
cycles was obtained by averaging successive data during
about 15 minutes. Co and Pt layers were deposited using
water-cooled electron bombardment evaporators. The evapo-
ration rates were in the range of 0.05-0.20 ML/min for Co

and ~0.01-0.02 ML/min for Pt(here ML stands for a f - . . ;

05 Pt atoms/cra or ace.showmg in detail .the res.ultllng. arrangement in rows. The ap-
monolayser and corresponds. to k3 . proximated surface unit cell is indicated. The close-to hexagonal
1.6x 10" Co f’;\toms/crﬁ). Durlng. the evaporation and the. local symmetry is manifest in the ins@fy,,=0.002 V;1=30 nA).
study of the films, the pressure in the UHV chamber was in
the 101° mbar range. hexagonal surface layer contains 20% to 25% more Pt atoms

A clean reconstructed @01) surface was obtained after than the squarélx1) surface plane and is energetically
several cycles of Arion sputtering and short annealing treat- favored over thg1x 1) phase by about 0.1 eV/atothAs
ments to 1000—1200 °C. Oxygen treatments consisting ithe CO adsorption energy on the(®1)-(1x 1) surface is
exposures at 2 10" 'mbar for a few minutes at a temperature by about 0.2 eV/atom higher than on th&@l)-hex layer,
of 700 °C were also performed to remove residual surfacgesidual amounts of CO in the UHV chamber lift the
carbon contamination. It was observed that when the surfaceconstructiort®—38 Here, we performed a time-resolved
reconstruction was partially lifted off because of the adsorpSTM study on the surface restructuring during the decay of
tion of residual gas, it could be recovered by a short anneghe Pt001)-hex layer towards thg1Xx1) surface phase
to temperatures between 150 and 400 °C and preserved f0P-o=2-5% 107! mbay. Apart from the intrinsic interest of
many hours. the process, this preliminary study is helpful for posterior

discussion of the growth of the Co layer as, identically, the
deposition of a Co monolayer also removes the surface re-
lll. GROWTH AND STRUCTURAL PROPERTIES construction. It shows that the excess of Pt atoms of the
reconstructed layer may be expected to be present at the
surface in the form of small clusters. Implications for the

Platinum (001)-hexwas the first clean metal surface re- case of a Co layer growth will be discussed in Sec. Il B.
construction to be reported in the surface science literature Figure 2a) shows an overview scan. The(81)-hex
by Hagstromet al?? in 1965 and over the last forty years it |ayer is clearly visible in the form of the characteristic line
has been the object of extensive characterization by LEEDstructure in the middle of the image but already lifted in the
STM, and diffraction technique¥-3*Figure 1 is a high reso- |eft and the right parts of the scan. The excess Pt atoms of the
lution STM image showing the characteristic features of ther001)-hex layer remain on the unreconstructéck 1) sur-
Pt001-hex surface reconstruction. The main feature of thQace in the form of many small Pt islands with an average
hex layer are the characteristic rows of atoms running vertigiameter of about 2—3 nm and monatomic step height. This
cally in the figure. The misfit between the close-packed dicondensation of the excess Pt atoms in little islands is well
rections in the substrate and the reconstructed layer leads tq@own and it was shown that the average Pt island size re-
height modulation: along the rowgertical direction in the  sults from an interplay between surface mobility and the
figure) the corrugation is very small=0.05 A, whereas pair-wise interaction energy between adatoms on nearest-
across the rowghorizontal directionit is much larger, typi-  neighbor site$? Nevertheless, the STM image sequence
cally 0.15-0.30 A. The inset in Fig. 1 shows that a quasishow that the excess Pt atoms form first very long Pt islands
hexagonal symmetry of the nearest neighbor coordinatiopmarked by tilted arrows in Fig.(8)] when the decay of the
sphere exists in the reconstructed layer. The reconstructedconstruction happens within a hex layer domain. This very
surface unit cell depicted in the figure, is usually described irjifferent island morphology most likely results from an an-
the Wood notation b _'\‘115), whereN is found to vary be- isotropic effective diffusion barrier set up by the surrounding
tween 12 and 14 depending on the preparatiorreconstructed hex layer. In this way, excess Pt atoms
details30:31.33.34Ah jnitio studies identified the tensile excess squeezed out of the hex surface are absorbed by the growing
stress of the unreconstructedix 1) surface as the driving island before further critical nuclei for the growth of new
mechanism for the reconstructiéhThe reconstructed quasi- islands are formeé? As the phase transitiohex— (1x 1)
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FIG. 1. STM image of the clean @01)-hex reconstructed sur-

