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Vicinal interface sensitive magneto-optical Kerr effect: Application to CdAu(322)
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Vicinal interface sensitive magneto-optical Kerr effé@iSMOKE) is predicted for ferromagnetic films
deposited on steppdé.g., vicina) substrates. VISMOKE originates from the interference between optostruc-
tural and magneto-optical perturbations at stepped interface. The contribution of VISMOKE to total Kerr effect
is calculated for any magnetization orientation and arbitrary incidence angle of light. Predictions on the
variation of VISMOKE with sample rotation around its normal axis is probed by an ultrathin Co film deposited
on a high quality Ag322) vicinal surface. The calculated optostructural interface perturbation is consistent with
its experimental value.
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[. INTRODUCTION et al® for low symmetry surfaces and qualitatively discussed
for vicinal interfaces.

During last decade many effort has been made to relate Here, VISMOKE is evidenced experimentally for an ul-
the magnetism to the structure in ultrathin ferromagnetidrathin FM Co film, deposited on a Au vicinal surface. Fur-
(FM) films.}? However, the knowledge of the magnetism atthermore, from either MOKE or reflectivity measurements,
buried interfaces is still a challenge. Only few techniquesWe deduce independently the value of the step induced op-

such as the magneto-optical second harmonic genetation tostructural perturbation. Finally, this optostructural pertur-
x-ray magnetic circular dichroisthcan give such informa- bation at vicinal surface is estimated from a simple analytic

tions in some cases. Up to now, only a few experiments havglectromagnetic model. The agreement with the experimental
been carried out on films deposited on vicinal interfaces invalues is good and, for weak vicinality, VISMOKE is pre-
spite of the well-known structure of the involved interface dicted to vary linearly with the step density.
that may be considered as a test bed for basic studies. In
particular, the step-induced magnetic anisotropy of FM films
may be well controlled.Stepped substrates can be also used
to drive anisotropic magnetic domain-wall propagafitmat
could be of interest for applications.

The magnetic properties of ultrathin films are commonly .

: | tial
probed by magneto-optics. In this paper, we show that
nontrivial different magneto-optical Kerr effe@MOKE) is ST S
expected as the consequence of the low symmetry of thglément of the vicinal interface is -mirror plane, thex
vicinal interface. This vicinal interface sensitive MOKEI-  axis being perpendicular to the step edges ambrmal to
SMOKE) is shown to be related to the in-plane componentthe film. When rotating the sample aroufidthe orientation
of the magnetization and can be detected even at norm&f vicinal steps with respe(Et to the light referential is deter-
light incidence ¢=0). No MOKE signal, proportional to mined by the anglex=(X,X). The orientation of sample
the magnetization, is usually expected in this MO configuraimagnetization is given by anglgsand y in the light refer-
tion for flat surfaced.In the ultrathin film approximatidha  ential [Fig. 1(b)].
convenient approach is introduced here to calculate MOKE, The optical properties of the FM layer are described by
including VISMOKE contribution for arbitrary light inci- the complex permittivity tensog, so thatD=eqgE, where
dence and magnetization orientation. We show that Vi€, is the vacuum permittivity. In general, the element
SMOKE originates from the interference between optostruc{i,j=x,y,z) of the permittivity tenso can be decomposed
tural and first-order magneto-optical perturbations at thento structural(i.e., nonmagnetics,;; and magnetie yagj;
interface. Such an effect was recently predicted by Pethukorontributions,

Il. ANALYTICAL EXPRESSION
OF MOKE AND VISMOKE

Let us note &,¥,7) and (X,Y,A), the Cartesian referen-
s for the light and the sample, respectivélig. 1(a)].
he plane of incidence of the light 8. The only symmetry
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FIG. 1. () Light (%,¥,A) and sample X,Y,A) Cartesian refer-
entials. « is the angle of rotation of the sample around (b)
Sample magnetizatioM orientation with respect to theght refer-
ential.
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Becausez is a second-rank polar tensor and the vicinal
interface has point symmetry gromp(one mirror axis sym-
metry), the general form of the structural permittivity tensor
for step edges in the plane of incidenae=0) is'

