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Abstract: We present in this work our current understanding on magnetoplasmonic structures, 

that is, systems whose constituents exhibit simultaneously magnetic and plasmonic properties. 

We analyze both the influence of the plasmon resonance on the magneto-optical properties of 

the system and the ability of the magnetic field to modulate the plasmon properties. In 

particular we show how, in magnetoplasmonic systems sustaining localized or propagating 

surface plasmons, the associated electromagnetic field enhancement gives rise to an 

enhancement of the magneto-optical activity. On the other hand, we have analyzed the 

modulation of the propagating surface plasmon polariton wavevector in noble 

metal/ferromagnet/noble metal trilayers by an external magnetic field. These phenomena can 

be addressed as new concepts for the development of active plasmonic devices. 
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1. Introduction 
During the last decades we have witnessed the development and fast growth of a new branch in optics: 

plasmon optics or plasmonics [1,2]. Surface plasmons (SP) are electromagnetic modes localized at the 

interface between two media with permittivity of opposite sign, such as those formed by a dielectric 

and a metal. They can exist in the form of propagating waves for extended metal films, the surface 

plasmon polariton (SPP) [3], or as localized resonances in small metallic particles, the localized 

surface plasmon (LSP) [4]. The application field of plasmon optics has become very broad, covering 

from the development of biosensors [5,6] or the design of optical nanoantennas [7] to the enhanced 

optical transmission on nanoperforated films [8]. In particular, by exploiting the confinement of SP to 

the metal-dielectric interface and their ability to overcome the diffraction limit, they are suitable 

candidates for the development of miniaturized optical (plasmonic) circuits [9]. However, in order to 

find new applications other than purely optical interconnections, it is necessary to add active 

functionalities to these SP-based devices, an area known as active plasmonics. The development of 

active plasmonics requires the use of materials or strategies in which the surface plasmon properties 

can be controlled by an external agent. To date, the feasibility of realization of active plasmonic 

devices, although still with limited applications, has been demonstrated by considering different 

control agents: temperature [10,11], electric field [12], or electromagnetic waves [13,14]. Another 

interesting candidate for being used as external agent, which we discuss in this paper, is the magnetic 

field.  

The magnetic field ability to affect the properties of surface plasmon polaritons in highly doped 

InSb semiconductors is already known [15]. This effect is governed by the non-diagonal elements of 

the dielectric tensor, ij, responsible for the magneto-optical (MO) activity and whose value is 

controlled by the magnetic field, which in this kind of semiconductors turn out to be relatively high 

under the presence of moderate magnetic fields. However, for noble metals, the ones usually 
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employed in plasmonics, extremely high magnetic fields (tens of Tesla) would be needed to obtain ij 

elements with a sizeable value, and therefore enough SPP modulation properties. Ferromagnetic 

metals, on the contrary, possess large MO activity, associated with their magnetization, and could be 

suitable elements for active plasmonics. Nevertheless, ferromagnetic metals present an important 

drawback in their high absorption, which implies that the associated plasmon resonances are too broad 

and the propagation losses happen to be too high. A feasible way to reduce such damping without 

losing MO activity is to combine noble and ferromagnetic metals, forming what we denote as a 

magnetoplasmonic system. By combining both kinds of materials in smart structures we intend to 

obtain systems which simultaneously exhibit fair plasmon resonances and large enough MO activity, 

so that their SP properties are suitable for plasmon optics and can be modulated by means of a 

magnetic field. 

Moreover, we can also consider the reciprocal MO-plasmon interaction, that is, the effect that SP 

excitation has on the MO response in a magnetoplasmonic system. Within this context, a strong 

enhancement of the Kerr rotation and ellipticity has been already predicted in nanoparticle metallic 

layers due to the localized surface plasmon resonances of the nanoparticles [16]. Again here, when 

these studies focus on noble metals, high magnetic fields are needed to observe the predicted 

phenomena, and this value can be reduced when using instead ferromagnetic metals with large MO 

activity. For example, a strong reduction of the MO activity has been observed in nanoperforated Co 

films in the spectral region corresponding to the anomalous optical transmission [17,18]. On the other 

hand, a strong enhancement of such MO activity has been observed in Co nanoparticles and arrays of 

Ni nanowires, which has been attributed to the localized surface plasmon resonances of the metallic 

nanostructures [19-21]. All these effects are however highly damped because of the high absorption 

losses of the ferromagnetic metals, as mentioned above, which makes again the magnetoplasmonic 

systems an ideal system to both analyze the influence of the SP modes on the MO response and to 

design configurations to maximize this effect. 

