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Metal-Insulator-Metal based Plasmonic Perfect Absorber as a High-Sensitivity
Sensor

Zahra Madadi

Department of Electrical and Computer Engineering, Science and Research Branch, Islamic
Azad University, Tehran, Iran .

Abstract- In this paper, a nanoscale Metal-Insulator-Metal (MIM) structure with two different nano-aperture designs in
the upper metal layer is proposed as a Perfect Absorber Sensor (PAS). The absorption spectrum of the structure is
calculated using the 3D FDTD numerical method for the perpendicular incidence of a plane wave light within 1800-
2300 nm wavelength range. In order to sense the refractive index of glucose solutions, these analytes are poured into the
apertures of the structure. Simulation results show that a resonance peak is obtained in the absorption spectrum which is
red-shifted with increasing the refractive index of the analyte. The sensitivity and detection limit were obtained 202.22
nm/RIU and 0.0131 for the first design, and 328.19 nm/RIU and 0.0126 for the second design, respectively. Hence, both
structure designs are very suitable for different liquids sensing with refractive indices close to each other.

Keywords: Metal-Insulator-Metal, Perfect Absorber Sensor, Refractive Index, Symmetrical Apertures;

developed towards achieving a narrower perfect
1. Introduction absorption band for sensor applications. In MIM
absorber devices, the upper layer usually
consists of periodic metal nano-apertures or
nano-particles array, which separated by a layer
of insulator from a flat metal layer at the bottom

In recent years, the metal-insulation-metal
(MIM) structures have emerged as one of the
most common plasmonic perfect absorber
designs. These technologies have been
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of the structure. The bottom metal layer will be
designed as a continuous metal sheet with a
thickness higher than the penetration depth of
incident wavelengths; and, it acts as a perfect
reflector mirror.The localized surface plasmon
resonances (LSPRs) are excited at the interface
of the upper metal layer and the insulator layer.
The use of LSPRs provided by sub-wavelength
metal structures is a promising trick to achieve
perfect light absorption in specific frequency
bands [1,2]. Currently, many researchers are
working on the modeling and construction of
perfect absorber sensors based on tiny windows
in the upper metal layer. Because in such
structures, good contact is made between the
analyte fluids and the sensor surface [3,4]. In
this paper, we design a nanoscale Au-MgF,-Au
structure with two different nano-aperture arrays
in the upper gold layer as a perfect absorber
sensor. A spacer layer of magnesium fluoride
insulation is placed on this gold mirror and on
top of that, the third layer of the structure with a
periodic array of apertures is perched. For the
sensing process, analyte fluids are poured into
the apertures. The article is organized as follows,
in section 2, the structure design of the proposed
sensor 1s described. In section 3, the simulation
results of two aperture designs are compared
based on sensitivity and Figure of Merit (FOM).
In section 4, the research conclusion is
presented.

2. Structure Design

The MIM unit cell of perfect absorber sensor
structure with two different aperture designs in
its upper metal layer for pouring analytes (water-
soluble glucose) into it is shown in Fig. 1. In this
structure, there is a gold layer with an infinite
array of apertures at the top, and a gold mirror at
the bottom, which are separated by a MgF,
insulator layer.
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Fig. 1: The absorber unit cell: (a) 2D side view of the
structure on the z-x plane, The 2D top view of the
structure for(b)aperture design 1,(c)aperture design 2.

The thickness of the bottom, middle, and top
layers in the direction of z are t; = 150 nm, t, =
30 nm, and t; = 30 nm, respectively. The depth
of apertures in the upper gold layer is equal to t;.
Two different aperture designs are shown in
Figures. 1(b) and 1(c). The unit cell periodicity
in x and y directions are equal Px = Py =550 nm.

Al e yiws BB www.opsiir Colu o a5 el Ll gl ls oo 0 las oy



AYY 51 99¥ asis

The 27" Iranian Conference on Optics and Photonics (ICOP 2021)
The 12" Iranian Conference on Photonics Engineering and Technology (ICPET 2021)
University of Siastan and Baluchestan, Zahedan, Iran, Feb. 2-4, 2021.

In structure simulation using the 3D Finite-
Difference Time-Domain (FDTD) numerical
method, the simulation environment is limited
from the upward and downward directions in z
to the boundary condition of the perfectly match
layer (PML), and in the x and y directions are
limited by the periodic boundary condition. A
plane wave of light within 1.8-2.3 um
wavelength range is incited in z direction and
perpendicular to the structure. The dielectric
constant of gold in the near-infrared spectral
range is described by the Drude model [5]. The
refractive index of the MgF, is defined from Ref
[6]. The Reflection (R) and Transmission (T)
spectra of the absorber are obtained in the
incident wavelength range and then the
Absorption spectrum (A) is calculated from the
relation A = 1-T-R. Note that the reflection
spectrum is reflected power intensity of sensor
structure, and the transmittance spectrum is
completely suppressed by the bottom gold
mirror (T=0)[7].

3. Simulation Results

In this step, analytes with different refractive
indices are poured into the structure apertures.
Then, the absorption spectra for each of them are
measured and shown in Figure. 2. The resonance
peak in the absorption spectrum shifts with
changing analyte refractive index. The
resonance wavelength curve versus the
refractive index for both designs is shown in
Figure 2(c). We can calculate the sensitivity (S)
of the sensor using relation S=A),/An. Where
Al is the resonance peak shift, and An is a
refractive index unit (RIU) variations [8]. The
sensitivity of the first and second aperture
designs was obtained 202.22 nm/RIU, and
328.19 nm/RIU, respectively. In order to
evaluate the sensor performance, the figure of
merit and the limit of detection are calculated as

FOM=S/FWHM and LOD=(3A\,)/S,
respectively [9]. Where FWHM is the full width
at half maximum of resonance peak and A\, is
uncertainty in determining the peak position.
The FOM and LOD were obtained 1.36 and
0.0131 for the first design, and 2.01 and 0.0126
for the second design, respectively.
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Fig. 2: The structure absorption spectrum for (a)
aperture design 1,(b) aperture design 2, (c)The curve
of the resonance wavelength versus refractive index.
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In another step, a 2D field monitor with y-x
cutting plane [-0.275pum <(x & y)< 0.275um]
inserted in the position of z=0.2um. The analyte
refractive index is considered n=1.312. Then, the
absolute value of the electric field distribution
(Abs(E)) at the resonant wavelength and in
coordinate x = 0 um on the y-axis is calculated.
As shown in Figure. 3, the electric field
distribution in both designs is mostly
concentrated at the positions y = (+0.16 & -0.16)
pm inside the apertures. In the second aperture
design, due to the presence of central gold metal
between the triangular apertures, the electric
field coupling of the two apertures in positions
y> 0 and y <0 is reduced, and therefore the
FWHM is greater than the first design.

4. Conclusion

In this paper, a Perfect Absorber Sensor (PAS)
based on a nanoscale Au-MgF,-Au structure with
two different symmetrical aperture designs in the
upper gold layer has been presented. The resonance
peak FWHM, Sensitivity(S) and FOM were obtained
148 nm, 202.22 nm/RIU, and 1.36, respectively, for
the first aperture design, and for the second designer,
163 nm, 328.19 nm/RIU, and 2.01, respectively. It
should be noted that these resonance peak
sensitivities are obtained for both designs, make them
very suitable for sensing the different liquids with a
low refractive index difference.
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