€11 O €g
Egy= 0 &» 0], (2
Eg 0 €33

where a new off-diagonal optostructural elemegptppears.
As will be shown later, the presence ef induces VI-
SMOKE. From symmetry argumentsg¢ is more generally
nonzero for interfaces with the following point symmetry
groups: 1, 1 2, m, 2/m, i.e., when only inversion andne
mirror plane symmetry operations are allowed. The coeffi-
cienteg is assumed to be small as compared to the diagonal
elements values, which are assumed to be nearly eguyal (
=g,y=g33=¢&4). FOr an efficient symmetry breaking in the
vicinity of the vicinal interface at depth, 5 can be nonzero
over few atomic distances from the interface. Thus, for sim-

As follows from Onsager relations of reciprocity, in the ab- plicity, we introduce a vicinal memory deptty, so that
sence of magnetic field, the permittivity tensor is symmetri-e ts= [e5(n)dn. When the sample is rotated by an angle
10

Cal, I.e.,sst,,ij = Egtrjji -

£11C0% a+ &SI a
Egla)=| (e~ e,p)sin2a

£5COSa

Since the magnetic perturbationsap,, are weak, one may
consider thag,, remains isotropic at first ordér,

0 enM, —epmy
l:'lmag: —&mMm; 0 eqmMy |, (4)
eEmMy  —&mMy 0

with  M/M¢=[m,,my,m,]=[cosycosB,cosysing,siny],

Mg being the saturated magnetization. The complex reflec-

tion coefficientsr ys,rsp,rss,pp Of the ultrathin FM layer,

around theh axis[Fig. 1(@)], & («) takes the form

3(e11—€92)SIN2  €5COS
£,,C08 ate;SiIfa &SN (3)
esSina £33

D, =rsp/Tpp= O ptim( —Aeyy+Bey,leq) + thSAsxzszyls(ds,)

wheregs , describe the optical contributions of the substrate
and overlayer for an incidence angte
For an infinitely thick substrate and an overlayer of thick-

ness ty.e, composed of the same material, theh
=iN,/Np;, B=i(NyNg/eg4)sine and
(477/)\0)N0anexq477iNztover/)\o]COS(P
Osp™ (6)

(NG—N§)(N,cose=Ngsirt ¢)

sandwiched between infinite non-FM substrate and overlayer

are then deduced. The firfidecondl subscripts stand for the
direction of the incidentoutgoing light polarization, paral-

lel (p) or perpendicularts) to the plane of incidence, respec-
tively. The optical and magneto-optical properties of the FM
layer of thickness;,,, are described by the general permittiv-

ity tensorée [Eq. (1)]. Assuming valid the ultrathin FM layer
approximation, i.e., 4 Re(Nin)tim<<\g, where N, is the
complex refractive index of the FM layer aihg is the wave-

length in vacuunf, we found the generalized complex
MOKE amplitudes, defined as ratios between reflection co

efficients(see the Appendix and Tablg |

b=— rps/rss: Qstfm(ASyx+ Be,y/eq)— QstsAsyzslesd )

where +, — in the denominator correspond @, ¢, re-
spectively.N,; andN, are the complex optical indices of the
non-FM sandwiching material and air, respectively, &ahd
(NZ—N§sir? ¢)¥2. The parametergs,, A N, are even
functions of the incidence anglg and are quasiconstant for
¢ e (—30°;30°% region, althougtB is an odd function ofp
varying quasilinearly withp.

Substituting the permittivity tensor elements from Egs.
(1), (3), and(4) into Eq.(5), the successive terms in Ecp)
are interpreted as poldPMOKE), longitudinal (LMOKE)
and new VISMOKE contributions to total Kerr effect. VI-
SMOKE is proportional taeg over a vicinal memory depth
ts, although PMOKE and LMOKE are proportional tg, .
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FIG. 3. PMOKE hysteresis loop measured at normal incidence
in a field parallel toA. A small remanent magnetization is mea-
sured. The perpendicular anisotropy field is only 3.5 kOe for this
5-AL-thick Co layer deposited on A822).

be seen from Eq3), the structural part of the elements,,
€2x1 Exzy €2y CANNOL be induced by sample rotation.