In this paper, we present our current understanding on the phenomenology exhibited by 

magnetoplasmonic structures, analyzing their magneto-optical properties, their plasmonics 

characteristics and the intertwined effects between them. By the detailed analysis of three different 

configurations, we will show how in such systems it is possible both to enhance the MO activity of the 

system via surface plasmon excitation, and to modulate the plasmon properties via application of a 

magnetic field.  

The first system under study consist of Au/Co/Au nanodiscs [22], where we will show how the 

LSP excitation leads to an enhancement of the electromagnetic field within the MO active layer, which 

in turns produces an enhancement of the MO activity of the system when compared to the continuous 

Au/Co/Au layer. The same influence of LSP can be observed in systems where the constituents 

responsible for plasmon excitation and MO activity are spatially detached. This will be shown in the 

second kind of examined structures, formed by Au nanodiscs and Au/Co/Au continuous trilayers 

separated by a dielectric spacer [23]. Here the LSP excitation on the nanodiscs induces a redistribution 

of the electromagnetic field at the Co layer, and an enhanced MO activity occurs at those energies 

where the amount of electromagnetic field in the magnetic layer is increased. Finally, the third kind of 

structures will consist of continuous Au/Co/Au and Ag/Co/Ag trilayers [24,25]. In these systems, the 

MO activity upon plasmon excitation is more than an order of magnitude higher compared to that 

without plasmon excitation. This enhancement is due to two effects: A first one is of purely optical 

origin, associated with the decrease of reflectivity of the system due to the SPP excitation and the 

subsequent electromagnetic field enhancement in the magneto-optically active layer. The second one 

is related to the modification of the SPP wavevector by the magnetic field, which consequently 

changes the SPP coupling conditions. This magnetic field induced SPP wavevector modulation 

indicates that this kind of magnetoplasmonic systems are potential candidates for the development of 

active (magnetic field controlled) plasmonic devices. 
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Two MO effects will be considered in this work, both in reflection configuration. In the polar Kerr 

configuration the magnetization is perpendicular to the surface of the sample (figure 1(a)), and the 

variation of the polarization state (rotation,  and ellipticity, ) when a linearly polarized light beam at 

normal incidence is reflected is measured. In this configuration one is sensitive to the “sample-plane” 

(xy) elements of the dielectric tensor. The complex Kerr rotation ( =  + i) equals rps/rpp, where rps 

reflects the polarization conversion upon reflection induced by the MO properties and rpp is the 

“purely” optical complex reflection. In the other configuration, the transverse Kerr effect (figure 1(b)), 

the sample magnetization lies in the sample plane and perpendicular to the plane of incidence of the 

light, and the relevant magnitude is the change in reflectivity of p-polarized light when the 

magnetization is reversed, R/R. In this case, the measurement is sensitive to the “incidence-plane” 
(xz) elements of the dielectric tensor.  

 

2. LSP effects on the MO activity in Au/Co/Au nanodiscs 
As mentioned, the first system considered in this study consists of nanodiscs of Au/Co/Au, deposited 

on top of glass substrates, sustaining both MO activity and localized surface plasmons. The nanodiscs 

have been obtained by means of colloidal lithography [26-28] from sputtered Au/Co/Au trilayer films. 
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Figure 1. Scheme of the geometry and the relevant magnitudes for the two magneto-optical effects 

considered in this work: (a) polar Kerr configuration; (b) transverse Kerr configuration.  
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The composition of the films was kept constant (6 nm Au/10 nm Co/16 nm Au/glass), and the 

nanodiscs size was controlled by using latex spheres with different diameter (60, 75 and 110 nm). 

More details on the sample fabrication can be found in ref. [22]. Figures 2(a) and (b) show atomic 

force microscopy (AFM) images of the nanodiscs obtained using latex spheres of 60 and 110 nm 

diameters, respectively.  

