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The deposition of a dielectric overlayer on top of Au/Co/Au multilayer films can significantly
enhance the magnetic field induced modulation of the surface plasmon polariton �SPP� wave
vector. This enhancement is analyzed as a function of the thickness of the dielectric overlayer
and the associated SPP electromagnetic field confinement and redistribution. The decrease in SPP
propagation distance is taken into account by analyzing an adequate figure of merit. © 2010
American Institute of Physics. �doi:10.1063/1.3512874�

Surface plasmon polaritons �SPPs� are evanescent waves
that propagate along a metal-dielectric interface. They can be
laterally confined below the diffraction limit using subwave-
length metal structures, rendering them attractive for the de-
velopment of miniaturized optical devices.1 Passive plas-
monic circuits have been extensively proposed and analyzed
in the last decade2,3 but active plasmonic configurations are
needed to achieve nanophotonic devices with advanced func-
tionalities. This requires systems where the plasmon proper-
ties can be rapidly modulated by an external parameter, such
as temperature,4,5 voltage,6,7 or electromagnetic radiation.8–10

The magnetic field is another interesting candidate to
control SPPs, since it is able to modify their dispersion
relation.11–14 For a magnetic field B applied along the inter-
face and perpendicular to the SPP propagation direction, the
SPP wave vector ksp can be described as

ksp�B� = ksp
0 + �ksp�B� , �1�

where ksp
0 is the SPP wave vector without applied magnetic

field. The modulation term, �ksp�B�, is proportional to the
off-diagonal elements of the dielectric tensor ��ij , i� j�,
which depend on the magnetic field.11–13 In noble �diamag-
netic� metals those elements are small but can be orders
of magnitude larger in ferromagnetic metals, where �ij
depends on the sample magnetization. Since optical
absorption in ferromagnetic metals heavily damps surface
plasmon propagation, we have developed hybrid magneto-
plasmonic multilayer structures consisting of low loss plas-
monic noble metal films and magneto-optical ferromagnetic
compounds.14–16 Using magnetoplasmonic microinterferom-
eters, we have recently demonstrated the modulation of SPP
wave vector in hybrid Au/Co/Au multilayers.16 However, the
practical application of a magnetoplasmonic interferometer
as an optical switch requires further optimization of
multilayer films to achieve the maximum possible SPP wave
vector modulation.

In this paper, we show that the deposition of a dielectric
layer on top of a metallic multilayer provides a sevenfold
increase of �ksp. We analyze in detail the performance of the
magnetoplasmonic interferometers in the presence of this
overlayer.

For a very thin Co layer, an analytical expression for the
modulation of ksp in an Au/Co/Au multilayer system �as in
Fig. 1 but with an infinitely thick dielectric overlayer� can be
obtained16
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where we have considered ��d�� ��Au�, being �Au the gold
dielectric permittivity and �d the dielectric constant of the
dielectric overlayer; h is the upper gold layer thickness and
therefore stands for the cobalt layer position; tCo is the thick-
ness of the cobalt layer; �Co and �yz

Co represent the diagonal
and nondiagonal elements of the complex dielectric permit-
tivity tensor for cobalt; kz

Au provides the SPP field penetration
in the metal layer;1,2 and k0 is the wave vector of light. As it
can be seen, the SPP wave vector modulation is proportional
to the square of the permittivity of the dielectric layer on top
of the metallic multilayer. Therefore, placing dielectric layers
with higher �d constitutes a simple means of increasing �ksp.
Covering the metallic multilayer with an infinitely thick di-
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FIG. 1. �Color online� Sketch of the magnetoplasmonic interferometer con-
sisting of a metallic Au/Co/Au trilayer covered by a thin dielectric film.
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electric other than air is not experimentally feasible but we
can analyze the effect of adding thin dielectric overlayers,
which can be seen as adding an effective medium with inter-
mediate dielectric constant.17

To that end, in the experiment we have employed the
same configuration as in Ref. 16, i.e., plasmonic microinter-
ferometers in Au/Co/Au multilayers, spin-coating the metal-
lic multilayer with a 60 nm film of polymethyl methacrylate
�PMMA� �n=1.49�. The Co layer thickness, tCo=6 nm is
equal for all samples, as well as the total metal thickness,
200 nm; the Co layer position, h, is varied from 5 to 45 nm.
Figure 1 shows a sketch of the system geometry. The plas-
monic microinterferometer consists of a tilted slit-groove
pair.18 When illuminating the interferometer with a
p-polarized laser ��0=633 nm�, light directly transmitted
through the slit, Ir, interferes with SPPs excited in the groove
and converted into free space radiation in the slit, Isp. Due to
the tilted slit-groove arrangement the light collected at the
back side of the slit exhibits a pronounced interference pat-
tern along the slit axes. The interference term is given by
2�Isp

�Ir cos�kspd�x�+�0�, where d�x� stands for groove-slit
distance. An external periodic �1.4 kHz� magnetic field high
enough to saturate the sample �B	20 mT� changes the
magnitude of ksp and thus shifts the plasmonic interference
pattern. This leads to a variation in the intensity synchronous
with the applied magnetic field at each point of the slit. As-
suming Im��ksp��0, this intensity variation can be ex-
pressed as �I=−4�Isp

�Ir�kspd sin�ksp
0 d�x�+�0�. Dividing

the contrast of �I by the contrast of the optical interference
term �4�Isp

�Ir� gives us �kspd from where, d being known,
we can extract �ksp.