Ill. SAMPLE PROPERTIES

Magnetic anisotropy favors an out-of-plane orientation of
M in flat Au/Co(tco)/Au(111) films until a sudden in-plane
spin reorientation for a Co thicknesg,=10 atomic layers
(AL).*? The situation is different for fims deposited on a
FIG. 2. (a) STM image of the A(B22) vicinal surface. The  Au(322) vicinal surface. In this casey reorients slowly
arrow indicates thg211] descending step direction. The slight from the out-of-plane to in-plane direction when increasing
azimuthal disorientation induces a secondary steps netiiffier- tco- Thus to study VISMOKE, dc,=5 AL was selected in
ent gray levels A monoatomic kink is underlined by a black circle order to get a large enough in-plane magnetic component.
on the zoomed imagéeb) STM image of 4 AL of Co grown on the The Au322) single-crystal substrate is a disk of 4 mm
Au(322 surface. The image size and orientation are simila@fo  diameter and 2 mm thickness, mechanically polished to a
mirrorlike surface. Then the surface is prepaieditu in an
Hence VISMOKE is an effect linear with magnetization and ultrahigh-vacuum(UHV) chamber with a base pressure of
only sensitive to the vicinainterface Considering, for ex- 3% 10! mbar by repeated cycles of Arsputtering at 900
ample, asMOKE effect @, eV and annealing at 800 K. The AR2 surface is disori-
« PMOKE is equal to ity Ae,Siny, wherey is the disori-  ented by a miscut angl¢=11.4°[Fig. 1] and is ideally -
entation ofM with respect to the film planéFig. 1b). made of 1._17—nm terrace Wldth: All steps are monoatomic,
« LMOKE is equal tog {y,B(s,/&4)cosysin. It is maxi- _0.235 nm h|gt[E|g. 2(@)]. The purity of the initial Au surface _
mum whenMIl§, i.e., whenM lies at the intersection of is checked using Auger electron spectroscopy. Cobalt is

. . evaporated at a low pressure smaller than1® % mbar.
the sample plane and of the incidence plane of the ligh iqure ab) shows the surface topography after the deposi-

(y=0, p=907). tion of a Co layer. Although it is still possible to distinguish
locally the vicinal staircase, the Co surface is rough and
. . ) } Gnuch more isotropic than the initial AB22) surface. This is
tural s and magnetie, perturbations. For a fixed orien- g, e 1 the fact that Co does not grow layer by layer since it
tation of M in the light referential 8, y=const), the peri-  pa5 5 |arger surface energy than Au. For this reason, we
odicity of VISMOKE with sample rotation is 27. This  ¢onsider only the A(822)/Co interface as a symmetry break-
means that a sample rotation af reverses the sign of g source for the VISMOKE calculations. The 5-AL Co
VISMOKE. layer is capped with a 7-AL Au overlayer foex situ
magneto-optic measurements.