The plasmonic properties of the nanodiscs have been characterized by conventional UV/Vis 

extinction spectroscopy. Figure 2(c) shows the obtained extinction spectra for the nanodiscs of 60, 76 

and 110 nm diameter. As can be observed, the spectra of all the samples are characterized by a peak 

associated with the LSP resonance whose position red-shifts as the disc diameter is increased, in 

agreement with that observed for pure noble metal nanoparticles. To highlight the effect of the 

incorporation of Co in the nanodiscs, we show in figure 2(d) the calculated extinction spectra of 
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Figure 2. (a), (b) AFM image of Au/Co/Au nanodiscs (6 nm Au/10 nm Co/16 nm Au) of 60 nm 

and 110 nm diameter, respectively. (c) Experimental extinction spectra of Au/Co/Au nanodiscs of 

different diameters: D = 60, 75 and 110 nm. (d) Simulated extinction spectra of nanodiscs 

composed of pure noble metal, pure ferromagnetic metal and the magnetoplasmonic trilayer. All 

nanodots have 60 nm diameter and a total height of 32 nm. 
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similar nanodiscs of 60 nm diameter and 32 nm total metal height whose composition have been 

varied from pure Au or pure Co to the Au/Co/Au trilayer configuration. As can be clearly observed in 

this figure, the Co nanodiscs have a much broader and shifted towards the blue LSP resonance than 

those made of pure Au, due to the optical properties of Co (high absorption and negative real part of 

the dielectric constant well in the UV). In the trilayer nanodiscs, where a thin layer of Co is 

incorporated, the LSP peak properties are mainly determined by the Au but also affected by the optical 

properties of the Co layer (the LSP associated electromagnetic field is feeling this layer too) and as a 

consequence it is slightly broader than that of pure Au nanodiscs and blue-shifted. 

Moreover, the effect of incorporating Co into the nanodiscs is also to introduce MO activity on the 

system. The MO characterization of these Au/Co/Au nanodiscs has been performed by means of Kerr 

spectroscopy in the polar configuration. The sample, placed inside an electromagnet that applies a 

magnetic field perpendicular to its surface, is illuminated at normal incidence by a monochromatic 

beam coming from a Xe lamp followed by a monochromator. By modulating the beam polarization 

with a photoelastic modulator, the Kerr rotation and ellipticity for each wavelength are determined 

[29]. In figure 3(a) we show a typical ellipticity versus magnetic field loop (hysteresis loop of the Kerr 

ellipticity) for the 60 nm diameter nanodiscs at normal incidence and at a fixed wavelength. As the 

magnetic field is increased, the Kerr ellipticity increases and reaches a saturation value for a magnetic 

field of around 12000 Oe. This value corresponds to the magnetic field needed to saturate the 

magnetization of the Co layer of the nanodiscs. (The particular shape of the hysteresis loop, very 

inclined, is due to the fact that in these samples the axis perpendicular to the surface normal is a hard 

magnetization axis.) The value of the ellipticity at saturation depends on the wavelength of the 

incident light, as is shown in Figure 3(b), where we present its wavelength dependence for nanodiscs 

of 60 and 110 nm diameters compared to that of a continuous Au/Co/Au layer with identical Au and 

Co thicknesses. Remarkably, the nanodiscs Kerr ellipticity spectra present peaks at the same energetic 

region as the extinction peak corresponding to LSP excitation. Moreover, the position of the maximum 

of the Kerr ellipticity is red-shifted as the size of the nanodiscs is increased, in agreement with the 

shift in the extinction peak. This allows us to associate the modification of the MO response of the 

nanostructures as compared to the continuous film to the presence of the LSP resonance. Furthermore, 

although the amount of Co in the continuous layer is nearly five times larger than that of the nanodisc 

layer, the magnitude of the MO effect is similar, which indicates that the LSP present in the 

nanoparticles lead to a large enhancement of the MO activity. This enhancement is more clearly 

visualized in figure 3(d), where we plot the total Kerr activity 
 of the 60 and 110 nm diameter 

nanodiscs normalized to that of a continuous Au/Co/film with the same composition and amount of 

material (i.e. multiplied by the filling fraction f).  

