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Magneto-optical effects in multilayers illuminated by total internal reflection
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This paper describes the magneto-optical effects of metallic multilayers under the condition of total internal
reflection. In the framework of Green’s dyadic technique, we detail a practical and at time-consuming scheme
to compute accurately the optical properties of anisotropic multilayers deposited on a substrate. We present
numerical simulations which account for the variation of the angle of incidence at a fixed wavelength and for
the variation of the wavelength at fixed angle of incidence. The Kerr rotation is found to increase significantly
around the critical angle for total reflection. We also discuss the importance of plasmon effects in the structure
of the Kerr rotation spectrdS0163-18209)00708-Q

[. INTRODUCTION optical effects. Section Ill recalls the anisotropic aspect of
magnetic films. Section IV shows numerical results obtained
The magneto-optical Kerr effect has become an importanen bilayers composed of a nonmagnetic matewal) and a
magnetic characterization technique in the field of magnetignagnetic materia{Co).
ultrathin films and multilayers, and is also used in optical
reading device$? Most studies consider the Kerr effect in Il. OPTICAL PROPERTIES OF AN ANISOTROPIC
external illumination by varying the angle of incidence MULTILAYER SYSTEM
and/or the thickness of the magneto-optical thin fififs.
Other experiments investigate the variation of the incident
photon energy at a fixed angle of incideriéeRecent works Our theoretical analysis of the propagation of electromag-
study the Kerr effect of multilayers made of magnetic mate-netic fields through an arbitrary anisotropic multilayered
rials by illuminating through a transparent substrate at a fixegtructure is based on scattering theory. In this theory, one
angle of incidence and as a function of the waveleri§tby ~ describes the scattering of waves relatively to a reference
at fixed wavelength as a function of the angle of incidehce.system. In the context of multilayers, it is convenient to
These last papers have brought to the fore the role of surfagghoose such a system as the single surface geometry made of
plasmons in the magneto-optical signal. two semi-infinite isotropic medi&: Let £,(z,w) be the fre-
In this paper, we analyze accurately the variations of thejuency )-dependent dielectric function profile of this sur-
reflectivity and the magneto-optical Kerr rotation module asface system.
a function of the angle of incidence from a theoretical point Assuming that the fields have an harmonic time depen-
of view. We underline the role of resonance phenomena imlencee™'“! in Maxwell's equations, the vectorial wave
the multilayer structure. This resonance occurs at an anglegquation satisfied by the electric field (s is the speed of
close to the critical angle for total reflection and/or when alight in vacuun):
surface plasmon is excited. The numerical method used for
these calculations is based on the Green's dyadic N e o - -
technique® which is introduced below. We focus our study —VXVXE(r)+ ggl(z,w)E(r)=V(z,w)E(r). D)
on the Kerr effect of magneto-optical thin films deposited on
a glass substrate. The films are illuminated through the sulor z>0, &,(z,») corresponds to the dielectric function of
strate beyond the critical angle for total internal reflection.the external medium:
The two polarization modes TE and TM are considered for
the incident electric field associated with the laser beam. In £1(z,w)=¢,(w),
the TE mode, the incident electric field is perpendicular to o ) ) .
the plane of incidencéhe so-calleds polarization, whereas while, for z<0, £,(z,») is given by the dielectric function
this field is parallel to it in the TM modéhe p polarization. ~ Of the substrate:
The reflectivity and the Kerr rotation module are com-
puted as a function of the angle of incidence in the far field. £1(2,0) = esuf 0).

This study will also be done at a fixed angle as a function o ; o - : ;
the incident wavelength in order to simulate a spectroscop;rhe perturbation dyadiv(z,w) is defined by(Fig. 1

A. Scattering theory

experiment. 2
In Sec. I, we will describe the principles of the method \7(z,w)=w—[fsa(w)—§(z,w)] (z>0), 2
used for computing the optical properties and the magneto- c?
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The introduction of the Fourier transforni®)—(9) in Eq.

