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Although the rotation angle and its spectrum of the magneto-optical Kerr effect are physical quantities deter-
mined inherently by the material itself, we found that they can widely be designed by utilizing a one-dimen-
sional photonic crystal with a ferromagnetic defect layer. By suitable choice of the film structure, the rotation
angle at a designated narrow wavelength is resonantly enhanced up to as several hundred times larger as ordi-
nary rotation angle of the magnetic material. This is originated by the localization of light at the magnetic layer

inside the film.
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I. Introduction

agnetic films which exhibit large magneto-optical

(MOQ) Kerr rotation gK at such a short wavelength as
the blue laser wavelength are, nowadays, of a great
interest'™ from requirement for the read-out signal detect-
ability of ultra-high density MO-recording media with 100
Gbits/inch?® density. The magnitude of 8, which is the mate-
rial constant, is generally in the order of 107 degree at room
temperature.? Multiple-reflection of light is wusually
employed for the 8; enhancement by coating a dielectric
overlay such as 5i0, layer on magnetic filtm, but the
enhancement is limited to be at highest in the order of 1
degree.? In this article, we demonstrate theoretically and
experimentally a huge 0, enhancement exceeding larger
than several degrees at a designated narrow wavelength by
the localization of light®® in a one-dimesional photonic crys-
tal with a ferromagnetic defect layer. This technique is
based on the multiple interference of light in the multilayer
structure, and the huge 6; enhancement occurs as a result
of light resonance in a micro-cavity.” This is applicable to
both Kerr (reflection mode) and Faraday (transmission
mode) effects.

I1. Methods

Optical and magneto-optical properties of the one-dimen-
sional photonic crystals with a ferromagnetic defect layer
were analyzed using the matrix approach, the detail of
which has already described elsewhere.!?
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Fig. 1. Structure of the magneto-optical films. The films have
multilayer structure of [SiO,/SiN]xk/Co/[SiN/Si0 )%k with the
stacking number of k. The multilayer films were formed on
fused quartz substrates using a multi-target sputtering appa-
ratus. The thicknesses of all layers were changed correspond-
ing to the designated localization wavelength of light, and
were controlled with £5% accuracy. The magneto-optical Kerr
effect of the films was measured with a linearly polarized
light which was incident almost normal to the film plane.

Fig. 1 1is the film structure used for the experiment to ver-
ify the theoretical prediction. The flm structure is
expressed by [Si04(dgn)/SilN(dg)]>*k/Col(dq o) [SIN(dgy /510,
(dgo)xk, where dgp,, dgy and dg, are the thicknesses of the
individual layers and % is the stacking number of the dielec-
tric multilayers. These parameters crucially affect the opti-
cal and magneto-optical properties of film. The films were
fabricated with a multitarget sputtering apparatus by
depositing each layer sequentially. The refractive indices of
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8i0, and SiN layers at A=633 nm were 1.50 and 2.18,
regpectively.

ITII. Results and Discussion

Fig. 2 is an example of the Kerr rotation 6y spectrum (the
bottom figure) and the reflectivity B spectrum (the top fig-
ure) of the film with dg,=117 nm, dy=80 nm, d,=20 nm
and k=4. The 0, peaks appeared at A=438.7 nm and 521.0
nm are considered to be caused by merely ordinary 6
enhancement by the multiple reflection of light in the
dielectric layer. This situation is shown in Fig. 3 (a): The
light intensity distribution inside the film is mostly confined
in the incidence side of the dielectric layer, indicating that
the multiple reflection occurs between the dielectric layer
and the Co interlayer. In addition to these 6, peaks, another
sharp 0, peak which accompanies a strong R- reduction
appears at A=725.2 nm. The light intensity distribution is
shown in Fig. 3 (b). In this case, the lizht is concentrated at
the location of Co layer, indicating that this 6, peak is origi-
nated from the localization of light at the Co interlayer.
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Fig. 2. R- and Op-spectra of the [SiOy/SiN]x4/Co/[SiN/SiO,]x4
film with dg,=117 nm, dg=80 nm and d;,=20 nm. The open
circles and the solid curves are, respectively, measured and
calculated data. The material parameters used in the calcula-
tion were as the following: dg,=117 nm, dg=81 nm and
do=20 nm with refractive indices of 1.50 for the 8i0, layers
and 2.12 for the SiN layers. Since the Co film did not satu-
rated magnetically with the magnetic field of 15 kOe applied
to the film normal, we used the 38% values of the off-diago-
nal elements'? by maintaining their wavelegth spectra.
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Fig. 3. Calculated distributions of light in the multilayer film
in Fig. 2 at wavelengths of 521.0 nm and 725.2 nm. The cal-
culation was done with the numerical parameters described
in the caption of Fig. 2. The propagation direction of light is
from left to right.