A. Clean reconstructed surface
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ing of coalescing hex domains during the process of the for-
mation of the reconstruction. Figuréc2 shows the situation
of growth stagg?). In contrast to the growth stag#) in Fig.
2(b), the two reconstruction rows between the dotted hex
rows are lifted. The Pt island structure within the hex layer is
about 35 nm longer. Again, a bend of the dotted reconstruc-
tion rows is found at the end of the Pt island struct@eow
2). The distance between the dotted hex rqmslicated by
the black arrowghas increased to 4.5 nm. The third growth
state is imaged in Fig.(d) and the change with respect to
stage(2) is very similar to the difference between growth
states(1) and(2). Again, both hex rows between the dotted
reconstruction rows have decayed. Also, the Pt island struc-
ture length has increased by about other 32 nm, which is a
value very similar to the one found in the former step. At the
end of the Pt island structur@rrow 3, two reconstruction
rows are found again between the distorted hex rows whose
distance is increased by the distortion to about 4.8(Inlack
arrows. The inset highlights the well-evolved registry of the
Pt islands on the Rt X 1) surface. Note the segmented as-
pect of the elongated Pt island structure, exhibiting right
angle breaks in correspondence with the square lattice of the
(1x1) surface. Also, note that the segment length approxi-
mately coincides with that of the reconstruction unit cell,
what seems to indicate that the decay progresses in discrete
unit cell jumps. In this way, it may be concluded that the
lifting of the reconstruction within the hex layer along a
surface “dislocation” line follows a certain periodic behavior,
Ithough the details of the surface restructuring mechanism
remain unclear.

FIG. 2. Sequence of STM images showing details of the deca
process of the surface reconstruction due to adsorption of residu
gas(see the teyt (V=-0.01-0.02 V=30 nA).

was found to nucleate at heterogeneously originated surface
defects®® the decay of the reconstruction within a hex do-
main points to the presence of a linear defect. An analogous The morphology of the film in the early stages of growth
case of nucleation on dislocation lines producing elongateds well represented in the images of Fig$a)33(d). Cobalt
dendritic islands was reported in Co(P11).% grows forming islands elongated along the direction of the
The development of the very long Pt island structuresurface reconstruction columns. This can be seen in the STM
present in the overview scan of Figia® can be followed in  images of Figs. @) and 3b), corresponding to a coverage of
three different growth stages indicated by the horizontal ar~0.20+0.05 ML. The elongated shape is indicative of an
rows (1) to (3). The images in the sequence were taken abou@nisotropic diffusion of the cobalt atoms as a result of a
8 h after the surface preparation and with time intervals belarger surface mobility in the direction parallel to the recon-
tween them of about 80 mifote that the time scale of the struction rows. This may arise from the lower corrugation
surface reconstruction decay was large enough to perforralong the rows than across thesee Fig. 1. Similar evi-
studies of Co films on top of a clean reconstructed sujface dence of anisotropic diffusion on this surface has also been
The starting point of our study is the growth sta@gin Fig. ~ observed for the growth of AgRef. 34 and for the ho-
2(b) [the vertical arrow 1 marks the same island as in Figmoepitaxial growth of P2
2(a) to guide the readgr The reconstruction is still intact In addition to the anisotropic island shape, Figh)3
above the Pt island within the hex layer but, as indicated bylearly shows that these Co islands have very large plateaus
the dotted lines, a curvature of the neighboring reconstrucand corresponding line profilgsot shown indicate a mon-
tion rows is observed. Pairs of black arrows indicate theatomic step height. Only a small second layer coverage is
distance between the dotted reconstruction rows, resulting ipresent, which appears as brighter regions in the islands. It is
values of 3.4 and 3.9 nm for the lower and upper part of thénteresting to note that the Pt hex reconstruction is preserved
reconstruction rows, respectively. As these values are not irin the island surroundings. The picture changes for higher
teger multiples of the hex unit cell length of 1.4 nm along coverage. Figures(8) and 3d) show that for a coverage of
this direction, this experimental finding indicates the pres-~0.6 ML an intermediate situation is found. The surface re-
ence of two domains in the hex layer which are displacedonstruction persists in some regions, while in others the
with respect to each other. A surface “dislocation” is locatedpresence of big cobalt islands lifts the reconstruction in their
between the dotted reconstruction rows running parallel teicinity and produces regions ¢1 X 1) periodicity. From the
them. A possible origin of such a dislocation is an antiphasboundary between the hex atix 1) surface phases, Fig.