"*“""_’”’ (4) leads to a one-dimensional vector Lippmann-Schwinger
e.(®) Az medivm equation:
a
¥, = » = " ' e \NT( > =L
"/ | multiayer F(z;kH)=Fo(z;k”)+fAdz 9(z,2";kpV(Z',w)F(Z";Kk)).
system (10)

The numerical analysis is based on the discretization of this
last Lippmann-Schwinger equatidh.
The source coordinate’ being positive, forz>0, the

T “: dyadic g(z,z';k) is the sum of the dyadic Green tensor
" subsirate associated with the external medigy(z,z’;kj) and the sur-
face respons@(z,z’;K)):
g__(w)
sub

9(z,2";k)=90(z,2" k) +9s(z,2"; k). (11)
N < ici :

FIG. 1. Geometry of the system. We definer +ze,, r’ Forz<0, the dyadic is reduced to one term

:ar‘i +,Z’ez—,> and k=k”+kzez,. and the cylindrical coorQinates (:i(Z,Z';EH): 5;(z,z’;|z||). (12)

(e, e,, e,) are used to define the Kerr effect. The radial coor-

dinateé,, is aligned along the reflected wave vector.

B. Green’s dyadic for a surface system
\*/’(Z,a,)zo (z<0). (3 Here we detail the analytical structure @{z,z’;IZH). We
first precise the two possible values of the wave-vector com-

ponent alonge, (kf=kZ+k2):

g(z,w) is the dielectric tensor of the multilayered structure
which is located in theipper zplane ¢’ >0). The structure

of this tensor is not limited to magneto-optical materials. It w2
can account for any kind of linear anisotropy. ko= \/ —¢&a— kﬁ, (13
The solution of the scattering problem is given by the c?

Lippmann-Schwinger equation

2
E(F)=E°(F)+ EX(P), @ Keut= \/ %ssub— 2. (14

where E(r) and ES(r) are the incident and the scattered , _ -
field. The scattered field is given I is the domain where N the case where>0 andz’>0, we find, forgs(z,z";k;),

\7(2’,(»)7&0] ~ o ekalz?l 2 c? _
90(2.2" k)= — \1_ 2 Q) +——Ldo(z=7'),
=S\ — SrRr S 7 (5! =2 a [ORE-FY W €4
ES(r) dr'G(r,r’";w)V(Z',w)E(r"). (5)
A (15
In this last equationG(r,r’;») is the Green’s dyadic de- with
fined by[ 8(r —r") is the Dirac delta functioh -7
kZ kyk kyk
2 X Xy 7—7" xRa
N N o > > w o > - - > >
—VXVXG(r,r"w)+—e1(z,0)G(r,r";0)=18(r—r").
c? < 2 |z—2'|
©6) 0= kyKy Ky — KyKa
The planar symmetry of multilayered structures allows to |z—2'| 1z—2'|
introduce the following Fourier expansions for the fields and —kika —kyka k2
the propagator involved in Eqé4), (5), and(6): z—z -z 16
- s 1 I
E(r)= Ff dkHF(Z;kH)e'k”'rH, (7) The tensor
T 000
R L [={0 00 17
EO(I’)Zm dkHFO(z,kH)e I, (8) 0 0 1

accounts for the depolarization of a discretized cell which
,;,;w)zi dke®1-1g(z,2;k). (9 has the shape of a very thin filth.The dyadicgs(z,2';K))

G(r
47 describing the surface response wlzen0 is
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9s(z,2";K))
. KZDyxtkiDyy  Kyky(Dyx—Dyy)  kjkyDy,
=2 keky(Dyx—Dyy) KDy +kiDyy  KjkyDy, | ,
|
KiKyD 2y kjkyD kfD,,
(18
where
D..= c? 2ka85ub_ksub9a eika(z+2") 19
XX w’e, *Kaesubt Ksuea  2iKa
o _Ka~kap el (20
okt Koy  2ik,
D..— 2 Kagsub— Ksutf a eika(z‘*'Z') 21
2 wzsa a ||kassub"'ksubga 2ik,
2 K.s b_k o eika(Z+Z')
D= - kak”ka su+ksu a S , (22)
wE, asub™ Ksurfa IKa
C2 K.go—k eika(Z+Z')
D,,~ 2 Ra€sub™ Ksufa 23)

a)zsa | KagsupT Ksuga  2iKa

Forz<0 andz’>0, the dyadicg(z,2’;k)) is only due to
the response of the surfagg(z,z';kj) which has the same

structure as Eq(18) but with the following coefficients:

2
C kak ) :
DXX= —i —2 a—SUbelkazrflksubz,
02 Kagsupt Ksufa
_ ikaz' —ikgyz
Dyy_ ka+ ksube ’ -
2
c k k . .
D,y=—i — a—”elkaz’ ~iksuz,
0? KagsupT Ksufa
2
c k ) .
D,,=—i - Lwe'kaz/ _'ksubz,
02 KagsupT Ksufa
2 2
D,,=—i ¢ K aikaz' ~iksuz.

—I _—
02 KagsupT Ksufa

C. Far-field properties

Considering the reflected electric field in the far field al-
lows some analytical simplifications. In the case of illumina-

(24)

(29)

(26)

(27)

(28)

tion through the substrate, the reflected field readsq)

é e:i d_)f) |Z ikQ||'r] 7iksut;
((1) 5 | dkf(kpeile :
4

where

(29
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*,(|ZH)=fAdz’g”;(o,z';E“)V(z',w)ﬁ(z’;lz“). (30)
The transmitted field is then given byg>$0)

>

Et(r):_zj diyf (ke neka?, (31
4ar

where
ﬂ(|2”):fAdz'[ﬁo(o,z';le)Jr§s(o,z';|ZH)]\7’(z',w)lf(z';lz”).

(32

In the simple case where the incident field has the form of a
plane wave, we have, of course,

Fo(z; k) =Ae*su?5(q — k) + Are s 5(q— k) (2<0),

(33
Fo(z:k)) =Aze*as(q—k)) (z>0), (34)
where we normalize the TE mode according to
A=e,, (35
. ke ka-
v ksub+ kaex’ (36)
. 2Ksup -
AZ_ I(sub+ kaexy (37)
and the TM mode as follows:
A=—cosfe,+sinbe,, (39
- Ksuga—Kagsub > >
A;=————(cosbe,+sinde,), (39
! ksub9a+ kassub( y z
. 2k e € R N
sz( —cosfe,t+sinoe,). (40

Ksuteat Kasub

0 is the angle of reflectiong, is the angle of transmission,
qj=sin e, andq=(w?/c?)e,(z,w). For the reflection, the
scattered field29) is then reduced toz<0):

- - 1 . L
E ()= —[Ar+f(q)]el e s, (41)
4
The reflectivity outside the multilayer then arises as

R=———5—. (42

The transmitted field31) is also reduced toz(>0)

- o e
Ei(r)= — [Ax+ ft(qH)]e'qH"He'kaZ. (43
A

The normalized transmitted power reads



PRB 59 MAGNETO-OPTICAL EFFECTS IN MULTILAYERS ... 5939

Aot fual® Retky)
A2 Relke’

(44)

-50

D. Kerr and Faraday effects

The Kerr effect is described by a rotation of the plane of
polarization of the reflected field relatively to the incident
field. The Faraday effect is the same phenomenon for the
transmitted wave. A set of cylindrical coordinatésg. 1)
based on the reflected wave vector is introduced by

dielectric tensor elements
-150 —-100

- - - 0.5 1 1.5
fr o(kp =", (kp)sino—f, ,(k)cosé,

A (pm)

f. (k)=f, (K)cosh+f, (Kj)sin,
(k) =Try (k) r2K)) FIG. 2. Variation of the Au dielectric tensor elements as a func-

- S tion of the incident wavelengthsolid line: Reg); dashed line:
fr,x(kH):fr,x(k”)- (49) Im(a)].

