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Abstract: NigFez (Permalloy) nanoarrays are considered promising platforms for magnetoplasmonic applications due
to their strong magneto-optical responses. In this study, the effects of an external magnetic field (0 to 40 mT) on a
multilayer structure comprising Ni-Fe nanoarrays on a PMMA spacer and a glass substrate are numerically investigated
using the Finite Element Method by solving the full Maxwell’s equations. An analysis of the reflection spectra reveals
that the presence of surface and lattice plasmons is responsible for the observed reflection minima and maxima, which
are directly correlated with the near-field distribution. Polarization analyses indicate that the Kerr effect in this structure
is strongly influenced by the surface plasmon resonance regions and the intensity of the near-field Ex and Ey components.
Although tracking the precise Kerr rotation and ellipticity responses becomes challenging at higher thicknesses due to
interference effects and the proliferation of resonance peaks, analyses based on phase-difference at a thickness of 36 nm
(at 720 nm wavelength) and 26 nm (at 360 nm wavelength) demonstrate high stability and precision in the system’s
response. These findings provide a deep understanding of the magnetic control over plasmonic resonances and offer
effective guidelines for the design of magneto-plasmonic sensors and optoelectronic devices based on Ni-Fe nanoarrays.
These findings provide deeper insight into the magnetic control of plasmonic resonances and offer effective guidance for
designing magneto-plasmonic sensors and optoelectronic devices based on Ni—Fe nanoarrays.
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a=260 nm
b=630 nm
w=890 nm
+ £,=26 nm+90 nm
¢=220 nm
d=1000 nm
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Figure 1. (a) Schematic and meshed images of Permalloy nanoarrays on PMMA and glass. (b) Mesh convergence as the
nanostructure mesh size varies from 40 to 90 nm.
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Figure 2. Two-step process for determining the Jones vector of an elliptically polarized state. (a) Constructing the basis
vector and using & to define the ellipse geometry in the principal coordinate system; (b) applying the global phase by
multiplying by Ae®; (c) multiplying by the rotation matrix to apply rotation.
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Figure 3: Geometry of the Kerr effect setup: E represents the direction of the incident light's electromagnetic field, while By,
By, and B; represent the directions of the magnetic vector components.
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Figure 4. Reflectance versus wavelength plots for magnetic fields and thicknesses of: (a) 40 mT and 26 nm, (b) 30 mT and 26
nm, (¢) 20 mT and 26 nm, (d) 10 mT and 26 nm, (e¢) 40 mT and 36 nm, (f) 30 mT and 36 nm, (g) 30 mT and 36 nm, (h) 10 mT
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Figure 5. Polarization analysis plots: (a) phase difference between reflected electric fields, (b) magnitude of the ratio between
reflected electric fields, (c) rotation versus wavelength for fields of 10—40 mT and ferromagnetic layer thicknesses of 26, 36,
and 46 nm, and (d) ellipticity versus wavelength for fields of 10—40 mT and ferromagnetic layer thicknesses of 26, 36, and 46 nm.
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Figure 6. (a) Plot of the electric field norm and its x, y, and z components versus wavelength for a thickness of 26 nm; (b) plot
of the vertical component versus wavelength for magnetic fields of 10, 20, 30, and 40 mT; (c) plot of ellipticity and reflectivity
for a thickness of 26 nm and a magnetic field of 40 mT; (d) plot of rotation and reflectivity for a thickness of 26 nm and a
magnetic field of 40 mT.
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Figure 7. 3D near-field distribution at peak points at: (a) 310 nm, (b) 400 nm, (c) 650 nm, (d) 410 nm, (¢) 420 nm, and (f) 720
nm.

() fagliFhe () gl 700 (2) el oo () gl Yo (Cl) 55 aidy BUE o o3 Olokn (giday 4w g8 V IS

sl VYo (9) 9 gl FYo

(]
o

(00]

o
N
fe2

26n

(o2}
o

26 nm

(2]
o
L

36

46 n

N
o
|

36 nm
———— 10 15 20 25 30 35 40
10 15 20 25 30 35 40 Hap(mT)

Hap(mT)
- al

N
o

phase difference (degree) in 720 nm
S
phase difference (degree) in 360 nm
S
o

Figure 8. (a) Plot of maximum rotation versus Permalloy thickness, (b) maximum reflectivity versus Permalloy thickness, (c)
plot of maximum rotation versus magnetic field strength, and (d) maximum rotation versus magnetic field strength.
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Table 1. Comparison of sensitivity derived from phase difference parameters at peak wavelengths and for thicknesses of

26, 36, and 46 nm.
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1.Transvers Magneto-Optical Kerr Effect (TMOKE)

2.Voigt

3.Finite Element Method

4.Finite Difference Time Domain (FDTD)

5.COMSOL Multiphysics

6.Electromagnetic Wave Frequency Domain (EWFD)

7.Relative Permeability

8.Perfectly Matched Layer (PML)

9.Far-Field Conditions

10.Longitudinal Magneto-Optical Kerr Effect
(LMOKE)
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