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Abstract

The need for an easy to fabricate perfect and narrowband light absorber in the visible range of electromagnetic (EM) spectrum has
always been in demand for many scientific and device applications. Here, we propose a metal-dielectric-metal (MDM) 1-D
grating plasmonic structure as a perfect narrow band light absorber in the visible and its application in glucose detection. The
proposed structure consists of a 1- D grating of gold on the top of a dielectric layer on a gold film. Optimization for dielectric
grating index (n), grating thickness (), grating width (W), and grating period (P) has been done to improve the performance of
plasmonic structure by calculating its quality factor and figure-of-merit (FOM). The optimized plasmonic structure behaves as a
perfect narrowband light absorber. The flexibility to work at a specific wavelength is also offered by the proposed structure
through an appropriate selection of the geometrical parameters and refractive index of the dielectric grating. The equivalent RC
model is used to understand different components of the proposed structure on the optical response. The absorption response of
the structure is invariant to the incident angle. Moreover, the calculated absorbance of the proposed plasmonic structure is ~ 100%
with a narrow full-width half maxima (FWHM) of ~2.8 nm. We have numerically demonstrated a potential application of the
proposed MDM absorber as a plasmonic glucose sensor in the visible range with detection sensitivity in the range of 140 to
195 nm/RIU.

Keywords Optical sensors - Plasmons - Optical detectors - Glucose detection - Metal-dielectric-metal - LC equivalent circuit

Introduction

Recently, plasmonic metamaterials have attracted significant
research interest due to their ability to control, alter, and mag-
nify properties of incident electromagnetic radiation. These
surfaces have promising applications in confining light in
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sub-wavelength dimensions [1-3], in enhanced light transmis-
sion [4, 5], in optical couplers and waveguides [6], in optical
sensing [1, 6], and so on. Moreover, plasmonic metamaterials
have been recently used in photonic modulators [7-9], photo-
detectors [10, 11], thermal imaging [12], microbolometers
[13], and so on. It has always been beneficial to enhance
plasmonic absorption for the compensation of intrinsic optical
losses of metals in an efficient plasmonic system. Based on
their applications, plasmonic absorption is classified into two
categories namely broadband absorption and narrowband ab-
sorption. Broadband plasmonic absorbers have applications in
solar-thermal energy harvesting [14, 15] and broadband
photodetection [16], while narrowband plasmonic absorbers
are applicable in narrow-band rejection optical filters, plas-
monic SERS sensing [17, 18], and monochromatic
photodetection [19, 20]. Research in the field of perfect plas-
monic metamaterial absorption is rapidly increasing after its
first demonstration in 2008 by N.I. Landy [21]. Generally, an
array of discretely placed sub-wavelength resonators over
plasmonic metamaterial surfaces are required to absorb
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electromagnetic radiation in the visible and near-infrared spec-
tral range [22-24].

A blackbody is considered a perfect broadband absorber
with an ability to absorb all electromagnetic radiation incident
on it. However, it is challenging to realize a perfect light ab-
sorption in a narrowband spectral region. Due to the genera-
tion of surface plasmons at the metal-dielectric interface, a
huge enhancement in the electric field on their surface can
be observed. A conventional approach to design a metal-
dielectric-metal (MDM) plasmonic absorber generally con-
sists of three layers. The uppermost layer consists of a periodic
metal structure or grating, the third (lowest) layer is the same
metal film, and a thin dielectric layer is sandwiched between
top metallic structure and bottom metal film [17-23]. The
uppermost periodic grating metal layer follows impedance
matching criteria and behaves like an electric resonator that
supervises electric field response of the corresponding struc-
ture [23, 24]. The sandwiched dielectric layer plays an impor-
tant role in determining the position of perfect absorption and
works as a light absorber layer. However, the lower metal film
with a thickness larger than the light penetration depth works
as a reflector layer to reduce light transmission. Several
MDM-based plasmonic absorbers have been designed and
proposed by researchers to attain perfect light absorption
where most of the studies are based on the design of upper
metallic structures such as stripe, ellipse, circle, rectangular,
and U-shaped periodic patterns. Yu et al. proposed a four-layer
metamaterial absorber where the sequence of layers is as fol-
lows from top to down: metallic rings, dielectric spacer, metal
film, and the silicon substrate. They achieved two distinct
narrow absorption bands in the range 3—5 um and 814 um
by optimizing the radius of the gold ring and refractive index.
The maximum absorption achieved by two peaks was 95.1%
[25]. Wang et al. proposed four-band and polarization-
insensitive metamaterial absorber in the near-infrared with
maximum absorption of 97%. The structure consists of four
layers in the following manner from top to down: four metallic
square rings, dielectric spacer, and metal film at the bottom
[26]. Dayal et al. introduced a metal-dielectric stacked
metamaterial absorber in the infrared region and reported three
absorption bands. The designed structure was able to attain a
peak absorption of 98% [27]. Tao et al. suggested a three-layer
dual-band absorber in the terahertz region. The top and the
bottom metallic layers are separated by a dielectric layer. The
first peak was at 1.4 THz with 85% absorption and the second
peak was at 3.0 THz with 94% peak absorption.

