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The subwavelength tuned magneto-optical Kerr effect in L1j-FePt
films with perpendicular magnetic anisotropy”

Zhang Xia(3k #5)%, ShiLei(fi %), LilJing(Z &)%), Xia Yun-Jie( Z %)%,
Shi Zhong(itf 41)d*, and Zhou Shi-Ming(J& 4L #)d)

a) Shandong Province Key Laboratory of Laser Polarization and Information, Qufu Normal University, Qufu 273165, China

b) Surface Physics State Laboratory and Department of Physics, Fudan University, Shanghai 200433, China

C)Department of Optical Science and Engineering, Fudan University, Shanghai 200433, China

d) School of Physics Science and Technology, Tongji University, Shanghai 200092, China

(Received 10 March 2013; revised manuscript received 27 May 2013)

For L1¢-FePt films with strong perpendicular anisotropy covered by arrays of hexagonal close-packed polystyrene
spheres (PSSs), fine structures are observed in magneto-optical Kerr rotation spectra in the visible spectral range. The
reflection minima are found to be located at the same wavelengths as the Kerr rotation peaks. The Kerr rotation enhancement
is attributed to the excitation of both the surface plasmon polariton in the dielectric PSS/metal interface and the guide waves
(guide mode) in the PSS array. The two-dimensional PSSs/SiO,/FePt system exhibiting a tunable magneto-optical Kerr
effect and a high perpendicular magnetic anisotropy will be helpful for designing and fabricating magneto-optics devices.
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1. Introduction

The magneto-optical Kerr effect (MOKE) has been
used in magneto-optical recording media, isolators, and
sensors.[!™ In applications, a large MOKE is generally
required.  Fortunately, the chemically ordered L1y-FePt
film has a large MOKE and a high perpendicular magnetic

[5-7.301 'With spin-polarized Pt atoms and a large

anisotropy.
spin—orbital coupling, the chemically ordered L1y-FePt al-
loy shows a broad and bell-shaped dispersion structure in the
magneto-optical polar Kerr rotation 8x spectrum in the 2.0—
4.8 eV region.!”! Accordingly, a high spectral sensitivity can-
not be obtained in the visible region. It is noted that although
the bulk plasma resonance enhanced MOKE may occur,[!0-1%]
the plasma edge in L1o-FePt films is not located in the visible
region.!”]

In the past decades, subwavelength optics in nanostruc-
tures has attracted much attention because of its wide ap-
plications in optical devices.!!3~!>] The electromagnetic field
can be redistributed by surface plasma polariton (SPP) exci-
tation. Magnetic nanostructures in the subwavelength scale
may show peculiar properties, such as nonreciprocity,¢-18]
high sensitivity, and optical anisotropy.!!”-!®] With an exter-
nal magnetic field, the electromagnetic field is redistributed
and the MOKE could be modified by the localized SPPs.
For example, in Au/Co/Au trilayers, the MOKE enhance-
ment was observed due to the localized SPP excitation.!1%20]

Similar phenomena were also found in flat ferromagnetic
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films perforated by noble metal nanoslits,?!! nanoholes, **!
and nanodots.?>! The nature of all those phenomena is re-
lated to the subwavelength optics. In this paper, using the
facile method with a two-dimensional (2D) hexagonal close-
packed array of polystyrene spheres (PSSs) on the PSSs/SiO;
(5 nm)/FePt(20 nm) films, an enhanced MOKE is achieved in
the PSSs/SiO,/FePt system.

2. Experiment

A series of PSSs/SiO,/FePt samples with different PSSs
diameters were fabricated on MgO (100) single crystal sub-
strates. First, 20 nm L1y-FePt films were prepared on MgO
(100) single crystal substrates by dc magnetron sputtering at
substrate temperature 620 °C. In-situ post-annealing was per-
formed at the same temperature for 2 h. Subsequently, 5 nm
thick SiO; layer was deposited to improve the 2D array of
PSSs by self-assembly and to avoid the oxidization of the
FePt layer. The base pressure of the sputtering system was
1.0 x 1073 Pa, and the Ar pressure was 0.35 Pa during FePt
and SiO; deposition. The microstructures of the films were
characterized by X-ray diffraction (XRD) 626 scans using a
D8 Discover X-ray diffractometer with Cu K« radiation. The
long range chemical ordering is clearly revealed by the diffrac-

tion peak around 20 = 24° in Fig. 1(a).
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Fig. 1. (color online) (a) XRD pattern of SiO,/FePt films and (b) top-
view AFM image of the monolayer array of self-assembled PSSs on
Si0,/FePt films, with d = 400 nm.

The 2D arrays of PSSs were formed by self-assembly on
the SiO,/FePt films. A channel was made by an FePt film,
a parallel quartz slide, and a Cu line U-shaped spacer, where
the FePt film (bottom) and the parallel quartz (up) were sepa-
rated by the U-shaped spacer and clipped by two clamps. An
aqueous solution of PSSs was injected into the channel. After
drying in air, PSSs were aligned on the FePt films. In exper-
iments, PSSs with d = 400 nm, 500 nm, 600 nm were em-
ployed. Atomic force microscopy (AFM) was used to char-
acterize the structures of the samples. Figure 1(b) shows the
morphology of the PSSs/SiO,/FePt sample with d = 400 nm.
It can be seen that a well defined hexagonal close-packed array
is formed, where the lattice constant is determined by d.