When M is perpendicular to step edgesl(X), VI-
SMOKE is maximum since4— ) =0 or 180°. As can be |\ \ioKE AND VISMOKE EXPERIMENTAL RESULTS
seen from comparison of the first and the third term of Eq.
(5) the dependences of VISMOKE or PMOKE on the inci- MOKE ellipticity of the Au(7 AL)/Co(5 AL) film struc-
dence anglep are identical. ture deposited on a AB22) vicinal surface is measured at
VISMOKE arises from the cross ternsg e,y or e,,&,y. 1.95-eV photon energy for both polaH|f) and transverse
In general, the off-diagonal structural elements of the permit{H|IX) geometries of the external magnetic fiéld Figure 3
tivity tensor can be induced by sample rotation if the diago-shows the usual PMOKE ellipticity hysteresis loop at normal
nal elements (1, €55, €33 are slightly different. But, as can incidence ¢ =0) for a fieldH applied perpendicularH{IA)
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to the film. A small remanent signal is then measured as alane tilt of the external transverse magnetic field. The hys-
consequence of the weakly tilted spin configuration with reteresis loops, measured in transverse geometijx), and
spect to the film plane by an anglg . From the ratio be- for several sample orientation anglesFig. 4), can be de-
tween the remanentl.l mdeg to saturated(46 mdeg composed into square and S-shape contributions. Recall that
PMOKE amplitudes, one deduceg=1.4°. Figure 4 shows ¢=0 measured square hysteresis loops come only from
MOKE ellipticity hysteresis loops always at normal inci- PMOKE because of the residual out-of-plane component of
dencee=0, but in a transverse magnetic fielti|(x), for =~ M. The variation of PMOKE withw is depicted on Fig. 5.
several values of sample orientatien Pure square loops The absolute value of the MOKE amplitude remains nearly
were obtained foH applied alongY (a=+90°). They are ~constant under rotation of the sample aroanavhich means
only due to PMOKE, since both LMOKE, measured for thaty= vy, whatever the spin reorientation is in the plane. A
=0 and VISMOKE[B=0 at saturation and hence cas( residual fie]d—dependent ef_fect. can be due to the distribytion
—pB)=0] are vanishing in this configuration. The PMOKE Of step orientations or mlsallgnr_nent 'of the applied field
effect arises from the slight out-of-plane tilt of the easy axis(<2°). In agreement with an uniaxial anisotropy motféthe

by an angley, which may be estimated again tg=1.4°  coercive field varies as 1/sinand diverges ax=0° or
from the ratio between this PMOKE remanentl mdeg  180° i.e., wherH becomes perpendicular to the step edges
signal and its valug46 mdeg at saturatior(for Hilf). Note ~ (Fig. 6). o o

the relative independence of the MOKE signal withfor The second contribution to MOKE ellipticity is the
a=+90° in the 0.KH<0.35 kOe interval. Nevertheless, S-shape field-induced VISMOKE signal. The dependence of
we checked that the signal tends to vanish at higher (gl its amplitude witha is presented in Fig. 5. It reaches a maxi-
kOe). So, as expected; is decreasing frony, towards zero Mum, far greater than the square loop magnitude, when the
for large in-plane field. Note that PMOKE should cancel inMagnetization is saturated perpendicularly to the step edges,
the presence of two equivalent anisotropy axes tiltedypy 1-€- for (#—/)=0 or 180°(see Fig. 4: loops corresponding
—+1.4°, a situation expected in the case of a pure mirrof® 0° or 180j and vanishes for fieléi applied along the step
symmetry. In our case, another small structural perturbatio§d9esl(«—B)=90°] (see Fig. 4: loops corresponding to
clearly lifts this degeneracy and, experimentally, only one*90°). As predicted theoretically fop=0, its amplitude
easy axis survives. The scanning tunnel microso@eM)  Varies with sample rotation as casThe low mirror symme-
image of the AG322) vicinal surface[Fig. 2(a)] shows that Iry of the staircase fixes an2periodicity for VISMOKE, ie.,

the sample is slightly disoriented in azimuth with respect tolt "everses sign when rotating the sample by 180° ardund
the[21—1] direction, and therefore displays atomic kirjkge (Figs. 4 and %

zoom in Fig. Za)] always oriented in the same direction. The small dependence ofwith the applied field can be

; : e . also checked from thex=0 VISMOKE S-shape signal
This effect explains such an additional symmetry breaking. hich exhibits a maximum aflX= 1.1 kOe and sgtura![ges to

The absence of a second easy axis is confirmed by the simfenie . . ;
larity of the hysteresis loops exhibited for a slight out-of- a slightly lower value in higher field. The signal has already
shown its full decrease, with a value of about 1.3 mdeg for

10 T T T T T 500 T T T
Eﬁ 00'
E 400}
L3
E g 300f
'_Q" _______ _‘Q
g : I 200F
ﬁ -3 : 100f
Q VISMOKE |
= i
109550 0 90 180 %0 90 0 90
o [deg] o [deg]

FIG. 5. Dependence of thepE0) ssMOKE ellipticity for the FIG. 6. Variation of the in-plane coercive field with the sample
S-shape and square loop contributions as a function of the samptetation anglex measured from the step orientatiorHk. The full
rotation «. The S-shape contribution is fitted by a cosine function. line shows fit with the functiomd ,=H,/|sina|, H,o=55 Oe.
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FIG. 7. Variation of the MOKE ellipticity amplitude of the
square loop ¢=0° and 180f and S-shaped= +90°) contribu-
tions with the incidence angle at HIIy.