In plasmonic sensing, a narrowband perfect absorber with the
position of resonance absorbance highly sensitive to the ambient
refractive index is required. In the past, several experimental and
theoretically strategies were implemented to realize plasmonic
sensing in infrared and terahertz spectral regions of electromag-
netic radiation [28, 29]. However, due to the unavailability of
low-cost light sources [30] and photodetectors in infrared and
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terahertz spectral regions, it is not viable to fabricate low-cost
plasmonic sensors for immediate point of care in underdeveloped
countries. In contrast, the availability of low-cost, but high-value
coherent and non-coherent light sources and detectors in the
visible spectral region, would synergistically benefit large-scale
production of low-cost plasmonic sensors in the visible spectral
regions. For example, the sunlight can be used as a broadband
light source and the human eye can be used as a detector for
plasmonic sensing in the visible region.

In this article, we present a novel MDM structure that
is easy to fabricate and has near-perfect absorption (>99%)
in the visible spectral region with an ultra-narrow bandwidth
(~2 nm). Our focus is to investigate the position of plasmonic
resonance wavelength and achieve near-perfect absorption of
electromagnetic radiation in the spectral range of 200 to
800 nm. We observed that the variation in the refractive index
of the dielectric layer, sandwiched between the gold grating
and a gold film, and/or geometric parameters of the grating
significantly affect the peak absorption and cause a redshift in
the absorbance spectra of the proposed MDM structure. In this
way, the proposed MDM structure offers flexibility to design a
plasmonic metamaterial surface that can enable a perfect nar-
rowband absorption at the desired wavelength in the visible.
Owing to a narrow FWHM and only one rejection band for a
broadband incidence light source, the proposed structure can
be utilized as narrow-band rejection filters and plasmonic
sensing applications. The absorption of the structure is calcu-
lated using the following formula:

AN = 1-RV)-T(\) (1)

where 7()\) represents transmission through the structure as a function of
wavelength. By making the bottom metal layer enough thick, the trans-
mission of the metamaterials can be made to zero. So, the absorption
calculation is done by using A(\)=1—R()). To achieve a perfect light
absorption, the value of R(\) =0, which is only possible when the free
space impedance matches with the effective impedance to satisfy the

1A
(N

following criteria: Z(\) =

Results and Discussion
Equivalent Resonant LC Circuit

Figure 1 demonstrates the equivalent circuit model for the
proposed absorber. The total impedance of the circuit can be
expressed as:

iw(Ly + Le) 2i
Ziotal = ) -
1-62Cy(Ly + L) wChy

+ iw(Ly + L) (2)

where C, = E}’,h is the gap capacitance, C,, = CIE"T‘:'W, here C,

is a coefficient related to a non-uniform charge distribution at
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Fig. 1 Schematics of the
equivalent LC circuit model

[ ] Metal
[ Dielectric

the metal surface, L,, = 0.5poWh, and L, = W__ where ris a

reohu?’

coefficient related to the effective cross-sectional area of met-
al, and w), is the plasma frequency of metal.

At resonance condition, Z,,,,;=0 w = @ where ¢ is the

speed of light in vacuum.

