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We demonstrate experimentally and 
theoretically that metasurfaces consisting 
of arrays of randomly distributed plasmonic 
antenna (slits or rods) fabricated with 
Ni81Fe19/Au multilayers exhibiting Giant 
Magneto Resistance (GMR), show 
spintronic modulation of their optical 
properties in the mid infrared, using very 
weak magnetic fields [1, 2]. This is due to 
the change in the optical response 
induced by the magnetic field as a result of 
the Magneto Refractive Effect (MRE), 
enabling fast and contactless modulation 
of the optical properties in this spectral 
range. We find a continuous increase of 
the modulation of the optical transmission  
and reflectivity with both the antenna 
concentration and length. The increase in 
the antenna length leads to a red-shift of 
the plasmon peak position at which the 
modulation takes on, turning into an 
increase in the magnetic modulation 
towards longer wavelengths [3].  
Furthermore, we show that the Babinet 
principle is fulfilled in rod-slit systems both in 
the optical response and the magnetic 
modulation.  
These results open a route to design active 
metasurfaces covering different spectral 
regions (mid-far IR, THz, GHz...), by simply 
adapting the size and shape of the building 
blocks and their spatial distribution. 
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Figure 1: a) AFM image of fabricated random 
arrays of slits (2.1%, L=2µm). b) Electromagnetic 
field enhancement at plasmonic resonance in 
one slit of length L=2 µm. 
 
 

 
Figure 2: Magnetic modulation (change in the 
reflectivity without  and with magnetic field 
along the slits, for slits of different lenghts. The 
incident light is polarized along the transverse 
axis of the slits. 
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observe a spectral structure with a derivative-like shape, 
which is linked to the modulation of the longitudinal slit 
mode, superimposed to the broad dip. The broad modula-
tion dip for both polarizations is simply associated with the 

MRE for the Ni81Fe19/Au multilayer, whereas the derivative-
like shape is associated with the magnetic modulation of 
the slit resonance, clearly indicating the antenna enhanc-
ing effect in the measured ∆R/R. As it can be observed, the 
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Figure 2: Dependence of the reflectivity and its magnetic field modulation on the concentration of slits. 
(A) Atomic force microscopy images of the fabricated arrays for three different slits concentrations: 2.1% (red line), 2.9% (black line), and 
3.7% (green line). The length of the slits is 2 microns. The electromagnetic field maps calculated for the sample of 3.7% slit concentration are 
shown on the right side. (B) Experimental (left) and theoretical (right) reflectivity (R) for the three slits arrays, for light polarized perpendicular 
(full lines) and parallel to the slit long axis (dotted line), respectively. (C) Magnetic modulation of the reflectivity (∆R/R) for the three slits 
arrays of different concentrations, for perpendicularly polarized light (full lines) and parallelly polarized (dotted line), respectively.
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the conduction electrons, which are responsible for the 
optical properties of the GMR multilayer from the mid 
IR to nearly the DC limit, the same active material can 
potentially allow for a similar modulation mechanism 
in different spectral ranges (mid-far IR, THz, GHz…), by 
simply adapting the size and shape of the scatterers and 
their spatial distribution. In this work we experimentally 
demonstrate and theoretically confirm that plasmonic 
metasurfaces based on GMR magnetic multilayers show 
spintronic modulation of their optical properties in a very 
large spectral range, using very low magnetic fields, and 
with an increase of the optical modulation amplitude as 
we increase the wavelength. This opens an additional 
route for an active control of plasmonic platforms in a 

broad spectral range in the IR using materials and con-
cepts well known in spintronics and easily transferable to 
nanophotonics.

2   Experimental
The metasurfaces that we consider in this work consist 
of different arrays of randomly arranged slits (the ori-
entation of the slits is the same for all of them but their 
position within the array is random) fabricated on 70 nm 
thick Ni81Fe19/Au multilayers exhibiting 3.8% GMR [21, 28]. 
We used a random arrangement to avoid diffraction 
effects intrinsically linked to ordered structures and the 
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Figure 1: Modulation physical mechanism, selected resonant elements and experimental setup. 
(A) In a giant magnetoresistance multilayer the magnetizations of the ferromagnetic layers can be switched from antiparallel (AP) to parallel 
(P) configuration by the application of a magnetic field. This produces a change in the electrical resistivity (ρ) and, therefore, a change 
in the dielectric constant ε (εAP, εP). (B) A slit in a continuous multilayer has longitudinal (red) and transverse (black) plasmon resonant 
modes. The near electromagnetic field enhancement reveals the longitudinal magnetic dipolar pattern for the transverse polarization of the 
exciting electric field. (C) By focused ion beam patterning techniques it is possible to fabricate a wide variety of slit arrays in a single 1 cm2 
sample. We have fabricated several 200 µm × 200 µm slit disordered arrays in a Ni81Fe21/Au multilayer with varying slit length and areal 
concentration. (D) Slit arrays are measured in a FTIR-IR microscope setup with a ferrite electromagnet in the near vicinity of the sample. 
Reflectivity and magnetic modulation of the reflectivity are measured in 100 µm × 100 µm areas of each array.
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