2.3 kOe(our maximum fielg Thusy can be considered as
field independent during the in-plane reorientation at lo
field in spite of the rather large miscut angle=11.4°.

As shown above, the field-induced MOKHE () hyster-

esis curves can be decomposed into S-shape and square |
contributions. The dependence of the S-shape magnitu

with the incidence anglep, for sample orientationgx=

+90°, is presented in Fig. 7. Despite previous discussio
here HIIy and thus the maximum of the S-shape signal is
obtained fora=*+90°. Associated variations of the square #

loop magnitude obtained fax=0, 180° are also shown. As
expected from Eq(5), PMOKE and VISMOKE are quasi-
constant while LMOKE varies quasilinearly witlh in the

n
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FIG. 8. (8 Variation of the differential optical reflectivitys
=(|rsd®=1rpplD/(Irsd?+|rppl?), measured for=0° (O) and &
=90° (M) as a function of the orientation ang}e of the optical
elements with respect to the sample. The calcul&@gd) ~ cos 2u
curves are represented by linegh) The difference AS(u)
=S,—g0(p) = Sp=0-(u) is related tOeﬁ. The dash-dotted line rep-
resents the-cos 2« variation and stands as a guide for the eye.

waceuracy oreg, we preferred to keep the sample fixed and

rotate all optical elements by an angle By this way, the
reflected light beam is surely fixed in position through all

ical elements. For structural determinatioregfwe used

optical setup with the following arrangement: laser—
polarizer—photoelastic modulator—sample—detector, in the
spirit of linear birefringence setuf}. The measured signal
found at frequency @ (w being the modulator frequencfor
=0is

S:|2w/|0:(|rss|2_|rpp|2)/(|rss|2+|rpp|2)-

When the optical elements are rotated by anglethe

(—30°, 30% interval. Since LMOKE is zero at normal inCi- eflection coefficients are replaced  by/ =r¢sco€ 1

dence, we can extract the PMOKE and VISMOKE effects

from the square loop and S-shape contributiong a0, re-
spectively. As expected, the variation [liMOKE)/d¢]=
—0.078 mdeg/° is identical in all cas€Big. 7).

The VISMOKE maximum amplitude at a=0,
otAesen /ey, is found to be equal to (B9i) mdeg at

erSinz,u, andrépfrpplcos’- ,u—rsssinzl p. The large contri-
butions to reflectivity signaB(u), which are not linked to

&5, cancel out by subtracting two successive measurements
performed fora=0 anda=90°, leading to

AS()=Ss=90°=Sa=0

saturation, although the saturated PMOKE amplitude for

HIA (y=90°), 0stcAenm, is (—23+48) mdeg. From the
VISMOKE/PMOKE ratio, we deducets/eqtco=(—0.15

+0.07)*=0.02 mdeg. Assuming,=2 AL and using the di-
agonal Co permittivityeq=—12.6+18.5, we deduce a
rather large value=1.42—9.38 for the optostructural co-
efficient.

V. OPTICAL DETERMINATION OF

€s

The value ofedts/eqtc, has been confirmed indepen-
dently from differential reflectivity measurements. Since

&x;= €5 COSa andey, = essina and as follows from Eqg3)

and (5), one finds a vicinal Kerip-structural contribution
(I)(struc)
p 1

@E,Struo: %pptSAsglsd sin2a+pptsBes/eqcosa, (7)

and analogously for the Kes-effect. The first term in Eq.
(7) is “structural VISMOKE,” the second one “structural
LMOKE.” There is no “structural PMOKE,” aseyy, &y

does not depend o#\ [see Eq.(3)]. Thus, in principle, it is
possible to determineg by varying «, i.e., rotating the film