=

Co + CyLy + L)

A, = 27c0 3)
Cu+Ce=[Ch +C
For a large value of P, Cy is negligible resulting
A = 2mco/ Co(Liy + Le) 4)

For a large thickness of the dielectric layer, C, is negligible
over C, that leads to

A = 2mcor/ Co(Lm + Le) (5)

For the case when C,,, = Cg, Eq. (3) can be simplified as

A = 19.1727co/Cp (L + Le) (6)

Design of Plasmonic System and FDTD Simulation

Figure 2a, b shows the perspective and schematic views of the
proposed plasmonic structure. An array of a one-dimensional
double-layered grating of metal and dielectric is designed on
the gold film deposited on the SiO, substrate. Geometric pa-
rameters for the proposed plasmonic metamaterial structure
are as follows: grating period (P), grating thickness (/4
(gold) and £, (dielectric)), grating width (W, (gold), W,
(dielectric)), H (gold layer thickness), and A’ (substrate thick-
ness). A finite difference time domain (FDTD) simulation
software developed by Lumerical Solution Inc. was used for

the simulation of the proposed structure [31]. Lorentz-Drude
material model was used to calculate the optical constants of
Au [32]. Perfectly matched layer (PML) boundary conditions
were used in the Y- and Z-directions, while periodic boundary
condition was used in the X-direction. The interaction of inci-
dent electromagnetic radiation with the proposed structure can
be understood using Maxwell’s curl equation written as fol-
lows:

oF
Vxﬁ:eoera—

¢ aﬁt’ )
Vx E =—puy—
Ho ot

Where H and E represent magnetic and electric field respec-
tively, € and g are permittivity and permeability of free
space, respectively, and €, is the complex dielectric function.

After getting a numerical solution for the electric field E

and magnetic field H from Eq. (2) using Yee’s algorithm of
FDTD method, the spectral transmittance or reflectance of the
proposed structure is solved using the following equation:

T\ = IS(x,Qyjqxdy ®

Here, Q corresponds to the incident power per unit area,
1 T | == -7 . . .
and S(x,y) = 7 Iy ‘E x H ‘dt is the Poynting vector time

average and T is the period used in Eq. 2 to calculate the
reflectance and transmittance.

To observe the influence of the refractive index of the
dielectric grating, we calculated the absorption as a func-
tion of the dielectric grating index. The value of the index
was numerically varied from 1.3 to 1.9 with a step of 0.1.
The variations in the SPR peak position and peak absor-
bance with the refractive index of the dielectric layer are
presented in Fig. 2¢ and d. Figure 2¢ shows a 2-D plot of
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Fig. 2 3-D (a) and Schematic (b) views of proposed MDM plasmonic
structure for one unit. Grating thickness /4, (gold) and 4, (dielectric) and
grating width W, (gold) and W, (dielectric) are the variables with a fixed
grating period of P =300 nm. The dashed lines represent a unit cell of the
periodic structure enclosing grating in the middle. The incident wave is

absorption as a function of wavelength and grating refrac-
tive index. From Fig. 2c, one can observe a longer wave-
length shift in the absorption peak position with an in-
crease in the dielectric constant of the grating. From the
LC model, presented in section II, an increase in the re-
fractive index (n), and hence increase in the dielectric
constant (g, =¢eon’) of the dielectric material increases
the value of the capacitance (C,, = Cieoe,W/h) between
two metal layers that increase the value of resonance peak
position (A,) following the expression A, = 27c

Cu(Ly + L,) attributing to a longer wavelength shift.
It reaches nearly 100% peak absorbance for the value of
the refractive index of 1.9. Therefore, we can say that the
designed structure works as a perfect narrowband absorb-
er at resonance wavelength. Figure 2d shows variations in
the position of resonance wavelength and absorbance with
the refractive index of the dielectric grating. The shift in
the resonance wavelength and absorbance for a unit
change in the refractive index of the dielectric grating is
around 20 nm/RIU and 7% RIU ' respectively. This var-
iation can be seen from 1.3 to 1.8 and after 1.8 the shift
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becomes almost saturated. The optimized result can guide
one to choose a dielectric material for the proposed plas-
monic system to attain nearly perfect narrowband absorp-
tion at the desired wavelength.