B. Growth
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FIG. 5. Evolution of the diffracted x-ray intensity during the
deposition of the Co layer. Curve A: specular intensity0ad 1.05,
probing vertical order; curve B: diffracted intensity @t 1 1.05,
probing both vertical and in-plane ordéNote the short arrow in-
dicating the absence of data during the time required for the manual
opening of the evaporator shutter and to perform the experimental
x-ray hutch interlock safety routine. The dashed line in c v
1.095 at about 4 deposited monolayers marks the lack of intensity
data due to an x-ray beam failure. The evaporation had to be inter-
rupted and continued about 10 minutes Igter.

FIG. 3. Morphology at early growth stages of the cobalt layer'height. Unfortunately
Images(a),(b) for ~0.2 ML (Vgqp=+0.30 V,I=10 and 24 nA; im- '
ages (¢),(d) for ~0.6 ML (Vgap=+0.02 and 0.04 V,1=30 and
34 nA).

the data did not allow any clear con-
clusion. However, visual inspection of images, allows us to
give a tentative answer. We observed in several cases small
islands surrounded by areas withx 1) periodicity. Figure

3(d) shows an example in the three small islands at the right

t

3(d) it can be seen that the hexagonal reconstruction transigde of the image. The area of ttiex 1) region is somewhat

smoothly into the d|ffe'ren(1><1) arrangement. The pres- larger than that of the islands. We argue that all or part of the
ence of these1 X 1) regions _suggests that the reconstructlp Nexcess Pt atoms that are “segregated” upon deconstruction of
IS also removed pelow the |_slands. Indeed, careful EXamiNgpa syrface, nucleate in the small islands shown in the figure,
tion of the ST™M image of Fig. @) reveals the presence in as was suggested by the previous study of the lifting of the
the.Co islands of a line structure that matches the1) surface reconstruction in Sec. Il A. Further deposition of Co
period of the unreconstructed substrate. As discussed below,q g result in buried Pt islands causing chemical roughness
SXRD detects a co_mplete lifting of _the reconstruction und_er-at the interface. One should also consider Co-Pt alloying as
neath of 1 ML Co film, and according to the STM image in o iher possibility. We did not observe any evidence, based
Fig. 4(@), at 95% of the completion of the first monolayer the o, y oy iffraction data, on the formation of interface alloys
at room temperature exhibiting a unit cell with intermediate

second layer coverage is5%. An interesting question re-
lated to the destabilization of the reconstruction by the Cq ;2 meters to those of Co and Pt. Also, our previous work on

atoms is where are the excess Pt atoms located in the Co/ -tray diffraction from Co/RtL11)5! and the STM work by
interface, as the reconstructed layer has 20—-25% more atom_ﬁndgrenet al#146 on the same system, did not show sig-

than t_he_(1>< 1. T o try to get an answer, a series of topo- nificant surface alloying for room temperature deposited

graphic line profiles extracted from several images were anggj s Thus, the hypothesis of clustering appears as a more
lyzed to try to distinguish Co and Pt atoms by differences inggasonaple answer to the above question. It is worth men-
tioning that the initial stages of growth described here de-

velop in a similar way to what has been shown for the case
of Au on P{001)-hex3*

Beyond 1 ML, the growth continues in an almost layer-
by-layer mode, keeping a low surface roughness, as shown in
Fig. 4b). The estimated Co coverage of the four levels of the
deposited layer is as follows: 1st: full, 2nd: 98%, 3rd: 65%,
and 4th: 1.5%.

The growth mode of the Co film can also be monitored by
measuring during the deposition the temporal evolution of
the reflected x-ray intensity at one of the so-called anti-Bragg
points or anti-phase conditions in the reciprocal sgfdaes
shown in Fig. 5.

FIG. 4. STM images for a coverage of1 ML (a and

~2.7 ML (b) The growth mode is layer by layer keeping a low
roughness(Vgy,,=—-0.03 V,1=20 nA, andVy,;=-0.20 V,1=2 nA).
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The oscillatory behavior is indicative of a layer by layer
growth. The rather low values of the intensities during
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FIG. 6. In-plane x-ray diffraction scans befqeontinuous ling ~ FIG. 7. X-ray extended reflectivity measurements befomn-

and after(point line) the evaporation of a 26.1 A Co filifsee the ~ tinuous ling and after(point line) the evaporation of a 26.1 A Co
text). film. Note the Pt bulk Bragg peaks at intedewalues, the Co peak