2R pE(red) o ()T}

rQ+rppl?

tsCOoS 2u,
)

where T means complex conjugation. We used

rss=r' 2+ pdltsel cod a
and

_ (0 2 2 o

Fop=T o0+ piotsel sirf a,
wherer(Y, r(9) and p(?), p{2 are zero and second-order
diagonal reflection coefficients im;;, with i#j, respec-
tively, presented in the Appendix. Notice that does not
depend much ong,, r,s at ¢=30°, thus the dependence of
AS on &4 is only related top?), p{?), leading toAS~e?.
Experimental data relative to tig «) variations of a sample
in its remnant state ap=30°, for «=0° and 90°, and of
their differenceAS(u) are represented on Fig. 8. The experi-

mentally deduced differential curvig-ig. 8(b)] exhibits a
C cos 2u dependence wite=40 mdeg. In counterpart, sub-

around its normal axis. However, in order to get a betterstituting the complex value ofg obtained from MOKE mea-

155411-5



HAMRLE, FERRE JAMET, REPAIN, BAUDOT, AND ROUSSET PHYSICAL REVIEW B7, 155411 (2003

TABLE I. Reflection coefficients for a sandwiched ultrathin FM layer. For discussion of this table see the

Appendix.
Mps 2intm QN cose SzxsyzNz 8szy(an)2 N
(Npcose+N)[NoN,+(Nyp)? cose]| &4 gq EyxNz
I'sp 2intm QNp cose _szszyNz szNy(an)2+ N
(Np c0S@+N,)[NoN,+(Ny)? cose] £q £q ExylNa
) Np cose—N,
s Nocose+N,
0.7) _ (0,7) 2i7/QNOCOS‘P[8d_(an)2]
lss lss” = Pss tim 2 fm
(Ng cosg+N,)
2i7 QN cose
2)_ (2
r2=pPtimexs o *Wtfm(‘?xz&zx
O (an)z cose—N,Ny
PP (Npp)? cose+N,Ng
0 — (0m) 277 QNg oS¢ —(Np) *(£4— (Ny)?) +(N,)*(£4)%]
Top op = Ppp Lim - 2 2 fm
£g[NoNz+ (N cose]
2i 7 Q(N,y)2NyN,N, cos
1) — (1) _ 7 nf) INyNzNg @
Moo= tim(e e —
pp = Ppptim(€yz— xy) e NoN,+ (N) 2 Cos g 2 tim(ey,—&2y)
2i7 Q(N,)°Ny cose .
2)__ (2 Ey 7€
b = Phatimeyzezy e NN+ (Ny) 7 cos P Y724
surements and again assuming=2 AL, we deduceC ADWO) = p®BViO) _ p@avie) = (D) ¢ ()
=210 mdeg. So, sincAS(,u)~a§, optical measurements @ L@
give approximately half the value ofs given by the EY cos’ ¢+ 3EY sin 2y
VISMOKE/PMOKE ratio. Maximum measurement and cali- % E<ya> , 9)

bration errors could be=20%; thus this cannot explain the 1=(a) a

discrepancy between MOKE and optical determinations of 5E§< sin 2y+ Eé 'sir? g

es. This can be explained behind our simplified model aswhere (), ¢{?) are the diagonal permittivity tensor ele-

suming the step profiles of bo#, (simplified thicknesg,) ments of the &), (b) media, respectively. In order to restore

ande, (over thicknessy,). Taking into account the profiles usual boundary conditions at long range we choose to ex-

of e4(n) and e (n), different measurements give different press the difference between step boundary conditions and

integral informations? i.e., VISMOKE is proportional to those given by a planar interfaceD®" = p(®.pin)_ p(a.pin)

Jen)em(n)dn, PMOKE to [en(n)dn and AS  =(e{—e)[E®;E ;0] by a modification of the permit-