Optimization of Geometric Parameters

In this section, we will study the influence of different
grating parameters on the optical response of the proposed
MDM plasmonic structure. The geometric parameters are
grating thickness (4;, h,), grating width (W;, W>), and
grating period (P). The ratio of gold to dielectric grating
thickness 4 (Z—; ) and the ratio of gold to dielectric grating
width W (WV; ) are fixed to the unit for the optimization.
First of all, we optimized the values for # and W for a
fixed grating period of P=300 nm, H =250 nm, and H' =
300 nm to achieve the best absorbance response of the
proposed structure. After getting optimized grating thick-
ness (hy, h,) and width (W, W,), we performed an opti-
mization for the grating period (P). The overall absorption
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Fig. 3 Effect of grating width (W). a Absorbance contour plot (b) as a function of grating width and wavelength. ¢ Absorbance intensity and resonance

wavelength with grating width

in the proposed structure can be explained considering the
equivalent LC circuit, as explained in the previous sec-
tion. An increase in the width of the grating at a given
period P increases the values of Cp,, L., and L, resulting
in an increase in the value of resonance wavelength fol-
lowing Egs. 3 to 6. Figure 3 shows the optical absorbance
response of the proposed MDM structure with varying
grating width, W, at P=300 nm for 100 nm of /; and #,.

Figure 3a demonstrates a contour plot for absorbance as a
function of grating width (W) and wavelength. From Fig. 3b, it
is clear that the maximum absorption peak corresponds to
W =150 nm. Extracted resonance peak position and absor-
bance data for different grating widths are presented in Fig.
3c. The shift in the resonance wavelength and absorbance for
grating width is~ 0.5-0.6 nm/nm and ~ 2—-3 %/ nm, respective-
ly. From this optimization, we can see that W= 150 nm poses
maximum absorbance and narrowest bandwidth; therefore,
this grating width is chosen for the optimization of other geo-
metric parameters.

Figure 4 shows the variation in the optical absorption
response of the proposed plasmonic structure with grating
thickness, 4, for P =300 nm with W; and W, equal to
150 nm. A significant red shift in the resonance

wavelength with a narrower FWHM is observed by either
an increase in the grating thickness or an increase in the
separation between the metal grating and metal film or
both. According to the LC equivalent circuit theory, the
top and bottom metallic layers are supporting antiparallel
currents between two metallic films for the coupling of
the magnetic field. Therefore, an increase in the thickness
of the dielectric spacer between the metal film and metal
grating affects the coupling strength of the magnetic field
that increases the absorbance of electromagnetic radiation.
An increase in the thickens of the dielectric layer de-
creases the value of C,, and increases the values of gap
capacitance, C,, and magnetic inductance L,,. Following
expressions 3 to 6, an increase in the value of h results in
a redshift in the resonance wavelength. The position of
the resonance wavelength varies in the range of 380 to
680 nm by sweeping the grating thickness from 50 to
120 nm (Fig. 4a). The maximum absorption or coupling
is observed for 100 nm thickness of the grating that cor-
responds to the resonance wavelength at 526 nm. It means
that for an incident electromagnetic radiation of 526 nm
wavelength, the proposed structure having a 100 nm
thick, and 150-nm-wide grating with a grating period of

@ Springer



1344 Plasmonics (2020) 15:1339-1350
~120 1.0
g Absorbance Grating Thickness|
= a 1.000 b 50 nm
< 0.8 ——80 nm
— 0.8781
« 100 @ ——100 nm
7] 0.7562 =
© v g 0.64 ——120 nm
i Q
ﬁ 80 0.5125 5
c 0 0.4-
’-E 0.3906 a
o 0.2687 <
.g 60 0.1469 0.2
© 0.02500
© 300 400 500 600 700 800 900 0.0 ' ' ' '
W I th 300 420 540 660 780 900
avelength (nm) Wavelength (nm)
650 1.05
—E~ —s=— Resonance Wavelength
€ 600 —=— Absorbance
= -0.94
5 ((¢) g
5 550+ g
‘q‘, o 083 ©
§ 500 'g
= F0.72 @
g 4504 <
-
S 400- -0.61
[
(4
350 T T T T T T 0.50