To further understand the origins of the MO effects observed and their correlation with the 

localized surface plasmons, we calculated the polar Kerr ellipticity for an array of Au/Co/Au 

nanodiscs with identical dimensions to those studied experimentally. This was done using a scattering 

matrix formalism adapted to treat materials with MO activity that allows an exact solution for the 

wave propagation in ordered arrays [30]. The formalism took into account all the interactions between 

the different nanoparticles as well as the substrate effects. The nanodiscs were modelled as sandwiches 

of three discs with diameters equal to those of the experimental nanodiscs. We have considered two 

types of geometries for the arrangement of the discs: triangular and square. The distance between the 

discs (lattice parameter) is determined by the surface coverage of the polystyrene spheres. The optical 

properties of the Au and Co that were used came from reference [24] and the MO constants of Co 

were extracted from the polar Kerr rotation and ellipticity spectra for the continuous Au/Co/Au film. 

Figure 3(c) shows the theoretical results for the continuous Au/Co/Au film and for the 60 and 110 nm 

diameter systems only in the triangular arrangement for clarity, since, for this coverage, the results 

obtained for the square arrangement do not present any noticeable difference. Both the presence of a 

peak in the Kerr ellipticity spectra at those energies where the LSP peak appears and its red-shift when 

the disc diameter increases are reproduced. The enhancement of the MO activity compared to that of 
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the continuous film also appears, although the values for the theoretical spectra were higher than the 

experimental ones. This effect was attributed to an overestimation of the active amount of Co inside 

the nanoparticles. This reduction could arise from a slight oxidation of the Co on the lateral of the disc 

since it was exposed to air [31]. 

We have also calculated the extinction spectrum of the discs layer and, in figure 3(e), we present 

the theoretical position of the extinction and ellipticity peaks as a function of the disc diameter. The 

theoretical results reproduced the trend observed for the experimental results: a red-shift of both peaks 

as we increase the size of the nanoparticles and a red-shift of the position of the ellipticity peak with 

respect to the absorption peak. Therefore, we can conclude that the structure observed in the polar 

1.8 2.4 3.0
-0.15

0.00

0.15

0.30

1.8 2.4 3.0
 

 CONT

 60

 110

 

 

K
e
rr

 E
lli

p
ti
c
it
y
 (

º)  CONT

 60

 110

 Energy (eV)

 

 

 

-15000 -7500 0 7500 15000

-1.0

-0.5

0.0

0.5

1.0


k

 

K
e

rr
 E

lli
p

ti
c
it
y
 (

a
.u

.)
Magnetic Field (Oe.)

(a)

(b) (c)

1.5 2.0 2.5 3.0

1

2

3

4

5

 

 

(
2
+
 ) N

P
/(

f*
(

2
+
 ) C

F
)

Energy (eV)

 D = 60 nm

 D= 110 nm

(d)

60 70 80 90 100 110
1.7

1.8

1.9

2.0

2.1

2.2

2.3

 

 

E
n

e
rg

y
 (

e
V

)

Disc diameter (nm)

 Extinction

 Kerr Ellip

 Theory 

 Theory 

(e)

Figure 3. (a) Ellipticity hysteresis loop for 60 nm diameter discs. (b) Experimental, and (c) 

calculated, Kerr ellipticity spectra for nanoparticles of two different diameters: 60 and 110 nm. 

The spectrum of a continuous Au/Co/Au film with the same layer thicknesses is included for 

comparison. (d) Total polar Kerr activity for Au/Co/Au nanodiscs with 60 and 110 nm diameter, 

normalized to that of a continuous film with the same amount of material. (e) Position of the 

extinction and Kerr ellipticity peaks as a function of the nanodiscs size. Dots and lines represent 

experimental and theoretical positions, respectively. 
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Kerr spectra was indeed related to the LSP of the Au/Co/Au nanoparticles. The plasmon excitation 

produces an enhancement of the electromagnetic field located in the MO active material of the system 

(the Co layer) giving rise to the overall MO activity enhancement. The red-shift of the position of the 

ellipticity peak with respect to that of the extinction peak could result from the different wavelength 

dependence of the optical and MO constants. 