atL=2.64 and the Kiessig fringes at lowvalues arising from the

. . . . interference between scattering by the two interfaces of the Co
growth are due to imperfections in the ideal growth. HOW’layer

ever, it is not straightforward to infer the surface roughness
directly from the attenuation of the intensities, since the resurface layef® After deposition of a 17.5 ML Co film, the
construction of the starting surface before the depositiompeak intensity ak=1.21 is reduced by a factor ef100 and
complicates somewhat the analysis compared to the case tifat of the peak aK=1.0 by only a factor of=2. The large
the growth on an unreconstructed surfaces as irattenuation of the peak &=1.21 indicates that the @01)-
Co/P{111).5* As the reconstructed surface contains 20-25%hex reconstruction is widely lifted, while the attenuation of
excess Pt atoms in a hexagonal arrangement that does rtbe K=1.0 peak can be explained by the interference be-
match the underlying square lattice, the specular rod, beforsveen the scattering of the Co and Pt layers. The narrowing
the deposition starts, has more Pt atoms contributing to thef the K=1.0 peak indicates an increase of the lateral size of
intensity than th€11 L) rod since in the latter the hexagonal the surface X 1 domains. If the Co layer were fully relaxed,
topmost plane does not contribute. When Co is deposited, thene should find an intense peak k& 1.09 [as was found
underlying Pt atoms evolve from the hexagonal layer to thepreviously for Co/Rtl11); see Fig. 5 in Ref. 51 Note that
unreconstructed X 1 surface. This results in an extra inten- this in-plane peak of a relaxed Co layer is not foRd). 6).
sity, since, in addition to the change in intensity due to the The absence of a peak @ 1.09 0.1% could be due to
deposited Co, there is another change due to the Pt atonsgveral reasonga) the overlayer is disordered in the surface
that become in register with th@01) lattice. Taking into  plane,(b) there is a rotational epitaxy that produces reflec-
account this fact, a numerical simulation assuming that aftetions away from the crystallographic surface directios,
deposition of one Co layer the Pt surface is fully recon-the Co film is pseudomorphic with the(B01)-(1X 1) sub-
structed, reproduce the observed results in the figure: namestrate. The first possibility is unlikely in view of the nice
that the maximum at 2 deposited layers is more intense fooscillatory evolution of the diffracted intensity &t 1 1.05,
(111) than for the(001) and that the overall intensity of the as depicted in Fig. ®); the second possibility was thor-
(111) peak is more intensérelative to the initial intensity oughly explored without success; thus, we concluded that the
prior to depositiopthan the(001). It is important to note that growth is pseudomorphic.
the observation of several clear growth oscillations in the The study of the vertical order of the Co layer also gives
curves proves that the Co layers present vertical and in-plare strong indication of pseudomorphic growth. The vertical
order. Indeed, the close similarity between both curves is arder was probed by the measurement of the specular reflec-
strong evidence of pseudomorphic growth. tivity extended through several Brillouin zones, as shown in
Fig. 7. The small ripples visible at 02L<1.2, the so-
called Kiessig fringes, have a period afL=0.15+0.01,
. i from which a thickness of the Co film of 3.923 A/0.15
As evidenced by STMsee Figs. 3 and)4and XRD(not =26 1+2.0 A) is deduced. This thickness determination is
shown), one monolayer of Co suffices to remove the Pt sUryore precise than that made by counting oscillations of the
face reconstruction. As the misfit between the fcc Co and Pfeflected intensity in an antiphase condition, but both meth-
lattices is very largg~10%) one would expect, as is the oqs produce consistent results for the thickness within 15—
case for Co/R111),*~**a relaxed fcc Co layer on top of the 2094 accuracy. The sharp peaks at integeralues are the
Pt substrate giving rise to a coincidence lattice of periodicityhylk Bragg reflections of the Pt crystal, and the peak at
close to 10 times the substrate periodicity. Surprisingly, this=2 64+0.01 arises from diffraction of the stack of Co planes.
does not occur for Co/R201). Figure 6 shows the in-plane From the position of the cobalt peak=2.64, a value of
(0 K 0.19 scans before and after the Co deposition. For the1 485+0.005 A for the vertical interplanar distance in the Co
clean surface, two peaks are noticeable: a first peaK at layer is directly obtained, and which is taken as the corre-
=1.0 arises from th¢01L) Pt crystal truncation rod, and a sponding thickness per Co monolayer. This value is very
second one aK=1.21 is characteristic of the reconstructed different from the interplanar distance between fcc(C00)