40 50 60 70 80 90 100 110 120 130

Grating Thickness (h, nm)

Fig. 4 Effect of grating thickness 4. a Absorbance contour plot (b) as a function of grating thickness and wavelength. ¢ Absorbance intensity and

resonance wavelength with grating thickness

300 nm can offer a perfect impedance matching condition
resulting in almost 100% optical absorption in a narrow
spectral range. Figure 4b shows a 2-D plot of absorbance
of the proposed structure as a function of its grating thick-
ness and incident wavelength. The background response
in all the cases is almost the same. The peak absorbance is
close to one for the grating thickness of 100 nm. An
increase or decrease in the grating thickness causes a de-
crease in the coupling strength resulting in a reduction in
the peak absorbance. Figure 4c shows the rate of change
in the resonance wavelength and peak absorbance with
the grating thickness (4, and %,). The changes in the res-
onance wavelength and peak absorbance with the grating
thickness are around 30-40 nm/nm and 1-2%/nm,
respectively.

After optimizing the grating width W (W, and W,) and
grating thickness /4 (4, and /,), we also examined the effects
of the grating period (P) on the optical absorption spectra of
normally incident electromagnetic radiation. We can see that
the position of peak absorption significantly depends on the
grating period (Fig. 5a). With an increase in the grating period
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from 270 to 360 nm, a redshift in the resonance peak is ob-
served with a decrease in the peak absorbance. A contour plot
for absorbance as a function of the grating period and wave-
length is shown in Fig. 5a. Considering narrow linewidth,
highest absorption, and strong coupling, we fix our grating
period A= 300 nm. Figure 5¢ shows the rate of change of
resonance wavelength and absorbance percentage with the
grating period (P). The shift in the resonance wavelength
and absorbance is around 0.1-0.2 nm/nm and 0.4-0.5%/nm,
respectively. A small rate of change in the resonance peak
position with the grating period can be explained with expres-
sion (4) of the LC model. An increase in the grating period
decreases the value of gap capacitance C, over C,,, that makes
resonance wavelength almost independent on the grating
period.

We further characterize our structure by calculating its
FWHM, dip strength, and figure-of-merit (FOM) as a function
of the grating period, grating thickness, grating width, and
index of the dielectric grating layer.

FOM can be calculated using the following relation, FOM
=Peak absorbance/FWHM. The FWHM of resonance
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absorption peak results in the accuracy of the SPR curve. A
large value of FOM and a small value of FWHM are required
for the high performance of a plasmonic sensor. From Fig. 6,
we can see that the maximum FOM and minimum FWHM
values are obtained corresponding to the following geometric
parameters of the proposed plasmonic structure: grating peri-
0od =300 nm, grating thickness = 100 nm, grating width =
150 nm, and refractive index of the dielectric layer = 1.9.

Figure 7a shows the spectral absorption of the optimized
proposed structure with nearly perfect absorbance in a narrow
FWHM of 2.8 nm. To realize the mechanism responsible for
this strong optical absorption in the proposed structure, we
further investigated field and power distributions in the reso-
nator. When the free space impedance is equal to the imped-
ance of resonator, the incident electromagnetic energy fully
gets converted into ohmic losses in the absorptive layer to
accomplish the condition for perfect light absorption. The
electromagnetic power absorbed in a non-magnetic material
can be expressed as follows:

Pabs - l/zw}‘E|2 (10)

where w and " are angular frequency and imaginary part of
permittivity and || is the total electric field confined in the
material. As can be seen from Fig. 7¢, d, most of the incident
energy gets dissipated into the gold film due to the ohmic
losses generated through SPR at resonance wavelength. The
electric field gets confined at the interface and corners of the
gold grating (Fig. 7¢). Since the incident light is propagating
along the Y-direction with polarization along the X-direction,
therefore, the X component of the dipole moment is dominat-
ing. Figure 7b shows the effect of change in the incidence
angle of electromagnetic radiation from 0 (normal incidence)
to 40 with an increment of 0.50°. The calculated absorbance
is outlined in Fig. 7b. The position of the surface plasmon
resonance and peak absorbance is almost invariant with the
incident angle.

