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Magneto-optical light scattering from ferromagnetic surfaces
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We have studied the optical and magneto-optical components of the light scattered by the surface of
several Fe films with different morphologies. We present a method, based on the ratio between the
optical and magneto-optical components of the scattered intensity, to discern the physical origin,
either structural or magnetic corrugation, of the light scattered by these ferromagnetic surfaces.
Surface versus bulk magnetic information can be separated by magneto-optical light scattering
measurements, the scattered light being more sensitive to magnetization differences between surface
and bulk than the reflected one. 8003 American Institute of Physic$DOI: 10.1063/1.1537511

The magneto-optical Kerr effect has attracted much attional to the variation of the component of the magnetization
tention in the last years as a tool to probe the magnetic progerpendicular to the plane of inciden@eansversal Kerr ef-
erties in thin films. Most of the studies extract information fect configuration Therefore, the component of this
from the reflected beam, assigning the concluded propertigs-polarized reflected or scattered beam at the frequency of
to the film as a whole entity, and averaging the depth deperthe rotating magnetic field is the corresponding magneto-
dence. Nevertheless, lattice distortion or interdiffusion at theoptical component, while the total intensity is the optical
interfaces can give rise to strain and hybridization effect£omponent.
that can locally modify the magnetic properties of the film,  In Fig. 1(@) we present the angular distribution of the
such as a local magnetization reduction. Recent works study2ptical component of the scattered light intensity)(in the
ing the diffracted spots from periodic arrays of ferromagneticplane of incidence for a sample with a rough surface. The
structure$—3 show that magnetic information such as domainsurface morphology consists of a periodic one-dimensional
structure and magnetic inhomogeneities can be obtainegorrugation oriented along one of the surface axes originat-
F0||0wing a different approach, ana|yzing the magneto-ing from the GaAs substrate. The period of the Corrugation is
optical component of the scattered light can also be vent.9 um and its rms roughness is 1.5 nm. The surface also
useful to extract information on the magnetic behavior ofshows a smaller two-dimensional roughness with a rms value
surfaces and interfaces. Up to now, most of the work ha®f 1 nm. The curve with dots corresponds to the intensity
been devoted to study the pure optical component of th&cattered by the sample corrugation and presents two lobes
scattered lighf;® which offers information about surface [marked with arrows in Fig. (8)] associated with the corru-
morphology. Nevertheless, little is known about the modifi-9ation period The curve with squares corresponds to the
cation of the intensity scattered by the surface of a ferromaglight scattered by the disordered background roughness in
netic material when a magnetic field is applied. In this letterthe direction perpendicular to the corrugation, with no char-
we report our observations on the optical and magnetoCteristic periodicity. Figure (b) shows the magneto-optical
optical component of the light scattered by a series of F&ounterpart (g for these two azimuths. Differences be-
samples, and we analyze the origin of the scattering mecha-
nism and the kind of information that this technique could 30 s e
provide. @) 0 =5 (b) oo ]

Single-crystalline F®01) layers (30 nm thick were | X’ -

grown on MgO buffered GaAs substratesjth 2 nm MgO

or Pt capping layers to prevent oxidation. Atomic force mi-
croscopy (AFM) and angle-resolved light scattering
measuremenis(He—Ne laser,\=633 nm) were used to
characterize the samples’ surface roughness. The magneto-
optical component of the scattered light was extracted using .
a modulated system that allows the detection of very low » L 6:=512
scattered intensities: A rotating magnetic field of enough in- 0!-"7 . .'-,_, Se” Ui
tensity to saturate the sample is applied in the interface plane -40-20 0 20 40 -40-20 0 20 40
of the sample, thus forcing the rotation of the component of Scattering angle, 05 (degree)

Fhe, sample magnetlzatloq in this pla%ém a.p-polarlzed . FIG. 1. (a) Distribution in the plane of incidence of the optical component
incident beam, such rotation produces a variation of the iyt the light scattered by the corrugated surface of a ferromagnetic sample

tensity of thep-polarized reflectedscattered light propor- (159 when the corrugation is perpendicul@iots and parallel(squarelto
the plane of incidencéb) Distribution of the magneto-optical component of
the light scattered by the same samplg. ) in the same azimuths. Both
¥Electronic mail: ujue@imm.cnm.csic.es signals are normalized to the intensity of the incident begpg) (
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FIG. 2. Ratio between the optical and magneto-optical components of the ~ .- .....q
light scattered by the surface of the same sample as in Fig. 1, for two angles g m R ............................
of incidence,§;=5 and 20. Discrete points represent the experimental data, o m i k
with dots and squares corresponding to the measurements taken with the e ?
corrugation perpendicular and parallel to the plane of incidence, respec- 3_ 1 = T
tively. The lines are the theoretical calculations according to(Exq. ! ]
|
tween optical and magneto-optical components can be ob- ! gkﬁezlu& P ,‘@; >
served: For the magneto-optical p&dots, the lobe is lo- 4 , Q, N Y
cated at a different angle than for the optical one, which, at a '
first glance, may suggest different periodicities for surface y
morphology and magnetization distributions. Tihg,,mea- 0t—
sured perpendicular to the groovesjuares shows a struc- -20
ture not seen in the corresponding optical component of Fig. Scattering angle, Os (degree)