Figure 2 compares �ksp for Au/Co/Au trilayers with dif-
ferent h coated by a 60 nm layer of PMMA �triangles� with
data without coating �dots�. The SPP wave vector modulation
decays exponentially with h, as expected from Eq. �2�.16

More interestingly, for every Co layer position, �ksp is
higher for the trilayers covered by PMMA, corroborating the
theoretical prediction about the SPP modulation enhance-
ment caused by the dielectric layer.

We have compared experimental data with theoretical
modeling based on a transfer matrix formalism that incorpo-
rates magneto-optical effects.14,15 In the calculations we used
values for �Au, �Co, and �yz

Co experimentally determined for

our films by ellipsometry and polar Kerr spectroscopy.15 The
obtained results for the metallic layer covered by 60 nm of
PMMA �red line� and without coverage �black line� are also
plotted in Fig. 2, and show an excellent agreement with the
experimental values.

The increase in the magnetoplasmonic SPP modulation
due to the addition of a dielectric overlayer can be quantified
in terms of the enhancement factor �ksp

d /�ksp
0 , with �ksp

d the
SPP wave vector modulation for the system covered with a
dielectric film and �ksp

0 the modulation for the uncovered
system. From the data shown in Fig. 2, we infer an enhance-
ment factor of 4.5 for a 60 nm overlayer thickness when
h=5–15 nm.

It is important to choose the optimum thickness of the
dielectric overlayer, which delivers the maximum possible
enhancement factor. Figure 3�a� shows the calculated evolu-
tion of the modulation enhancement factor as a function of
the PMMA thickness for a trilayer with h=15 nm. Instead of
a monotonous increase with the PMMA thickness �ksp

d goes
through a maximum at around 110 nm, where the enhance-
ment reaches a value of 7, and then decreases until reaching
a saturation value of 5 around 650 nm. This behavior is
related to the SPP electromagnetic field redistribution caused
by the presence of a dielectric overlayer �see the three panels
in Fig. 3�c��:17 a thin dielectric layer causes a waveguiding
effect providing the strongest confinement of SPP electro-
magnetic field for tPMMA	100 nm. As a consequence, the
normalized SPP magnetic field intensity at the position of the
cobalt layer �Fig. 3�b�� exhibits a nonmonotonous behavior
similar to that of the enhancement factor, supporting our ex-
planation. These two curves are not exactly equivalent be-
cause �ksp also depends on �d �Eq. �2��, which effectively
increases as the thickness of the overlayer grows.

FIG. 2. �Color online� Evolution of the SPP wave vector modulation with
the Co layer position for a set of metallic multilayers covered with 60 nm of
PMMA and without coverage.

FIG. 3. �Color online� �a� Calculated modulation enhancement �left axis�
and SPP propagation distance �right axis� as a function of the thickness of
PMMA coverage for an Au/Co/Au trilayer with h=15 nm. �b� Normalized
magnetic field intensity calculated at the center of the Co layer. The dashed
line marks the thickness value used experimentally, 60 nm. �c� Normalized
magnetic field intensity distribution along the vertical direction for three
PMMA thicknesses: 0, 100, and 700 nm. The different background colors
account for the different materials in the structure.
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It is well known that the addition of a dielectric over-
layer decreases the propagation distance in SPPs, Lsp.17 Fig-
ure 3�b� shows this effect in our system, where we observe
that the reduction on Lsp is indeed quite strong. This could
preclude the application of these dielectric covered Au/
Co/Au multilayers in actual devices, so a compromise be-
tween the modulation enhancement and the propagation
distance of the SPP has to be achieved. In fact, for magne-
toplasmonic interferometers the full intensity modulation
depth is proportional to the product �ksp�d. Therefore, the
product �ksp�Lsp represents an appropriate figure of merit
to analyze the performance of this system.16 In Fig. 4 we plot
this product as a function of the dielectric film thickness for
metallic trilayers covered by dielectric layers of different re-
fractive indexes. The decrease in Lsp is compensated by a
much stronger rise in �ksp resulting into the overall increase
for the figure of merit as a function of dielectric overlayer
thickness td. Moreover, this increase is higher for materials
with a higher refractive index.

To summarize, we have demonstrated that the deposition
of a dielectric overlayer on top of noble/ferromagnetic metal
multilayers leads to a significant enhancement of the mag-
netic field induced modulation of the SPP wave vector. The
analysis of the figure of merit shows that the modulation
depth of a magnetoplasmonic switch can be increased de-
spite of the strong reduction in SPP propagation length,
which allows to reduce the size of the device. Therefore, this

finding represents an essential step toward miniaturization of
active magnetoplasmonic devices.
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