 

3. LSP effects of Au nanodiscs in the MO activity of Au/Co/Au continuous films 
The analysis of the Au/Co/Au nanodiscs has demonstrated that SP excitations modify and enhance the 

MO activity of the system. However, in principle it is not necessary that the surface plasmon 

responsible for this enhanced MO activity occurs in intimate contact with the ferromagnetic layer. In 

fact, the enhancement is expected to remain as long as the evanescent field of the plasmon excitation 

extends long enough to reach the MO active layer. To demonstrate this hypothesis, we proceed now to 

the analysis of a set of magnetoplasmonic structures in which the MO active component and the 

plasmonic excitation are spatially detached. The MO active region, consisting of a 6 nm Au/ 10 nm 
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Figure 4. (a) Schema of the system with magneto-optical activity and localized surface plasmon 

resonance spatially detached. (b) Reflectivity spectrum of the system showing the dip associated 

with the nanodiscs localized surface plasmon resonance. (c) Kerr ellipticity- and (d) Kerr rotation- 

for the system (dots). The solid lines correspond to the same magnitudes for the continuous trilayer 

without dots on top. (e) Complex polar Kerr rotation of the system.  
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Co/ 16 nm Au continuous trilayer grown by magnetron sputtering, is separated from a squared array of 

Au nanodiscs (110 nm diameter and 20 nm thick) by a thin SiO2 layer (see figure 4(a)) [23].  

The reflectivity spectrum shown in figure 4(b) for a structure with a lattice constant a of 300 nm, 

normalized to the signal through a SiO2/Au/Co/Au region without discs, presents a single dip at 

around 1.75 eV, corresponding to the Au nanodiscs LSP resonance excitation. As in the previous case 

the following step is to obtain polar Kerr ellipticity and rotation spectra (figures 4(c) and (d)). Again 

clear effects in the spectral region where the LSP resonance is excited can be seen when compared 

with equivalent layers without Au nanodiscs. These are characterized by a narrow dip in the Kerr 

ellipticity around 1.8 eV and an s-like structure in the Kerr rotation at the same energy region, both 

absent in the continuous layer structures. This s-like structure is also observed if the normalized 

complex polar Kerr rotation  spectra are computed from the corresponding rotation and ellipticity 

ones (figure 4(e)). Bearing in mind that this magnitude can be expressed as the fraction rps/rpp, ie, 

purely magnetic and purely optical components, it is possible now to extract rps and analyze possible 

effects of this component in addition to the optical ones concluded from rpp. This is shown in figure 

5(a), where the spectral dependence of rps normalized to that of the region without discs is presented. 

Again the results show strong energy dependence, with a normalized polarization conversion rps larger 
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than one at energies below the LSP resonance, and smaller than one at higher energies, exhibiting a 

minimum at 1.82 eV, pretty close to the LSP excitation energy. This can be clearly understood by 

inspecting the electromagnetic (EM) field intensity distribution inside the different layers at specific 

energy positions. As can be seen in figure 5(b), at energies below LSP excitation the electromagnetic 

field in the MO active layer (Co) is larger in the region with discs than in the region without discs, 

while the situation is reversed at energies corresponding to the LSP excitation. The presence of the 

resonant nanodiscs produces a different rearrangement of the EM field at different energies, and at 

those energies where the EM field is enhanced in the magnetic layer there is an increment of the 

purely magneto-optical contribution rps. 
 

4. SPP effects in the MO activity of Au/Co/Au and Ag/Co/Ag continuous films 
So far we have shown that the excitation of LSP resonances, either in Au/Co/Au nanodiscs or in Au 

discs close to continuous Au/Co/Au trilayers, leads to strong modifications of the MO activity of the 

system via modification of the optical response as well as of the EM field in the MO active layer. Here 

we will show that propagating SPPs may play a similar role in continuous Au/Co/Au trilayers. To 

excite the SPP we use the well known Kretschmann configuration (see figure 6(a) for a sketch) and we 

measure the transverse Kerr effect instead, to be able to use low magnetic fields and avoid the large 

Faraday signal of the prism that would appear if the polar Kerr configuration was used, in a similar 

fashion of the pioneer work of Hermann et al. [32]. The magnetic field is applied by means of an 

electromagnet coil placed directly above the sample. Two sets of magnetoplasmonic trilayers were 

grown, using Au and Ag as plasmonic materials. In the case of Ag, a Pt capping layer was deposited to 

avoid chemical deterioration with time. The studied structures were 6 nm Au/ X Co/ 16 nm Au 

trilayers grown by molecular beam epitaxy (MBE) on glass substrates with Co thickness X varying 

between 1 and 10 nm, and 2 nm Pt/ 7 nm Ag/ X Co/ 16 nm Ag multilayers grown by magnetron 

sputtering, with Co thickness X varying between 1 and 7 nm. The average rms roughness of the 