1(a). Moreover, |4y, reverses its sign for backscattering
angles in both azimuths. However, despite the different surFIG. 3. (a) Ratio of the magneto-optical component of the scattered inten-
sity coming from the surface layer and that coming from the substrate for a

face structure present in the two azimuths, and the dlf-feréystem where the magnetization of the surface lag€s nm thick differs

ences observed in the distribution between the opfiea. from that of the substratéhe inset shows a schematic representation of the
1(a)] and magneto-optical componefig. 1(b)], their ratio,  problem. (b) Same aga) for the reflected beam.

plotted in Fig. 2, is the same for both azimuths. As can be

seen in Fig. 2, this ratio depends only on the angles of inci- )
dence andgscattering, but npot on theysurface mo?phology. be expressed as a sum of a ;eroth-orgier it field cal-

To understand the observed behavior, we have calculatéglated for a perfectly smooth interfadg;) and a first-order
the intensity scattered by a generic ferromagnetic sampl&Orrection due to the rough interfac&;jq. The first-order
Although scattered light could come from different sourcesfield satisfies Maxwell equations in medium hence, its
we assume here that surface roughness is the main mecHgtensity can be easily calculated from the continuity of the
nism of scattering. Then, if surface roughness is mucHotal tangential component of the electric and magnetic fields
smaller than the light wavelength, first-order perturbationat the interface. If the system is fully magnetized along the
theory can be applied. We have followed the method preaxis perpendicular to the plane of incidence #xis), the
sented in Ref. 9, extended here to ferromagnetic materialgitensity of thep-polarized light scattered into the air in the
(the problem geometry is shown in the inset of Figg. Bhe  plane of incidence undgr-polarized incident light is propor-
electromagnetic field in a medium E; , near the surface can tional to

e1(1+T)(sinf) AE2—ADY(1-T)gs—i(1+T)Q; sin es]\z
(1+T)(e,c080s—iQ;sinf) +qs(1—T) |’ @D

|AZ(ko—k)|?

whereAE2=EJ, ,—EJ, andAD?=DY,,—DJ, are the dis- ponent, which depends linearly on the magnetization in me-
continuities at a smooth interfacair/medium 3 of thezand  dium 1 along they axis, e1,= Bm>1,; andT is the ratio of the

X components of zeroth-order electric and displacemensgcattered field at the interface in medium 1 induced by re-
fields, respectivelyps is the scattering angleyZ(k,—k) is  flections in the layers underneath the surface layer and that
the in-plane spatial Fourier transform of the interface profile propagating into the sampl@&: can be approximated to zero
beingk, (k) the projections of the incideriscatteredwave if the optical properties of the surface layer and the layers
vector onto the X,y) plane;qs=\/(g,—Sir? 6); £, is the  underneath are very similar.

diagonal component of the dielectric constant tensor of me- By using Eq.(1), we have calculated the Fourier trans-

dium 1 andQ,= —isl%lsl, with £1, the nondiagonal com- form of the surface profile fronhg. shown in Fig. 1a), and
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the obtained function agrees completely with that extracteéissuming the same refractive index and magneto-optical con-
from AFM measurements, giving the same roughness chastant (taken as those of Feor surface and substrate. The
acteristics(corrugation periodicity, rms roughness valyes ratio has been calculated for different angles of incidence,
which indicates that this component of the scattered light isand in all cases the scattered light is more sensitive to surface
produced exclusively by the surface roughness for thignagnetization than the reflected beam. Moreover, the sensi-
sample, validating then this assumption in our analysis. Otivity can also be tuned by changing the wavelength to probe
the other hand, Eq1) also shows that the ratio between the particular surface layer transitions, therefore, increasing the
difference of scattered light intensities when the sample isensitivity, in a similar way as done in x-ray resonant mag-
fully magnetized along the positive and negative directionsetic scattering*~*

of they axis (proportional tol s, and the intensity of the In conclusion, we have presented a method to determine
scattered light when the sample is fully demagneti@etich ~ the origin of the magneto-optical component of the light
can be equalled tb,., sincelg,is three orders of magni- scattered by a ferromagnetic surface. We have shown that
tude lower, as shown in Fig.)ldoes not depend on the surface versus bulk magnetic information can be separated
roughness profile AZ), as has been observed experimen-by magneto-optical light scattering measurements, the scat-
tally. AE?, ADS, andT depend on the whole structure of the tered part being more sensitive to surface magnetization than
sample, and therefore, simple analytical expressions for thighe reflected one. Therefore, this technique allows analyzing
ratio can only be obtained for special cases. The full lines irin-depth magnetic inhomogeneities in a simple and easy way,
Fig. 2 represent the theoretical calculation of this ratio,offering also the possibility to be uséd situ.
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