The Kerr rotationgb¢ and @ and the ellipticities?{ and
@ correspond to the real and imaginary part of the follow-  The structures of the magneto-optical tensors are then de-

ing ratios: scribed by
frv‘f’(le) AT Y
@SZ—_):(DS‘FI(DS (TE), (46) o ﬂ 0
fr,x(kH)
Epolar— B a 0], (51)
f (K 0 0
o= g sier (Tw). (47 “
fro(kp
Similarly, the Faraday effect in the transmitted field is de- a 0 —-p
scribed by using a set of cylindrical coordinates based on the o 0
transmitted wave vector in the,(w) medium: € ongitudinal™ @ . (52
R R R B 0 «a
ft,p( k”) = ft,y( k”)sin O+ Ty kH)COSGt ,
f, ¢(|ZH):_ft (E“)Cosgt+ftz(|z“)sin 0, The complex coefficien is smaller than the diagonal
’ Y ’ terms of the tensor. The nondiagonal elements transform an
ft,x(IZH):ft,x(le)- (48) incident rectilinear polarized wave into elliptic reflected and

transmitted waves. In the figures discussed below, the sys-
The Faraday rotations; and 8, and the Faraday ellip- tems are always illuminated through the glass substrate, and
ticities B and 8, are defined by we used the optical data of Au and Co in Ref.(Egy. 2) and
S P the magneto-optical coefficients of Co from Refs. 13 and 14,

f, ¢>(|ZH) which are cast together with the optical constants in Fig. 3.
Bs=— = -=BstiBs (TE), (49)
fex(Kp) | —
B r =TT 4
fox(Kp) _ P
== BptiBy (TM). (50 T
Potigkp PP . X0 ..o

IIl. MAGNETO-OPTICAL TENSORS

In the case of magnetic materials, the dielectric function is
actually a nondiagonal tensor. For ultrathin films or multilay-
ers, the magnetization vector may have components perpen-
dicular to the film plandso-called polar componenand in
this plane(so-called longitudinal componentere, for sim-
plicity, we will consider pure polar or longitudinal configu-
rations, and we therefore assume that the films are uniformly
magnetized. The films must be in a magnetic single-domain F|G. 3. variation of the Co dielectric tensor elements as a func-
state. This can sometimes be obtained in a remanent state @n of the incident wavelengthisolid line: Reg); dashed line:
by saturating the films by applying an external static magim(a); dot-dashed line: R¢f) (ten times magnifiexl dotted line:
netic field (perpendicular or parallel to the film plane Im(B) (ten times magnified.

dielectric tensor elements

A (pm)
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FIG. 4. Forn=0.633 um, reflectivity of a 50-nm-thick Au film FIG. 5. For the same system as in Fig. 4, and far=a44.5°,

deposited on a glass substrate for both (@&shed ling and TM variation of the reflectivity for both TE and TM modes as a function
(solid line modes, as a function of the angle of incidence. Theof the incident wavelength.
incident field illuminates the film through the substrate.

Beyond 43°, we find the well-known plasmon resonance
IV. NUMERICAL RESULTS of the gold film occurring at the gold/air interface at 44.5°
(Fig. 4). This plasmon resonance can also be seen on the
reflectivity curve as a function of the incident wavelength

To check the reliability of the numerical technique, we (Fig. 5): it corresponds to a minimum of the reflectivity. The
calculate the reflectivity as a function of the angle of inci- numerical method is thus able to account accurately for well-
dence of a 50-nm Au layer on a glass substrate. In the caknown phenomena involving isotropic materials.
culations, we approximate that the index of refraction of the
substrate did not vary as a function of the incident wave-
length.

