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Abstract—Spectral dependences of the polarization plane rotation angle (6,) in the polar Kerr effect in
Co/TiO, multilayer nanocomposite films have been studied in the 400—1000 nm wavelength range. It is estab-
lished that the sign, magnitude, and shape of the magneto-optical spectrum depend on the dielectric spacer
thickness and the number of layers in the structure. The Kerr rotation angle in Co/TiO, multilayers is signif-
icantly greater than that in homogeneous Co films of the same thickness. The angle of rotation of the polar-
ization plane reaches a record high value of 26, = 7.3° in the Co(5 nm)/TiO,(17 nm) multilayer structure with

number of layers n = 8§ at a wavelength of 540 nm.
DOI: 10.1134/S1063785012100227

The considerable interest in nanocomposite mate-
rials—in particular, nanocomposite films—is related to
their numerous unusual and practically important
properties, which are inherent in these materials and
make them promising objects for both basic and
applied research. There are two main types of nano-
composite film systems, representing (i) nanogranular
films that consist of ferromagnetic (FM) nanoclusters
distributed in a nonconducting matrix and (ii) peri-
odic nanodimensional structures (multilayers) of the
FM metal/nonmagnetic metal (or dielectric) types.
The magneto-optical properties of nanocomposite
films are extensively studied in view of their use as
magnetically active media for various magneto-optical
devices.

In particular, the enhancement of magneto-optical
effects observed in periodic film structures of magnetic
metal/dielectric type offers a new class of promising
magneto-optical materials [1, 2]. The dielectric spac-
ers in these systems have been most frequently repre-
sented by SiO, and Al,O; layers. As is known, the mag-
neto-optical properties of these heterogeneous struc-
tures are determined by the dielectric and optical
parameters of both magnetic and nonmagnetic layers
[1—4]. In this context, it was of interest to study the
magneto-optical properties of Co/TiO, multilayers,
since TiO, spacers possess higher optical characteris-
tics than those of SiO, and Al,O;.

Previously, we have studied the magneto-optical
properties of nanogranular Co—Ti—O films [5]. It was
found that the spectral dependences of the angle of
polarization plane rotation in the polar Kerr effect in
this system exhibited a resonant character with signif-
icantly enhanced magneto-optical response. The
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observed effect depended on the magnetic phase con-
centration and exceeded the analogous value reported
for a nanogranular Co—SiO, film [6].

This Letter presents the results of an investigation
of the magneto-optical properties of Co/TiO, nano-
composite films. The composite represented a
Co/TiO, multilayer periodic structure with the maxi-
mum number of bilayers » = 12, which were synthe-
sized in vacuum in a single technological cycle by
sequentially depositing Co and TiO, layers onto cover-
glass substrates using the ion-plasma sputtering and
reactive sputtering techniques, respectively. All layers
were deposited onto a relatively cold substrate (7' =
320 K). The angle of polarization plane rotation (6,) in
the polar Kerr effect and its spectral dependences were
measured using the null-analyzer technique with dou-
ble modulation of the plane of incident light polariza-
tion with respect to azimuth. The measurements were
performed at room temperature on a magneto-optical
setup operating in a wavelength range of A = 350—
1000 nm in magnetic fields up to 14 kOe. The accu-
racy of angle measurements was 0.2 arc min. The spec-
tral dependences of the angle of polarization plane
rotation in the polar Kerr effect were studied for nano-
composite samples with different thicknesses of the
dielectric spacers and various numbers of Co/TiO,
bilayers.

The influence of the thickness of TiO, spacers on
the spectral dependences of the Kerr rotation angle
was studied using a series of four-bilayer structures
with spacer thicknesses x = 10, 14, 17, 20, 25, and
30 nm. Samples with 10-nm-thick spacers exhibited
an almost monotonic spectral dependence of the angle
of polarization plane rotation. Figure 1 shows the
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Fig. 1. Spectral dependences of the Kerr rotation angle in
[TiO(x)/Co(5 nm)] x 4 multilayers with x = 14 (1), 17 (2),
20 (3), and 25 nm (4); curve 5 presents the spectrum of
a 20-nm-thick Co film.

spectral dependences of 20, for [Co/TiO,] x 4 layer
structures with various thicknesses of TiO, spacers (x =
14, 17, 20, 25 nm) at the same thickness of Co layers
(5 nm). As can be seen, the dependences of the angle
of magneto-optical rotation on the light wavelength
are nonmonotonic and exhibit extrema. The angle of
Kerr rotation in the multilayer structures is much
greater than that in a homogeneous Co film (curve 5)
and reaches a maximum value of 26, = 4.5° in the mul-
tilayer structure with x = 20 nm at a wavelength of
600 nm, while the narrowest resonance spectral curve
is observed at 540 nm for the structure with x = 17 nm.

The data presented in Fig. 1 indicate that the thick-
ness of TiO, spacers influences not only the shape of
the spectral dependence, but also the position of a res-
onance peak on the wavelength scale. As the TiO,
spacer thickness is increased, the maximum shifts
toward longer wavelengths. It should be noted that an
analogous behavior was observed for Co/SiO, multi-
layer films [3].

In order to study the influence of the number of
bilayers on the spectral dependence of the Kerr rota-
tion angle, we have prepared a series of Co/TiO, films
with the number of bilayers varied from n = 2 to 12 for
the constant thicknesses of Co (5 nm) and TiO,
(17 nm) layers. Figure 2 shows the spectral depen-
dences of 20, for these films with n = 2, 4, 8, and 12.
As can be seen from these data, the shape of the spec-
trum and the magnitude of the magneto-optical
response depend on # and the curves for multilayers
with n = 4, 8, and 12 exhibit a pronounced resonant
character. The position of the maximum rather weakly
depends on the number of bilayers, while the Kerr
rotation angle exhibits a nonlinear dependence on n
(Fig. 3) and reaches value of 20, = 7.3° in the multi-
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Fig. 2. Spectral dependences of the Kerr rotation angle in
[TiO,(17 nm/Co(5 nm)] x n multilayers with various num-
bers n of bilayers.

layer structure with » = 8 at a wavelength of 540 nm,
which is record high in comparison to multilayer films
with SiO, spacers [3].

The results of our investigation of the magneto-
optical properties of Co/TiO, multilayers qualitatively
agree with the well-known experimental data for mul-
tilayer metal/dielectric films [3, 7]. Theoretical calcu-
lations [4] based on the effective medium model for
these systems show that changes in the magneto-opti-
cal spectra of multilayers in comparison to those of the
initial metal are related to variation of the diagonal
component of the permittivity tensor, which is caused
by the presence of dielectric spacers.

The main results of our investigation can be sum-
marized as follows. It is shown that the sign, magni-
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Fig. 3. Plot of the maximum value of Kerr rotation angle
20, vs. number # of layers in [TiO»(17 nm/Co(5 nm)] x n
multilayer structures.
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tude, and shape of the magneto-optical spectrum of
Co/TiO, multilayer films depend on the dielectric
spacer thickness and the number of layers in the struc-
ture. The spectral dependences of the Kerr rotation
angle in Co/TiO, multilayers with number of bilayers
n = 4 and above exhibit a resonant character, whereby
the Kerr effect at the resonance is significantly
enhanced as compared to that in homogeneous Co
films. The angle of polarization plane rotation in the
polar Kerr effect reaches a record-high value of 20, =
7.3° in the Co(5 nm)/TiO,(17 nm) multilayer struc-
ture with number of bilayers n = 8 at a wavelength of
540 nm.
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