~[e5(n)dn. tivity tensor in the close vicinity of the vicinal interface; this

leads to nonzero off-diagonal permittivity elements. Assum-

ing that the difference between planar and vicinal boundary

conditions AD(9 — AD(P" s equally distributed between
The microscopic origin of the optostructural perturbationboth media(a) and (), we obtain structural off-diagonal

g5 can be associated to the difference between electronigermittivity element in(a) material

band structures for vicinal and planar interfaces. Another @_ 1, (b)_ (a)ye

contribution comes from the different boundary conditions of es —aleq —eq )SiN2y. (10

the electrical field at vicinal or planar interfaces. The simpleThis result can be applied to both types of area of vicinal

phenomenological model we propose assumes that the clagiterfaces, denoted on Fig(d as (I) and (s) and having

sical boundary conditions are not fulfilled if considering theorientationsw and — 90°, respective|y. Substituting these

mean optical plane of the vicinal interface, but are only validangles onto Eq(10), we found that these contributioriger

for each step tilted from this plane by the miscut anglesee  unit area give opposite sign foe,. Thus, suming weighted

Fig. 1(a@)]. Then, the boundary conditions between two iso-contributions from(s) and(l) area, we arrive at

tropic media(a) and (©), separated by a vicinal interface L b @) _ _

may be expressed by ed=(ed’ —ef”)(coS y—sin y)sin 2. (11)

VI. SIMPLE PHENOMENOLOGICAL MODEL OF g4
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In the case of a small miscut anglethe(s) area is much &,,. It is characterized by a2 symmetry behavior when
smaller than thdl) area and the contribution froifs) area  rotating the film around its normal axis. A phenomenological
can be neglected. Thus, considering only thearea,es ex-  origin of e has been proposed, predicting a linear variation
presses by Eq10). In the case ofy=45°, Eq.(11) leads to  of the VISMOKE with the degree of vicinality for small
es=0, as expected when new mirror plane symmetry apmiscut angles. As experimentally demonstrated, VISMOKE
pears. In the case of Co deposited on(229), Eq.(11) leads has to be considered in all MOKE studies relative to FM
to eg=—0.09-1.67. From this simple model about 18% of films grown on vicinal surfaces.
the experimental value can be accounted for. To get a more
guantitative agreement, refined calculations taking account
of the influence of the modified boundary conditions and the APPENDIX
perturbation on the electronic band structure are required. Reflection coefficients for an ultrathin EM layer sand-
From an experimental point of view, the spectral dependencgjiched between an infinite substrate and an overlayer
o_f &g can give some insight into the processes involved at thef thickness toe are presented in Table I. The term
vicinal interface. np=2ml\y, is the vacuum wave vector andQ

=exd4miN,toe/No] the influence of the overlayer. The
VIl. CONCLUSION other terms are defined inside the text. The total reflection

VISMOKE has been analytically predicted and evidenceacoeffICIents are given by a sum of partial contributions,
- - - o i =rOp O @) gnd  similarly  for  r,,;  the
in a Co film deposited on a AB22) vicinal surface, but it is ss S'St@ ke pp:
always expected for ferromagnetic films deposited on lowSUPErscripts’, = denote the order of perturbation of the
symmetry surfacedj.e., surfaces providing only one mirror Off-diagonal permittivity coefficients:;;, -], of the FM
plane symmetry Obviously, VISMOKE is never present in Iaygr. Table | gives aII.contrlbutlons tq reflecuop coefficients
a Co film grown on a high-symmetry surface, such agat first order of Fogr[er transformation Ry, i.e., when
Au(111). VISMOKE can provide a new way to investigate "ij=2a+btim, wherei, j={s,p}.
selectively the magnetic behavior and magneto-optical spec-
troscopy of interfaces. Magneto-optics on the second har-
monic generation of light can also be used for the same pur-
pose, but the possible investigated spectral range is up to We would like to thank B. Hillebrands for stimulating
now too limited to compete with VISMOKE spectroscopy. discussions on this subject. One of (&sH) would like to
VISMOKE comes from the interference between the opto-thank the Ministee Franais des Affaires Eangees for the
structural perturbatiors s induced by the lowering of inter- financial support of his stay in France. The CNRS has sup-
face symmetry and the usual magneto-optical perturbatioported this work through a contract on Material Science.
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