Glucose Concentration Detection
The proposed MDM structure can be used for the fabrication

of low-cost plasmonic sensors due to its ability to detect the
change in the refractive index at the metal-dielectric interface.
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SPR-based sensors can be used to detect a low concentration
of gases in the air or small concentrations of biomolecules in
the water such as blood group and DNA [33, 34]. Water is a
significant ingredient of interstitial and intercellular liquids
and the most important fluid in the living organisms. In this
section, we will further study the response of the proposed
structure for the detection of glucose concentration in water.
As the refractive index of each biological sample is specific
[35], this motivates research to form a mathematical approach
to calculate the refractive index of different concentrations of
glucose in water.

We used an established method called refractometric
for the determination of sugar concentration in water. In
this method, the refractive index of different known con-
centrations of a solute, in a given solvent, is first mea-
sured to draw a line-of-calibration, and then the line-of-
calibration is used to determine the concentration of the
unknown amount of solute in a solution from its measured
refractive index. An increase in sugar concentration
causes a corresponding increase in its refractive index.
The following expression calculates the refractive index
of any given aqueous solution of carbohydrate: n=nW +
aC; here nW stands for the refractive index of water at
room temperature and atmospheric pressure and a=
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0.00143 is a coefficient representing the rate of change
in the refractive index (n) of a solution with sugar con-
centration (C; g/100 ml). Figure 8 shows the variation in
the refractive index of the glucose solution with the con-
centration of sugar. The relation between the glucose con-
centration and refractive index shows that the refractive
index of glucose solution varies linearly with the glucose
concentration.

The variation in the refractive index of a solution with
glucose concentration varies with the glucose concentra-
tion in water; therefore, the SPR curves corresponding to
different glucose concentrations are also different. The
reflectance and absorbance spectra for the proposed
structure at different glucose concentrations are shown
in Fig. 9a and b, respectively. A redshift in the resonance
peak position can be seen with increasing glucose con-
centrations. The resonance wavelength peak position for
the structure covered with different concentrations of glu-
cose in 100 ml of water is shown in Fig. 9c along with
corresponding values of refractive indices. Figure 9d rep-

resents the dynamic sensitivity [S = (%;:) ], sensitiv-
no

ity at a given refractive index, of the structure extracted
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Fig. 7 a Absorbance for optimized geometry. b Effect of incidence angle increment on absorbance. Electric (¢) and magnetic field (d) distribution at

resonance wavelength, with 7 =100 nm, W =150 nm, and A =300 nm

from Fig. 9c. The ratio of the shift in the resonance
wavelength (OA) with the change in the refractive index

1.39
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1.37 1

1.36

1.35-

Refractive Index

1.34 1

1.33 ————7—— 77—
5 0 5 10 15 20 25 30 35 40
Glucose Concentration (g/100 ml)

Fig. 8 Refractive index of the aqueous solution of glucose versus glucose
concentration

(on) for an increase in the glucose concentration by 5 g
in 100-ml solution is plotted with the corresponding val-
ue of the initial refractive index (ng). The sensitivity of
the structure dynamically increases from 140 to 195 nm/
RIU with an increase in the refractive index from 1.33
to 1.38, i.e., change in the glucose concentration from 0
to 35 g/100 ml. We can also calculate the quality factor
( x) and figure of merit (FOM) of the plasmonic struc-
ture, against glucose sensing, using the following
expression:

X:SBDSiﬁVit%-‘WHM ( 1 1)
FOM — Peak absorbance /pyipy (12)

Figure 10a represents variation in the QF (left) and
FOM (right) of the designed plasmonic sensor with the

@ Springer



1348

Plasmonics (2020) 15:1339-1350

1.0
——0.g/100 ml
——5g/100 ml
0.8 (a) ——10 g/ 100 ml
8 ——15 g/ 100 ml
c ——20 g/ 100 ml
@ 0.6- ——25g/100 ml
= ——30.g/100 ml
o] — 35 g/ 100 ml
g 0.4+
0.2
0.0 v v v r {
550 570 590 610 630 650
Wavelength (nm)
598
1.381 . Refractive Index
* —=— Resonace Wavelength 596
o 1.37- -
©
£ 594
.g 1.361 c .
g 1.35
g 354 1592
@
1.341 1590
1.334

