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Suppression of 90° spin switching in Co nanomagnets grown
on the Cu (110)-{2X1}O surface

M. Tselepi, P. J. Bode, Y. B. Xu, G. Wastlbauer, S. Hope, and J. A. C. Bland®
Cavendish Laboratory, University of Cambridge, Cambridge CB3 OHE, United Kingdom

We report on the effect of oxygen on the CO-induced 90° spin switching in the CalQwsystem

[Hope et al,, Phys. Rev. B57, 7454 (1998]. The epitaxial fcc Co films were grown on the
unsaturated Q10-{2x1}O surface and their magnetic properties have been studiedinviitu
magneto-optic Kerr effect. The easy axis switch of thg1@6) films is suppressed when Co is
grown on O exposed Cu surfaces. Scanning tunneling microscopy images of the film surface reveals
the growth of elongated nanostructures preferentially oriented alond@€1ig direction, providing
step-like edges for gas adsorption. The density of steps is similar to the density developing during
growth on the clean Q10 surface but the step edges now run in the perpendicular direction. The
suppression of the easy axis switch can be attributed to subtle changes of the number and adsorption
probability of the available atop adsorption sites along the step edges for CO chemisorption. Our
experiments highlight the remarkable chemical sensitivity and adsorption site dependence of the
easy axis switch of the 10 nanomagnets. €001 American Institute of Physics.

[DOI: 10.1063/1.1360259

The uniaxial anisotropy resulting from the reduced sym-  In this article we present the magnetic properties of Co
metry at surfaces, interfaces, and step etlgesl the effect deposited on the unsaturated (CL0{2x1}O surface. Al-
of the adsorption of nonmagnetic elements on its easy axitough recent studies presented evidence that O acted as a
have recently received a great deal of attentichFor thin  surfactant to promote the growth of atomically flat fcc Co
fcc Co films grown on miscut G001), a 90° rotation in the films on the C¢110) surface the quality of the films ap-
step-induced uniaxial anisotropy is caused upon adsorptiopears to be strongly influenced by the amount of oxygen
of small amounts of different adsorbates, such as Cu, Fe, Agresent on the surface and during groftiihe layer-by-
or O, irrespective of the adsorbate specific electronidayer growth observed is stabilized by an oxygen induced
structure? The mechanism behind this rotation is believed to(3x1) surface reconstruction of the Co film, indicating that
be a change in the magnetic surface anistropy of the step sitgh oxygen coverage of at least 2/3 ML is neefiétere, we
atoms. However, in striking contrast with the vicinal Co/ have chosen to work with oxygen coverages~63.25 ML
Cu(001) system, we have recently observed a chemically sefor which the effect on the film three-dimensional growth is
lective 90° spin switching in the Co/CLL0) system, with  expected to be small.
only CO being able to induce the switétDosing experi- The experiments were carried out in a UHV chamber
ments on the Co/Gd10 system revealed that 0.08 mono- equipped with a Burleigh scanning tunneling microscope
layers (ML) of CO is required in order to switch the easy (STM), low energy electron diffractiofLEED) and reflec-
axis of a 15 ML Co film corresponding to one CO moleculetion high energy electron diffractiotRHEED) for structural
switching the spins 0F~180 Co atoms. The very small  analysis, andn situ magneto-optic Kerr effedtMIKE) and
amounts needed for the switch indicate that the CO onl\Brillouin light scattering(BLS) for magnetic characteriza-
adsorbs at specific sites probably along the island step edgeafon. The base pressure was in the 3 Torr range and
Scanning tunneling microscope images revealed the growtfising to 8x 10~ ° Torr during deposition. The single crystal
of elongated island structures preferentially oriented alon@y(110) substrate was prepared via cycles of 1.5 kV"Ar
the [1-10] direction that provide “step like” edges for gas sputtering and annealing to 730 K, until low energy electron
adsorption. Furthermore, it was found that a Cu overlayegiffraction measurements indicated a well-ordered surface.
deposited before the easy axis switch will stop the switchrne unsaturated surface was prepared by exposing the clean
from occurring, whereas once it occurred, it could be re-gyrface to ~2.0 L of O at 625 K. The Cu—O atomic rows run
versed by monolayer Cu coveradet.is likely that the Cu  ajong the[001] direction, with an inner-row periodicity of
atoms occupy the specific adsorption sites preferred by thgne |attice unit and inter-row periodicity of two lattice units.
CO molecules in the first case while it displaces the CO gag$ EEp measurements show the correspondi®g 1) recon-
in the latter. The question therefore arises as to the nature @y ction pattern Fig.®. Upon heating the substrate to 625
the interaction between the adsorbed gas and the film MOK | the two-dimensional anisotropic Cu—O islands arrange
p.holog.y. In particular, to sheq Iight'on the role of the edgeihemselves in a striped periodic supergradjifég. 1(b)].
sites, it would be useful to investigate whether the samerne cy—0 strings appear as elevations for sufficiently high
magnetization switch happens, if the island morphology,egative bias, otherwise they are imaged as depressions. In a
were to be changed by growing on a modified surface. typical case we observed40 A wide (2x1) Cu—O stripes,
~60 A apart, corresponding t6:0.25 ML of oxygen. The
dElectronic mail: jachl@phy.cam.ac.uk sample temperature was held at room temperafie dur-
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FIG. 2. (a) Angle-dependent MOKE loops of 6 ML Co film. The sample
exhibits an in-plane uniaxial anistropy with the easy axis parallel to the
[001] direction.(b) The evolution of the coercive field as a function of
time for a 6 ML Co film grown on the Qd10{2x1}O surface and the
Cu(110 surface.