We illuminate the film at =0.633 um through the sub- We now apply the numerical scheme to a thin film of Co.
strate by varying the angle of incidence. This corresponds t€o is a ferromagnetic material which has a great absorption
the so-called Kretschmann-Raether configurafiea excite  compared to Au. Its plasmon resonance, as a result, must
surface plasmons at the air/gold interface. A plasmon rescappear for a smaller film thickness.
nance is a surface mode which occurs at a metal/air interface. We set a 13-nm thin film of Co deposited on a glass
It depends on the metal film thickness and especially on theubstrate; this thickness has been chosen in order to obtain
absorption of the considered metal. A plasmon resonance dfhe deepest plasmon resonance in the reflectivity curve be-
a thin metal film may occur in the Kretschmann-Raetheryond the critical angle.
setup if we have the following conditions. First, the incident In Fig. 6(&), for the TM mode, we recognize the region
wave must be TM polarized. Second, the incident wavebetween 41.8° and 43° corresponding to the virtual modes
vector component which is parallel to the interfaces mustiscussed above for the gold film. The plasmon resonance
match the one of the surface plasmon. Third, the metal thickappears in the reflectivity curve as a function of the angle of
ness must be small compared to the incident wavelength tmcidence at9=51°.
allow the incoming wave to reach the air/gold interface by We can see at first that when the reflectivity decreases in
optical tunneling. This last condition is fulfilled for a 50-nm Fig. 6(a), the Kerr rotation module increases in Figbgfor
gold film atA =0.633 um, and the second condition is sat- both magnetizations of the Co film. This phenomenon is ex-
isfied if #=44.5° for which the plasmon excitation frustrates plained by the fact that, when the reflectivity decreases, the
the total reflection and appears as a sharp digFig. 4). In  light wave goes through the magneto-optical material and, as
this figure, we also see a region between the critical anglea result, the Kerr rotation inside the Co layer becomes sig-
corresponding to the total reflection at 41.8°, and 43° wheraificant by multiple reflections.
the reflectivity increase¢Fig. 4). This narrow peak corre- For the TM mode, a peak appears in the Kerr rotation at
sponds to virtual modes which create oscillations of the rethe plasmon resonance (51°) for both magnetizations. In Fig.
flectivity as a function of the metal film thickness, just like a 7, between 600 and 750 nm, the plasmon resonance appears
dielectric film would do but without damping: it is the same as a shoulder to the left of the wavelength 950 nm for which
behavior, just like the interferences in the reflectivity curvethe real part of the magneto-optical coefficights extremal
in a Perot-Fabry interferometer which displays minima andn Fig. 5. Because Co has a relatively high absorption, the
maxima of the reflectivity as a function of the dielectric film peak corresponding to the plasmon resonance for Co appears
thickness. Indeed, for angles in this peak, if we calculate theoftened in Fig. 7.
reflectivity as a function of the gold thickness, we would find  For a small Co film thickness, in the polar magnetization,
an oscillating exponential decrease of the reflectivity whichin both TE and TM polarizations, the Kerr rotation module
confirms the presence of these virtual modes which occushows a minimum as a function of the angle of incidence just
within the skin depth of a metal, since the exponential decawt the critical angle in Fig.®), which is 41.8° for a glass/air
is due to the metal absorption. interface. For the TM mode, a maximum corresponds to the

A. Plasmon of a Au thin film

B. Cobalt
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FIG. 6. Forn=0.633 um, (a) reflectivity of a 13-nm-thick Co film on a glass substrate for both(@i&shed linpand TM (solid line)
modes as a function of the angle of incideng®;variation of the Kerr rotation moduleb| of a 13-nm-thick Co film thickness for the TE
(dashed ling and TM (solid line) modes for polar magnetization, and for the Tdotted ling and TM (dot-dashed linge modes for
longitudinal magnetizatiofmagnified ten times as a function of the angle of incidence.

plasmon resonance of Co at 52Fig. 6b)]. For the TE  without constraint in the infinite planes parallel to the inter-

mode, the reflectivity does not show any anomaly, and théaces. However, correct interpretation must be sought in the

Kerr rotation module has a stable behavior as a function offjuantum-mechanical theory, including the spin-orbit

the angle of incidence beyond the critical anfffég. 6(b)]. coupling?®

In the longitudinal magnetization, the behaviors are the same

as in the polar magn_etization, but a _slight differer)(_:e is shown C. Bilayer ColAu

for the TE mode: instead of a dip at the critical angle ) ]

(41.8°), we have a small increase of the Kerr rotation mod- Ve now discuss a bilayer made of 10 nm of Co covered

ule [Fig. 6(b)]. by 50 nm of gold deposited on a glass substrate. For the TM
We can notice a different order of magnitude in the inten-mode, by addition of a small cobalt film thickness to the gold

sity ranges of the Kerr rotation module for both polar andfilm. the mean reflectivity level as a function of the angle of

longitudinal magnetizations. The Kerr rotation module isincidence[Fig. 8@] decreases when compared to a Au film

more important for the polar magnetization as compared téFig- 4. It reaches the Co level because the cobalt film is

the longitudinal case. This phenomenon is explained by th€lose to the substrate. We can see in Fig) &hat the bilayer

fact that when a magnetic static field is applied on the elecCO/Au has a plasmon resonance at 44.4° at the Au/air inter-

trons, they are submitted to the Laplace foreed X éo, face, which is similar to what we saw in Sec. IV A, where we

where —e is the charge of an electrom, its speed, and had a Au film deposited on a glass substrate. A kind of