- . . - - — v 588
0 5 10 15 20 25 30 35 40
Glucose Concentration (g/100 ml)

Resonance Wavelength (nm)

1.0
0.8
o
Qo
& 061 0g/ 100 ml
S ——5g/100 ml
D 4. ——10g/100 ml
S ——15g/100 ml
(14 ~——20g/ 100 ml
0.2 ——259/100 ml
~——30g/ 100 ml
——359/100 ml
0.0 - v ' v
550 570 590 610 630 650
Wavelength (nm)
200
_ 1904
=2
o 180
=
£ 1704
o
s 160 4
‘G 150-
]
v 140 -
130

133 1.34 1.35 1.36 1.37 1.38
Refractive index

Fig. 9 a Absorbance for different glucose concentration. b Reflectance for different glucose concentrations. ¢ Glucose concentration versus refractive

index (left) and corresponding resonance wavelength (right). d Sensitivity

glucose concentration. The FOM values (Fig 10a, red
curve) are obtained using resonant absorbance
(Fig. 10b) and corresponding FWHM values, extracted
from Fig. 9a.

Plasmonic sensors can be realized using two strategies.
In the first one, a broadband light source and a spectrom-
eter are required to measure the shift in the resonance
absorption peak position with the change in the ambient
refractive index. In the second, and much simpler case, a
monochromatic light source or a broadband light source
coupled with a narrow bandpass filter and a photodetector
are required. The intensity of the reflected light, at a
wavelength close to the resonance absorption, is measured
with the change in the ambient refractive index. The
change in the SPR characteristics (peak position and
FWHM) of the plasmonic structure with the ambient re-
fractive index changes reflectance of the light close to the
resonance wavelength. As can be seen from Fig. 10c, the
reflectance of the designed plasmonic structure, at
596 nm, increases from 0.41 to 0.56 with an increase in

the glucose concentration from 0 to 35 g/100 ml (i.e.,
AR/Ry.
An/ny’

Ry and nq are reflectance and refractive index of the plas-
monic structure with pure water) of ~9.6 arb. unit/ RIU.

An =~0.05) resulting in a sensitivity (S = where

@ Springer

Conclusion

In summary, we numerically designed and proposed a novel
metal-dielectric-metal (MDM) structure that is easy to fabri-
cate and has near-perfect absorption (>99%) in the visible
spectral region with an ultra-narrow bandwidth (~2.8 nm)
and its application in glucose detection. The proposed struc-
ture consists of a 1-D grating of gold on the top of a dielectric
layer on a gold film. Optimization for dielectric grating index
(n), grating thickness (f), grating width (W), and grating period
(P) has been done to improve the performance of plasmonic
structure by calculating its quality factor and figure-of-merit
(FOM). We carried out our study on each and every factor that
can influence the absorbance response of the proposed struc-
ture. Our study suggests that all the factors affect the reso-
nance wavelength strongly and cause redshift with varying
geometrical parameters. In a nutshell, we can say that the
proposed plasmonic structure can be potentially reliable to
be used for a particular application taking advantage of its
varying resonance wavelength with almost the same back-
ground response. Due to this very narrow linewidth and
possessing only one rejection band, it can also be utilized for
filtering and different sensing applications. At the end, the
optimized structure is tested for glucose sensing applications
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Fig. 10 a Glucose concentration versus quality factor (QF) (left) and figure-of-merit (FOM) (right). b Resonant reflection (right) and absorption (left)
with the glucose concentration, and change in the reflection (right) and absorption (left) at 596 nm wavelength (c)

with dynamic sensitivity in the range of 140 to 195 nm/ RIU
for the shift in the resonance wavelength—based sensing and ~
9.6 arb. unit/ RIU for the sensor based on the change in re-
flectance at a given wavelength close to the resonance
wavelength.
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