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The resonant excitation of surface magnetoplasmons in Faraday configuration is studied via
spectroscopy of the longitudinal magneto-optical Kerr effect (LKE) in two-dimensional
nickel-based magnetoplasmonic crystals. The fulfillment of phase matching conditions for
surface plasmon-polaritons using both reciprocal vectors of the magnetoplasmonic crystal allows
tuning of the LKE enhancement in the wide spectral range.VC 2012 American Institute of Physics.
[doi:10.1063/1.3679574]

I. INTRODUCTION

The use of plasmonic and photonic resonances for the
realization of magneto-optical effect enhancement in nano-
structured materials has been studied in the past several
years.1,2 Both local3 and propagating4 surface plasmons were
used to control the magneto-optical response of nanopar-
ticles3 and multilayer structures.5 One of the up-to-date
approaches for the observation of magnetoplasmonic effects
is the use of magnetoplasmonic crystals, which are bounda-
ries between magnetic and nonmagnetic media with subwa-
velength nanostructuring.4 By analogy with their close
counterpart, magnetophotonic crystals,1,2,6–9 periodic nano-
structuring of magnetoplasmonic crystals leads to modifica-
tion of the light propagation in these materials. Recently,
magneto-optical effect enhancement was realized in one-
dimensional magnetoplasmonic crystals.4 Two-dimensional
periodicity provides the possibility of spectral tuning of the
phase-matching conditions for surface plasmon-polaritons
(SPPs) via the superposition of two reciprocal vectors of the
structure. In this paper, the longitudinal magneto-optical
Kerr effect (LKE) is studied in two-dimensional magneto-
plasmonic crystals. Enhancement and resonance of the Kerr
rotation are observed and are attributed to the resonant exci-
tation of magnetoplasmonic modes in the Faraday
configuration.

II. THEORY

The dispersion relation kspp(x) for the surface plasmon-
polariton propagating along the boundary between media
with permittivities of e1 and e2 can be written as10

kspp ¼
x
c

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
e1e2

e1 þ e2

r
: (1)

If one of the media is gyrotropic with a magnetization M
directed along its surface (along the x axis), then the permit-
tivity tensor e_ will be written as follows:

e_ ¼
e 0 0
0 e ieQ
0 #ieQ e

0

@

1

A; (2)

where Q is the normalized gyrotropy vector. Let us assume
that SPP propagates along the x-axis with ksppkM: In the
case of Q $ 1; one can replace e with11

eð16QÞ (3)

for a gyrotropic medium in the concerned configuration.
This is a Faraday configuration for magnetoplasmons.12 In
this configuration, superposition of the two coherent compo-
nents of SPPs with different dispersion relations appears.
The wavevectors of the components can be obtained by
replacing e1 in Eq. (1) with e1(16Q) as follows:

k6 ¼ x
c

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
e2ðe16e1QÞ

e2 þ ðe16e1QÞ

s

¼ x
c

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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s
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In the case of Q $ 1,

ð16QÞ1=2 ' 16
1

2
Q; (5)

16
e1Q

e1 þ e2

" ##1=2

' 1( 1

2

e1Q
e1 þ e2

: (6)

Finally, by neglecting terms proportional to Q2, one can
obtain the dispersion relation of the two magnetoplasmonic
components in the following form:13
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(7)

The splitting of the dispersion relation of two magnetoplas-
monic components can be treated as two separate dispersion
laws for “left-” and “right-” conically polarized magneto-
plasmons. The total effect of polarization rotation in the
beam reflected from the surface can be treated as a Faraday
effect for magnetoplasmons.

The dispersion law splitting can be probed by analyzing
the longitudinal magneto-optical Kerr effect spectrum. If a
surface is magnetized along the plane of incidence, LKE
presents itself as a rotation of the polarization of the reflected
beam. A flat nickel surface demonstrates a smooth and
slowly changing wavelength dependence for the LKE spec-
trum, whereas a magnetoplasmon has a narrow wavelength
range to excite. One can observe a LKE spectrum in the pres-
ence of magnetoplasmons near frequencies of its excitation
in order to study the enhancement of the polarization rotation
caused by the “magnetoplasmonic Faraday effect.”

When a plasmon propagates along a periodically modu-
lated surface, its dispersion law is distorted, leading to the
appearance of a plasmonic bandgap. Plasmons with a fre-
quency lying within the plasmonic bandgap cannot propa-
gate along a surface with any wavevector, whereas at the
bandgap edges effects caused by a strongly nonlinear disper-
sion law can be observed.

III. EXPERIMENTAL

The experimental sample of a 2D magnetoplasmonic
crystal was a hexagonally packed array of nickel disks with a
height of approximately 50 nm and a diameter of 250 nm,
fabricated on top of bulk nickel. The distance between the
nearest disks is 465 nm. A SEM image of the sample is
shown in Fig. 1.