= . - . . Brewster angle appears as a minimum around 70° for the
By the applied magnetic field. This force creates the rotation - A

L reflectivity curve in Fig. 8) for the TM mode. It could also
for the electrons. As a result, the electrons motion is con-

X . . - L appear if we increased the gold film thickness. The plasmon
strained by the film thickness in the longitudinal case, is th q h | o
whereas it is not for the polar case: the electrons can movgs. Sonance 1S t erefpre softened. In the polar magnetization,

' for the T™ mode[Fig. 8b)], the Kerr curves also display

this gold plasmon resonance as a significant peak at 44.4°.

Sr———— T —] For this polarization, the plasmon resonance also appears as

1 a peak at 633 nm in the Kerr rotation module as a function of
ol 1 the incident wavelengtfFig. 9a)] because gold has a deep
A 7

plasmon resonance at the Au/air interface.

For the TE mode, nothing special appears in the reflectiv-
ity curve except the classical increase as a function of the
angle of incidence while the Kerr rotation module curve dis-
plays a dip for the critical angle at 41.8°, as we saw earlier
for a single cobalt film[Fig. 8b)]. Indeed, if we carefully
observe both reflectivity and Kerr rotation module curves for
e A e the TE mode in the polar magnetization, we can conclude
0.5 1 1.5 that the dip corresponding to the Kerr rotation curve as a

X (um) function of the incidgnt angle does _not correspond to a plas-
mon resonance. This can be explained by the fact that both

FIG. 7. For the same system as in Fig. 6, and fop-as1°  reflectivity and Kerr rotation curves as a function of the in-
variation of the Kerr rotation modulgb| for the TM mode as a  cident wavelength do not show the plasmon resonance at 633
function of the incident wavelength for the polar magnetizatonnm, such as the TM mode shoWsigs. 8a) and 9a)].

(solid line) and the longitudinal magnetizatigmagnified ten times; For the longitudinal magnetization, in the TM mode, we
dashed ling see the plasmon resonance of Au as a peak in the Kerr rota-

12| (deg)
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FIG. 8. Forn=0.633 um, (a) reflectivity for both TE(dashed lingand TM (solid line) modes as a function of the angle of incidence
of a 10-nm-thick Co film covered by a 50-nm-thick Au film on a glass substtbjeariation of the Kerr rotation modulgb| for the TE
(dashed lingand TM (solid line) modes as a function of the incident angle for the polar magnetizg@pwariation of the Kerr rotation
module|®| for the TE (dashed lingand TM (solid line) modes as a function of the incident angle for the longitudinal magnetization.

tion module as a function of the angle of incidenddg.  we see the plasmon resonance in the Kerr rotation module
8(c)], and also in the spectrum at 633 ffig. Ab)]. On the not only in the TM mode, but also in the TE mode. The
other hand, the TE mode shows a peak followed immediatelplasmon resonance gives rise to a simply shaped peak in the
by a dip, corresponding to the plasmon resonance at 44.4° iiM mode. In the TE mode, the peak has quite a different
the Kerr rotation curve as a function of the angle of inci- structure, not only as a function of the angle of incidence but
dencgFig. 8c)]. The plasmon is well identified at 633 nm in also as a function of the wavelength. Basically, it looks like
the spectrum of Fig. @). However, for this magnetization, the spectral response of a damped oscillator. Thus the direc-

-~
T T T T T T T T T T T T T T d T T T T T T T T T T T

|®| (deg)
|®| (deg)
0.05

A (um) A (um)