3. Result and discussion

The magneto-optical polar 6k and Kerr ellipticity ex
spectra were measured at room temperature by using a home-
made Kerr spectrometer with a rotating analyzer. A A /4 wave-
plate was put in front of the analyer when the ex spectra were
measured. The incident angle was 5° in Fig. 2(a). Optical re-
flection R was measured by a reflectometer and normalized to
that of an Al mirror. The Kerr loops of SiO,/FePt (red line) and
PSSs/SiO,/FePt (black line) were measured at A = 510 nm,
and the results are displayed in Fig. 2(b). With the PSSs
(d = 600 nm) array on SiO,/FePt, 6k at the wavelength of
510 nm is enhanced by a factor of 2. The coercivity of the
sample is about 3.6 kOe.
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Fig. 2. (color online) (a) Schematic plot of magneto-optical polar Ok
and ex measurements and (b) polar Kerr loops of SiO,/FePt without
(dashed, red line) and with PSS array (d = 600 nm )(solid, black line),
where the wavelength is 510 nm.

Figure 3(a) shows Ok (black line) and &k (red line) spec-
tra of the L1g-FePt covered by 5 nm thick SiO;. In exper-
iments, the spectra of SiO,/L1¢-FePt are similar to those of
L1o-FePt,[® and the 5 nm thick SiO, has no impact on the
MOKE of L1¢-FePt. Both the 8k (black line) and &k (red line)
spectra exhibit an s-shaped dispersion in the visible region,
with a broad valley centered at A = 410 nm in the 6k spec-
trum and at A = 340 nm in the &g spectrum. Since Ok and &g
obey the KK relationship, we just focus on the 6 results.[*]
With 2D PSSs arrayed on the SiO,/FePt film with d = 400 nm,
fine structures appear in the 8k spectrum with alternative max-
ima and minima, as shown in Fig. 3(b). The 6k peaks and a
resonance-like Ok spectral structure appear. In the whole mea-
sured spectral region, O is enhanced. For clarity, the 8k peaks
are marked. The 5™ peak near A ~ d has a full width at half
maximum (FWHM) as small as 10 nm, and the 1%, the 4,
and the 6t peaks locating at 676 nm, 428 nm, and 331 nm,
respectively, are much broader than the 5™ peak. A resonant-
like structure centered at 498 nm apears, where the spectral
difference between the peak (2"9) and the dip (3") is about
20 nm and the Ok has a very steep spectral slop. The reflection
spectrum of PSSs/SiO,/FePt (400 nm) is displayed in Fig. 3(c)
(black line). The reflection dips are marked corresponding to
the Ok peaks. This suggests that the 8k enhancement and the
fine structure in the B spectrum arise from the optical prop-
erty modification. The wide and narrow R dips are suggested
to be induced by the SPP excited at the FePt/PSS interface and
the guide mode in the PSS array, respectively.?*>! Addition-
ally, the sharp and large peak at 360 nm is resulted from the
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substrate L1o-FePt film covered by 5 nm thick SiO,, its reflec-
tion spectrum is also displayed in Fig. 3(c) (red thin line).

Ok, ex/ (%)
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Fig. 3. (color online) The 6k (black line) and ek (red line) spectra of
(a) SiO,/FePt and (b) PSSs/SiO,/FePt, and (c) the reflection spectra of
PSSs/Si0,/FePt (black line) and SiO,/FePt (red thin line). Here the
external magnetic field H = 10 kOe and d = 400 nm.

Figure 4 shows the Ok and the reflection each as a func-
tion of the ratio d/A for the PSSs/SiO,/FePt with different d.
For clarification, the orders of all 8k peaks and the reflection
minima are marked. For d = 600 nm, the strong 2nd gpd 5th Ok
peaks are located near d/A = 0.79 and 1.02, respectively. The
weak 4™ and 6 O peaks are located near d /A = 0.95 and 1.3,
respectively. For all samples, the d/A position for a specific
order Ok peak is almost fixed when d changes from 400 nm to
600 nm. The wavelength of the specific Ok peak is approxi-
mately proportional to d. The peaks move in the short wave-
length direction with increasing PSS diameter, which may due
to the PSS dispersion./?®! The marked dips in the reflection
spectra show the same wavelength dependence as the 8k peaks
with varying d. For d = 600 nm, the narrow 2"¢ and 5" dips
appear at d/A = 0.778 and 1.0, respectively. The 3™ one is
located at d/A = 0.81, close to the 2" R dip. The 4™ and 6
shallow R dips are located at d/A = 0.93 and 1.2, respectively.
In Figs. 4(c) and 4(f), we can deduce that for all samples, the
Ok peaks correspond to the reflection dips one by one and the
Ok enhancement should be related to the changes in the optical
properties of the PSSs/SiO,/FePt system.

The MOKE is sensitive to the optical properties of
surroundings and the sensitivity can be described by S =
90k /(L) = IOk /IA(IA(A)/IA) 1,270 where 7i(A) is
the complex index of the material and depends on the wave-
length, that is, the sensitivity should be related to d6k/dA.
For the Bk spectra of the PSSs/SiO,/FePt system in Figs. 4(a)—
4(c), the 5" peaks near A = d are narrow and the larger

d0k/dA and high sensitivity are expected, which may make
the detection substantially feasible. In addition, the resonance-
like O structure near the 2" peak and the 3™ dip has a narrow
width for all the three samples, implying the high sensitivity
of the material.
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Fig. 4. (color online) The (a)-(c) 6k and (d)—(f) reflection of

PSSs/SiO,/FePt with d = 400 nm ((a) and (d)), 500 nm ((b) and (e)),
600 nm ((c) and (f)). Here, H = 10 kOe.

4. Summary

Using the facile method of PSSs self-assembly on a hard
magnetic L1¢-FePt film, both the perpendicular anisotropy and
the high sensitive MOKE signal can be acquired. With the SPP
mode and the guide mode excited in the PSSs/SiO,/FePt sub-
wavelength structure, the optical properties of PSSs/SiO,/FePt
are changed, and a high sensitivity is acquired, which may fa-
cilitate sensor fabrication.
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