Au/Co/Au layers is 1.5 nm [33]; for the Pt/Ag/Co/Ag system the roughness rms value increases with 

the Co thickness ranging from 3 nm for 1 nm Co to 4 nm for 7 nm Co [25]. For these structures the 

optical and magnetooptical characterizations consist of measurements of reflectivity and transverse 

Kerr signal R/R versus incident angle in the Kretschmann configuration at a wavelength of 632 nm. 

Reflectivity presents a strong minimum when the SPP is excited, and in the R/R curves similar 

resonance-like structures are visible in both cases, related to the excitation of the SPP (see figures 6(b) 

and 6(d)). The R/R values around SPP excitation are one order of magnitude higher than those 

obtained at angles where no SPP is excited, or than those obtained when light impinges from the air 

side, where SPP excitation is not possible, showing again the enhancement of the MO activity induced 

by the surface plasmons. The R/R curves are shown in the same figures as the optical counterpart 

(figures 6(b) and 6(d)) to make clear two important points: (i) the R/R signal has a zero crossing 

where the optical signal presents a minimum (this will be of importance in the following section); (ii) 

the slope of the R/R signal is larger than that of the optical one, which is important for the 

development of high sensitivity MO surface plasmon resonance based biosensors [34].  

If one now considers the evolution of the maximum value of the transverse Kerr signal (R/RMax) 

as a function of Co thickness (see figures 6(c) and 6(e)), a maximum is obtained at around 6 nm for 

the Au structures and around 2 nm for the Pt capped Ag ones. The Co thickness values which yield 

maximum MO activity correspond to the optimum excitation of the SPP and are correlated both with a 

reduction of the reflectivity of the system and with an enhancement in the magnetic field induced 

reflectivity change (R) [24]. The difference in the total amount of R/R as well as the large 

difference in the value of the Co thickness that optimizes the signal between the Au and Ag systems 

are due to the presence of the Pt capping layer, of absorbing character, whose effect is equivalent to 

adding 2 extra nm of Co but without MO activity. The R/R values obtained without SPP excitation 

are also included in figures 6(c) and 6(e) for comparison. 
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In a similar fashion to the study presented in section 3, the calculation of the EM field distribution 

allows further understanding of the observed effects. In figure 7 we show this parameter along the 

different layers, both when SPP excitation is not allowed (incidence from the air side) and allowed 

(incidence from the glass side). First, when no SPP is excited, the reflectivity versus angle curve 

exhibits, as expected, a monotonous behaviour (figure 7(a)). In the three selected angular positions, the 

corresponding EM field (figures 7(b)-(d)) gradually decreases from the incident light side (air) with an 

almost exponential behaviour. On the other hand, under SPP excitation conditions, a typical minimum 

in the reflectivity curve is obtained (figure 7(e)). The corresponding EM distribution also decreases 
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Figure 6. (a) Measurement configuration for the magnetoplasmonic continuous films. Reflectivity, 

R, and transverse Kerr signal, R/R, are measured with incidence from the air side (excitation of 

SPP is not possible) and from the glass side in the Kretschmann-Raether configuration (allowing 

SPP excitation). (b) Reflectivity and R/R for a Au/Co/Au trilayer measured with incidence 

through the glass prism. (c) Dependence of the maximum value of R/R with the thickness of the 

Co layer for the Au/Co/Au trilayer, obtained upon and without SPP excitation. (d) Reflectivity and 

R/R for a Pt/Ag/Co/Ag multilayer under incidence from the glass side. (e) Evolution of the 

maximum value of R/R with the thickness of the Co layer for the Pt/Ag/Co/Ag films. 
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from the incident light side (glass) for the angular position corresponding to total reflection (figure 

7(f)), where the plasmon is not yet excited. However, for the other two selected angular positions 

(figures 7(g)-(h)), where the SPP has already been excited, the EM field gradually increases as the 

light gets deeper into the structure, reaching as expected a maximum value at the air-Au interface, 

where the SPP is located. This implies that for these two last cases the EM field is drastically 

enhanced at the MO active layer region (note the different vertical scales for both EM field axis), 

being responsible for the enhancement of the magnetooptical signal.  