The sample has three directions of periodicity. The peri-
odic structure of the sample can be described by a hypotheti-
cal lattice with crosspoints placed on the centers of the disks.
The reciprocal lattice of the sample has six reciprocal vec-
tors, shown by solid blue arrows (labeled “G”), the directions

of which coincide with the directions of periodicity of a 2D
magnetoplasmonic crystal. Reciprocal vectors can contribute
to the fulfillment of phase-matching conditions for effective
SPP excitation, which can be written as

kspp ¼ LðGÞ # kjj; (8)

where kjj is the projection of the wave vector of the incident
light to the surface of the sample and L(G) is a linear combi-
nation ofG-vectors. Figure 2 shows the series of experimental
reflectance spectra measured as a function of azimuthal angle
and wavelength. The azimuthal angle w is defined as the angle
between kjj and one of the reciprocal vectors. There are two
particular phase-matching condition configurations in the case
of a 2D hexagonal lattice for each of six equivalent reciprocal
lattice vector directions. The first phase-matching condition
appears if kjj is parallel to G and kspp simultaneously. It
involves a single vector G and corresponds to w¼ 0), 60).
The second type of phase-matching is observed at w¼ 30),
90), as two non-collinear G-vectors are involved symmetri-
cally. The spectral position of the dip in reflection spectra
observed in the spectral interval between 700 and 750 nm is
attributed to SPP excitation. The dip shifts with the azimuthal
angle due to changes in the phase-matching conditions. The
six-fold symmetry of the spectra over the azimuthal angle cor-
responds to hexagonal ordering of nickel disks on the nickel
surface.

The experimental setup for magneto-optical measure-
ments includes a filament lamp as a light source with a
monochromator to separate and tune a wavelength. Behind
the monochromator a polarizing Glan prism is placed. The
sample is fixed at the two-axes rotation stage to control its
azimuthal angle and angle of incidence. The saturating mag-
netic field of 3 kOe is applied along the direction of inci-
dence. The second Glan prism analyzes the light polarization

FIG. 1. (Color online) SEM image of the experimental sample of 2D magne-
toplasmonic crystal. The diameter of the disks is 250 nm, the distance between
the nearest disks is 465 nm, and the height is 50 nm. Six arrows (one of them
is labeled as “G”) stand for reciprocal vectors of 2D magnetoplasmonic crys-
tal; the dashed arrow is for kk, and two vectors labeled “kspp” are for “kspp”.

FIG. 2. (Color online) Experimental reflection spectra of the 2D magneto-
plasmonic crystal sample. Reflectance is denoted by the colorscale. The
angle of incidence h¼ 45). The calculated spectral positions of the spectral
resonance caused by SPP excitation are shown by dashed curves. The blue
vertical band toward the right of the figure, moving with the azimuthal
angle, represents a dip that is attributed to the SPP excitation. The periodic-
ity of the graph is caused by the rotational symmetry of the sample.
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state to extract the Kerr rotation angle. The magnetic field
sign alternation allows one to extract a low Kerr signal from
the background.

Figure 3 shows the LKE spectrum measured at h¼ 45)

and w¼ 30) for a p-polarized incident beam. The reflectance
spectrum of the p-polarized wave is represented in Fig. 3 by
the solid blue curve. The spectral position of the LKE reso-
nance correlates with the SPP-resonance position. This can
be attributed to energy coupling from the incident beam to
SPPs propagating in the gyrotropic medium and then being
re-emitted from it. The sensitivity of SPPs to magnetic field
yields LKE resonance in the vicinity of their excitation fre-
quencies. It can be interpreted as magnetoplasmon excitation
in a Faraday configuration with magnetization along the
plane of incidence. The asymmetrical Fano-type line shape
of the LKE resonance is in agreement with previously pro-
vided calculations.13

IV. CONCLUSION

A surface magnetoplasmon excitation in 2D magneto-
plasmonic crystals is observed via measurement of the longi-

tudinal magneto-optical Kerr rotation spectrum. The
periodicity of magnetoplasmonic crystal allows one to excite
surface plasmon-polaritons by fulfilling the phase-matching
involving reciprocal vectors of 2D magnetoplasmonic crys-
tal. The small difference in dispersion laws for left- and
right-conical components of surface magnetoplasmons in the
presence of magnetization leads to resonant changing of the
longitudinal Kerr effect spectrum. The difference allows one
to treat the polarization rotation phenomenon with magnet-
ization directed along the propagation direction of the mag-
netoplasmons as a Faraday effect for magnetoplasmons. The
asymmetrical shape of longitudinal Kerr effect resonance
can be treated as a result of interference between reflected
light and light re-emitted by magnetoplasmons.
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incidence is 45); the azimuthal angle is 30).

07A946-3 Chetvertukhin et al. J. Appl. Phys. 111, 07A946 (2012)

Downloaded 13 Mar 2012 to 93.180.48.250. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions

http://dx.doi.org/10.1063/1.370120
http://dx.doi.org/10.1134/1.1533780
http://dx.doi.org/10.1016/j.jmmm.2008.11.064
http://dx.doi.org/10.1016/j.jmmm.2008.11.064
http://dx.doi.org/10.1063/1.3533260
http://dx.doi.org/10.1103/PhysRevB.76.153402
http://dx.doi.org/10.1088/0022-3727/39/8/R01
http://dx.doi.org/10.1103/PhysRevB.78.193102
http://dx.doi.org/10.1016/S0304-8853(02)01072-7
http://dx.doi.org/10.1016/j.jmmm.2004.04.058
http://dx.doi.org/10.1103/PhysRevB.23.2635
http://dx.doi.org/10.1117/12.752401