C. Structure of the cobalt film
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' ' ' ' ' cation rods of the Pt bct substrate, with the only difference of

10%4 " . L
i the positions inL of the peaks related to their different ver-
_Zg 1074 tical interplanar distances.
3 Beside this findings, XRD and STM data presented some
5107 additional features that suggest a partial relaxation of the
Z10°] in-plane compressive strain. A detailed description will be
s reported in a further publicatiofd.
£ 10%4
10° : : . : . D. Growth of bce-Colfce-Pt(001) superlattices
00 05 10 15 20 25 . . . .
L (r.lu) We examined the possibility of growing epitaxial Co/Pt

001-oriented superlattices in different experiments. Figure 8
FIG. 8. X-ray specular reflectivity. Unfilled squares: shows the specular reflectivity measurements on an epitaxial

Co(5.9 A)/Pt(001); filled circles: P¢3.3 A)/Co(5.9 A)/P001). Pt(3.3 A)/Co(5.9 A)/Pt(001) trilayer. For all the growth

steps, oscillations of the specular intensity similar to those in
planes, 1.772 A, or fcc or hcp Cd11) planes, 2.046 &7  Fig. 5 were observed. TH® 0 L) scans in Fig. 8 show clear
However, it is very close to that of bcc Q@01) planes, Kiessig fringes, which is an indication of film perfection and
1.41(3) A8 In addition, a bce Co lattice wittD01) orienta-  low roughness. No sign of relaxation was found in the in-
tion and 2.826) A lattice size matches the in-plane symme- plane scans. This is considered as evidence for the pseudo-
try and fits well the 2.774 A in-plane lattice of the Pt sub- morphism, as in the previously discussed case of single Co
strate. These observations suggest that the structure of the @tins on Pt001).
film is close to bcc. The in-plane pseudomorphism would
imply a compressive strain in the Co film of2.774
-2.825))/2.825)=-1.8%, while out of the surface plane,
the strain is tensilg1.485-1.413))/1.41(3)=5.1%. It is no- In Co/Pt ultrathin films the magnetic properties are deter-
ticeable that this yields a unit cell volume only differing from mined not only by the ferromagnetic cobalt layer but also by
that of the bcc by 1.4%. Therefore, we conclude that the Cahe interface via the induced magnetism of the platinum. The
film has a body centered cubic cell with a tetragonal distorcombination of TMOKE and magnetic-resonant SXRD at the
tion of c/a=(2*1.485/2.774=1.071, i.e. of 7%, and a vol- PtL,, absorption edge allows us to probe independently the
ume change of 1.4%, which is pseudomorphic to t{e@)-  magnetism of either the cobalt film or that of the interface
(1x 1) surface. This structure has been found to be stable foplatinum atoms, respectively.
thickness up to at least20 ML. Note that Co fcc lattice can ~ Figures %a) and 9b) show magnetization cycles mea-
be seen as a bct with/a=3.544/2.506=1.41, while a bcc sured by magnetic-resonant SXRD detected (HiKL)
hasc/a=1.0; thus, our bct structure is very much closer to=(0 2 2.44 in the reciprocal space and by TMOKE, respec-
bce than fee. Indeed, the surface diffraction rods of a pseuddtively, for a 6.9 A Co film. Both cycles represent the in-plane
morphic bcc Co layer strictly coincide with the crystal trun- magnetization and their shape evidences the presence of in-

IV. MAGNETIC PROPERTIES
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180 ' ' ' L 10x10° netic moments are no longer confined in a single interfacial
160+ = S atomic plane, the interference between the magnetic scatter-
140 \ —~—u, 8 ing signals arising from the magnetic Pt atoms in different
& 1207 interfacial layers need to be also taken into account.
O 100 r6
L 80 4 o V. DISCUSSION AND CONCLUDING REMARKS
60
a0l ° To summarize, we have found that Co grows o(0@1)
L2 . . . .
20 in a layer-by-layer mode up to the investigated thickness
(~30 A). The crystalline structure of the Co films is a tet-