 

5. Magnetic field modulation of the wave vector or SPP’s in Au/Co/Au continuous films 
In the previous sections we have given ample proof of the influence of plasmon excitation, either LSP 

in discrete elements or SPP in continuous films, in the MO activity of magnetoplasmonic systems. As 

mentioned above, the plasmon-MO relationship is bidirectional, meaning that the presence of elements 

with MO activity makes the properties of the plasmon suitable to be altered by an external magnetic 

field. Such external modification capabilities are the requirements to go one step forward in the 

development of plasmonics or nanophotonics, since they imply that the elements are now active. To 

achieve that goal we need to be able to modify the propagation of the signal, this means controlling the 
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Figure 7. (a) Reflectivity with incidence from the air side (no SPP excitation), and (b) – (d) 

corresponding calculated electromagnetic field distribution for three given angles. (e) – (h) Same 

but with incidence from the glass side, with SPP excitation possible.  
 



Intertwinned effects in magnetoplasmonic structures  12 

value of the plasmon wavevector. In a very simple system, consisting of a very thin layer of 

ferromagnetic material at the metal-dielectric interface in the transverse configuration, and considering 

that the MO element xz is much smaller than xx one can obtain the modification of the plasmon 

wavevector ksp to the first order in xz as: 

 

  2

( ) (0) 2 2

(0) 1 1

sp sp sp xx
xz

sp sp xx xx

k k H k i d

k k

  
  

  
  

 
 (1) 

The expression implies the MO modulation of the plasmon wavevector to increase linearly as a 

function of the thickness of the magnetic layer. Unfortunately, absorption losses would also 

monotonically increase as the layer thickness grows. The modulation is also proportional to the 

non-diagonal element of the dielectric tensor, thus the use of materials with high values at low 

magnetic fields is required. 

For an actual example we are going to consider the set of Au/Co/Au films described in the 

preceding section. Reflection and transverse Kerr signal as a function of the incident angle are 

depicted in figure 6(b). The transverse Kerr signal is obtained through the modulation of the 

reflectivity induced by the magnetic field, but this magnetic field modulation can be also seen as a 

modulation in the plasmon wavevector. Moreover, a variation of the plasmon wavevector implies a 

variation of the angle at which the light-plasmon coupling takes place, so we end up with the fact that 

magnetic modulation turns into angular modulation. That explains the shape of the Kerr signal in 

figure 6(b), since it can directly be related to the angular derivative of the reflectivity signal as [24]: 

 

 
pp

pp ppMag

R R

R R




  



 (2) 

From this expression one can experimentally obtain the value of  for SPP coupling associated 

with the magnetic field contribution by comparing the transverse Kerr signal and the angular 

derivative of the reflectivity, as depicted in figure 8(a), where such comparison is made for a trilayer 

with a Co thickness of 4.5 nm. From the value of  it is easy to obtain the experimental value of 

ksp/ksp=cotg() . In figure 8(b) we have depicted the value of ksp/ksp thus obtained (dots) together 

with the theoretical ones extracted from the shift in the reflectivity curves under magnetic field (lines). 

As can be seen the modulation of ksp increases monotonically as a function of the Co thickness as 

expected from Eq. 1, although not linearly due to the complexity of the actual system.  

 

6. Summary and conclusions 
We have shown how the combination of ferromagnetic and plasmonic materials allows designing 

structures whose MO and plasmonic properties can be controlled.  

In systems exhibiting LSP and SPP resonances, their excitation leads to important optical 

properties modifications and EM field redistribution which in turn produces strong modifications of 

the overall MO response of the system. This has been observed in nanodisc layers, continuous films 

and the combination of both, and even exploring different plasmonic components such as Au and Ag. 

The enhancement of the MO activity of such systems opens new routes for the development of novel 

MO suface plasmon resonance sensors of higher sensitivity. 

On the other hand, the presence of the ferromagnetic material makes that the wavevector of SPP 

waves propagating in the magnetoplasmonic structures can be modulated by the application of an 

external magnetic field in sizeable values. In this way, the magnetoplasmonic systems are potential 

candidates for the development of active plasmonics devices, key factor in the design of plasmon-

based telecommunication applications. 
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