FIG. 1. (a) LEED pattern from the O exposed Q0 surface E=101 eV
and(b) STM image of the same surfad@=1.64 V (positive with respect to
sample andl=1 nA, the dark stripes are the Cu—O strings.

ing evaporation.In situ MOKE measurements were per-

formed at RT with the longitudinal geometry and a maxi-creasing as a result of O adsorptibrinterestingly this
mum field of 2 kG. The sample was subsequently transferredhange in the coercivity is not observed when the film is
to the STM stage for morphology measurements at selectegrown incrementally in order to reach the same 6 ML thick-
thicknesses. ness and then exposed to O.

MOKE measurementsf@ 6 ML Co film grown on the We have performed STM measurements on the films
unsaturated Qd10-{2x1}O surface are shown in Fig. 2. grown on the oxygen preadsorbed surface to see whether
Angle-dependent studiggop panel show that a dominant morphology changes are responsible for the suppression of
uniaxial anisotropy is present resulting in tf@1] and the the switch. Fig. 8) shows the STM image for the 6 ML film
[1-10] directions being the magnetic easy and hard axis, remeasured above. The growth on the(TLD-{2X1}O sur-
spectively. The bottom panel shows the coercive fiéjdas  face proceeds via the formation of three-dimensional islands
a function of time for the 6 ML Co film taken fronv-H along the[001] direction. Differences in the morphology of
loops with the field parallel to theD01] direction. A square the films at the initial stages of growth compared to the
loop with unity remanence is observed ald0g1] even after growth on the clean surface will be reported elsewt@re.
almost 24 h in vacuum. This data clearly indicates that theThe morphology revealed by the STM images is in agree-
90° magnetic easy axis switch does not occur in this systemment with previous studies in which it was reported that
In order to investigate the stability of the easy axis directiorwhen preadsorbing less than 0.5 ML of oxygen, the shape
we have dosed with both CO and O after growth. CO dosingnd the intensity of the Co thermal helium atom scattering
of up to 40 L was found to have no effect on the magneti-growth oscillations was degraded, indicating three-
zation of the film. This is contrary to the case of the Co filmsdimensional growth for this coverage regifh&igure 3b)
grown on the clean G410 surface in which, as the residual shows an image from 6 ML of Co film grown on the clean
CO gas/Co interface grows$j. for the [001] direction re- Cu(110 surface for comparison. It can be seen that the
duces almost linearly over the first 60 min as is consistenhanoscale morphologies in the two systems are very similar.
with a linearly changing in-plane anisotropy strength, beforeAn average island length and width of 2.7 nn? and of
changing sign, thereby switching the easy axis to[th€0]  9.6x3.6 nnf have been estimated from the STM images for
direction? However, dosing with O was found to initially the 6 ML Co film grown on the O exposed surface and on the
increase the coercivity by a factor of 2 at a dose-@&.5 L, clean surface, respectively. The presence of island step edges
indicating that the strength of the uniaxial anisotropy is in-has been shown to be an important factor in explaining the
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available sites for CO adsorption. Assuming that CO adsorbs
on the atop and/or long-bridge sites, as is the case for the
Cu(110 surface'? the total number of atop and long-bridge
sites around the island edges will be different for the two
orientations due to the twofold symmetry of the (C0
surface; there will be mordlesy atop sites(long-bridge
siteg available when the islands are elongated along the
[1-10] direction than when elongated in th@01] direction.

It is reported in the literature that at the hcp(Q@01) surface

the atop site is first populated with the subsequent adsorption
in bridge positiont*> Assuming that CO adsorbs on the atop
sites for the fcc CAL10 surface as well, this suggests that
the number of occupied atop sites is important in order for
the easy axis switch to occur. Recent tight-binding studies of
the CO chemisorption effect on hcp cobalt magnetization
indicate that the CO molecule in the atop position is effective
in local moment quenching whereas adsorption on the bridge
site leaves the magnetic moments infdch corresponding
effect on the anisotropy can be expected.

Alternatively, it is also very likely that the CO can no
longer adsorb on the sites it prefers at room temperature due
to the presence of the oxygen. For example, repulsive inter-
actions between atomic oxygen and CO on low index Ni
surfaces, to which both gases readily adsorb at the step
edges, result in coadsorption-induced changes in the distri-
bution of CO adsorption sites. When oxygen fully saturates
sites along the step edge, the steps are completely blocked
from CO adsorption and virtually all the CO population on
the terraces shifts from atop to bridge sité$®
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FIG. 3. STM images fronfa) 6 ML thick Co film grown on the C(110-
{2x1}0O surface andb) 6 ML thick Co film grown on the C(L10) surface.
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