FIG. 9. For the same system as in Fig. 8, and f&*=a44.4° (a) variation of the Kerr rotation modulgb| for the TE (dashed lingand
TM (solid line) modes as a function of the incident wavelength for the polar magnetizétjovariation of the Kerr rotation moduled| for
the TE (dashed lingand TM (solid line) modes as a function of the incident wavelength for the longitudinal magnetization.
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FIG. 10. ForA=0.633 um, (a) reflectivity for both TE(dashed lingand TM (solid line) modes as a function of the angle of incidence
of a 50-nm-thick Au film covered by a 10-nm-thick Co film on a glass subst(bleariation of the Kerr rotation modulgb| for the TE
(dashed linpand TM (solid line) modes for the polar magnetization, and for the (@iBtted ling and TM (dotted-dashed linemodes for the
longitudinal magnetizatiofmagnified three timgsas a function of the incident angle.

tion of the applied static magnetic field is very important in amode. For the Au/Co system, the plasmon resonance must be
study of the Kerr rotation under the condition of plasmonthe same as that of the Co/air interface, which should appear
resonanc¢see Figs. &) and 9b)]. around 51° in the reflectivity curve as a function of the angle
For the TE mode, it is very important to notice that, in the of incidence. The shift of this angle to 44.4° is due to the
longitudinal case, & component appears in the scatteredpresence of the Au film.
field which was absent in the incident electric field. This is' e can see, at first, that the intensity range of the Kerr
due to the form of the dielectric tens(&2), and particularly  ¢yryes|cf. Fig. 10b)] is smaller than in the bilayer studied
to the element 5. This scattered field excites the plasmon yq\iously. This is due to the absorption, not only of Co but
resonance at the gold/air interface_. This cannot occur inthgiso of Au. Indeed, the optical field is already drastically
TE mode for the polar magnetization because, in this casggyceq when reaching the anisotropic Co film. For the polar
only components parallel to the interfaces are created, a agnetization, the critical angle appears as a significant dip

]Eggg cannot excite a plasmon resonance at the gold/air NteE1 the Kerr rotation curve as a function of the angle of inci-

Thus the optical effects related to the plasmon resonanc%er?ce[':'g' 1'(Ib)']. For all magnetizations and all mmqent .
appear in the spectrum between 550 and 700 nm, wherez%?t'caI polarlz_atlon modes, the plas_mon resonance arises in
the peak centered on 950 nm has a different origig. 5): it the Kerr_ rotation module as a function of the angle of inci-
corresponds to the spin-orbital effects of the Co layer, and€ncelFig. 10b)].
especially to the extremal values of the nondiagonal ele-
ments which appear in the dielectric tensors of(Egs.(51)
and (52)]. The influence of the maximum absolute value of
Rep (see Fig. 3is found in all Kerr spectra as a broad peak
between 900 and 1000 nm. This broad peak is not related to Using a numerical application of Green's dyadic tech-
any optical or plasmon effect. Peaks occurring between 50@ique, the Kerr rotation spectra have been carefully studied
and 800 nm are thus attributed to optical or plasmon effect®eyond the critical angle for total reflection . Particularly, the
of thin films. excitation of surface plasmons in Au/Co bilayers by a TE

incident field has been shown to be due to the anisotropic
D. Bilayer Au/Co dielectric tensor of magneto-optical materials. In the spec-

We set 50 nm of Au covered by 10 nm of Co deposited orfrlum of the Kerr rotations, this study brings to the fore the
a glass substrate. By addition of a small cobalt thickness tglifference between the plasmon effects which appear be-
the gold film, the reflectivity level is close to that of a single tween 550 and 700 nm, and the spin effects which appear
Au film deposited on a glass substridg. 10a)]. between 800 nm and Jum. This has some importance in

For the TM mode, the plasmon resonance still exists, anthe interpretation of the Kerr rotation measurements.
takes place at the Co/air interface; it appears as a minimum
in the reflectivity curve at 44.4° in Fig. 8. For the TM
mode, the dip in the reflectivity curve as a function of the
angle of incidence corresponding to the plasmon resonance
is larger for a thin cobalt film as compared to a gold one.
This is due to the greater absorption of the cobalt film. We acknowledge the financial support of the Regional

The plasmon resonance occurs at the same angle for tgouncil of Burgundy, of the Ministe de la Recherche sci-
Co/Au system and also for the Au/Co system for the TMentifique, and of the CNRS.
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