0 . . . . .
o 5 10 ] 15 20 25 30 ragonally distorted bcc in pseudomorphic epitaxy with the
Co thickness (A) substrate. The distortion consists of a —-1.8% compressive
FIG. 10. Dependence on the Co layer thickness of the coercivgtrai.n i.n the p"'?‘.”e gnd a tensile strain of 5.1% out Qf plane.
force, Hc (unfilled squares and the asymmetry ratioR (filled _S'T”"ar _Stablhzatlon of bee or bc_t cobalt phases in ultra-
circles of the Pt x-ray loops measured @ K L)=(0 0 2.44. thin films like the one reported in this work has already been
observed for a variety of substrates, such as GhEG,*8
plane easy axes of magnetic anisotropy. The coercitivities are€001),°> Cr(100,%* FeAl(001,>* W(100),>* Pd001),2®
however different: that of the Pt interfa¢a is clearly larger ~ Cr(110),°° and Ay001).>’
than that of the TMOKE cycl¢b). This difference seems to ~ The bct Co films exhibit in-plane easy axes of magnetic
suggest that at the interface the Co/Pt system is magneticalgnisotropy within the thickness range of 5-30 A. The mag-
harder. Nevertheless, further investigation is needed t&€tization curves of the Co layer and the interfacial Pt are
clarify this point. Panelgc) and (d) show magnetization Similar, indicating ferromagnetic coupling.
loops from a R2.2 A)/Co(6.9 A)/Pt001) trilayer as mea- Let us compare our results with previously published
sured with x rays and TMOKE, respectively. Again the Work. In-plane anisotropy in Co/Pt superlattices wi@®1)
cycles evidence in-plane easy axes of magnetic anisotropgrientation was reported by Leat al'>'®for the Co layer
In this case the coercive forces found in the Pt and Co loop#ickness above 1 ML. The structure of the Co film was
are similar. considered to be distorted fcc. Boegéh al. reported struc-
Figure 10 depicts the dependence on the Co layer thickural results from LEED on Co/Fa01).'*-*' Above 1.5 ML
ness of the asymmetry ratiB, and the coercive forcéic, of ~ 0f Co, they observed that LEED patterns became fuzzy and
the Pt x ray loops. At the lowest thickness investigatednterpreted this as being due to a disordered film. Pter
(1.4 &) no magnetic signals are detectable. At 2.7 A theal.?? based on LEED/MEED observations concluded a layer-
cycle (not shown presents very small remanence and lowby-layer growth of the Co layer, which is pseudomorphic up
coercitivity, resembling that of a superparamagnet. At 4.1 Ato 1 ML and relaxed at higher coverage.
the shape of the hysteresis loop is already rectangular and the Engelet al?*#*investigated Co/R@02), which is closely
Pt magnetic signal reaches a value which does not chandélated to Co/R001) since the lattice parameters of Pd and
significantly upon further Co deposition. As shown in Fig. Pt differ by less than 1%. They observed a pseudomorphic
10, the coercive field reaches a maximum plateau ofpitaxy. More recently Giordanet al>*2¢found in the same
~165 Oe at a thickness of 5—10 A and for thicker filmssystem by LEED and photoelectron diffraction a bct struc-
decreases continuously down to 140 Oe-&6 A. We have ture, stable up to~30 ML. Interestingly, Co/P@®01) also
investigated if this decrease could be due to contaminatiodisplays in-plane magnetic anisotropy. It was concluded that
effects from the residual gas. We have found that, on thé¢he strain of the pseudomorphic Co layer gives rise to a mag-
contrary, oxygen contamination tends to increase the coercitietostriction contribution that adds to the shape anisotropy to
ivity. The decrease of coercive fields may be related to thdavor in-plane magnetic anisotropy and accounts for the large
diminishing effect of the interface for a thicker Co film. volume anisotropies measur&tf® The same argumentation
The relative change in the diffraction signal due to mag-should remain valid for our case, in view of the close struc-
netic scattering af0,0,2.44 is approximatelyR~ 1% (Fig.  tural similarities. Note that the magnetocrystalline anisotropy
10). These values are comparable to those found in previous expected to be very small since the unit cell is almost
work®%51 for Co films deposited at low temperature on cubic and hag001) orientation, causing the equivalence of
Pt(111). This indicates, as an estimate, that the induced maghe in-plane and out-of-plane directions corresponding to the
netic moment of Pt is similar in both cases, thus of the ordecrystal axes.
of 0.2ug. Nevertheless, in order to give a precise value of the
Pt magnetic moment measurements and a detailed analysis ACKNOWLEDGMENTS
of the magnetic Pt crystal truncation rods are required. More- The authors acknowledge the technical help of H. Isern,
over, the possible presence of a certain amount of excess Bt Paiser, L. Petit, V. A. Solé, K. Larsson, and P. Bencok. The
atoms mixed in the first Co layer and with a large induceduse of the software WSxM®; http://www.nanotec.es is also
magnetic moment complicates the analysis. If the Pt magacknowledged.
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