On the basis of the above results, further calculations
were performed by changing dyn, dgy and dg, and keeping
k=4, to seek the optimum film structure for the localization
of light. It was revealed from the calculations that there
exists an optiraum thickness of the Co layer (dno=(dpo)y,) to
strengthen the localization of light. The value of (dqg),,, to
give the strongest localization is determined by the follow-
ing way: With increasing dq. 6 increases until it reaches
180 degrees, and then 8, abruptly changes its sign from pos-
itive to negative. The critical value of d.q that 8 reverses
gives us (dgplopt. For dgy=111 nm and dg=89 nm and
A=780 nm, the estimated value of (dyg),, 15 46.6 nm.
According to the caleulated result, a film with the above
parameters was fabricated. The results are shown in Fig. 4.
In agreement with the calculation, a very large gy peak
exceeding 10 degrees appears at A=780 nm. The narrow 8y
peak suggests that ©; enhancement occurs resonantly
through the spatial localization of light in the vicinity of the
Co layer.

Even for such an extraordinary 6; enhancement, all prop-
erties of the MO Kerr effect are retained. The MO Kerr hys-
teresis loop of this film measured at A=780 nm is shown in
Fig. b, where a magnetic field was applied to the film nor-
mal. Due to the large demagnetizing field of Co thin film,
the magnetization component normal to the film plane
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Fig. 4. R- and qF-spectra of the [Si04/SiN]x4/Co/[SiN/3i0,]x4
film with dg,=111nm, dg=90 nm and d.,=50 nm. The open
circles and the solid curves are, respectively, measured and
caleulated data. The material parameters used in the calcula-
tion were as the following: dgn=111 nm, dg=88.5 nm and
d,=51.5 nm with refractive indices of 1.50 for the SiO, lay-
ers and 2.12 for the SiN layers. We used the 45% values of
the off-diagonal elements of Co'® by maintaining their wave-

length spectra.
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Fig. 5. Magneto-optical Kerr loop of the multilayer film in
Fig. 4 at the wavelength of 770 nm.

which contributes to 8y is small under the field up to 15
kQe, so that the magnetization curve varies linearly with
the field. The similar field dependence of 8y indicates that
the Kerr rotation arises from the rotation of the polarization
plane of the linearly polarized light.

Another noticeable feature of this technigue is that the 8y,

dyy=71 nm, dg, =60 nm, d.,=54 nm and k=4. The 6 and R
spectra of the film fabricated by this prescription is shown
in Fig. 6. A slight shift of wavelength appearing the localiza-
tion of light from the designed value may be attributed to
the deviation of the layer thickness.

A disadvantageous point of the present technique for engi-
neering applications is that the huge 6; enhancement
always accompanies a large reduction of R, i.e. 6, and R are
a trade-off relation to each other. A measure to raise reflec-
tivity retaining large 6y is to use the film structure with
slightly off-resonant condition at the expense of a slight
reduction of the 0, enhancement. As available 6 of the Co
layer used in the present study was small, one must use
easily saturable films with perpendicular magnetization
such as rare earth-transition metal amorphous alloy films.

IV. Conclusion

We showed that magnetic media with huge MO Kerr rota-
tion at a designated narrow wavelength interval can be
realized via the localization light in the multilayer struc-
ture. This technique is expected to use a wide variety of MO
applications such as MO recording, optoelectronics, MO
sensing, and so on.
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