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Abstract: In this paper, a comparative study between elliptical ring
and square ring resonator sensor, coupled to a metal-insulator-
metal (MIM) waveguide is theoretically studied and numerically
simulated by finite difference time domain (FDTD) method with a
perfectly matched layer absorbing boundary condition. Sensing
area of elliptical ring and square ring resonator is being made
equal. Major and minor radius of elliptical ring resonator are
obtained by multiplying a converting factor (k=0.5643) with outer
and inner length of square ring respectively. Some parameters like
width of elliptical ring and square ring resonator, refractive index
of insulator waveguide and width of insulator waveguide are kept
same in both the designs. Silver is taken as metal in MIM structure
whose frequency dependent relative permittivity is characterized
by Drude model. Variation in resonance wavelength occurs when
there is a change in refractive index of material to be sensed. Both
the structures are compared for their sensitivity of detecting
change in RIU for per change in wavelength. A large value of
sensitivity is achieved with square ring resonator when it is
compared with elliptical ring resonator. Thus, the square ring
resonator can be used in designing highly sensitive refractometer.
Keywords: Surface Plasmon Polaritons (SPP), Metal-Insulator-
Metal, Refractive Index, Finite-Difference-Time-Domain
(FDTD), Drude Model, Sensitivity.

1. INTRODUCTION

In recent years, a plasmonic based sensor has attracted lots of
researchers in this field. In biochemical, these are remarkable
tools for analyte detection. For communication industries, the
use of photons in sensing makes possible multi dimension and
remote interrogation [1]. In plasmonic devices, SPPs are
propagating at metal-dielectric interface. Surface Plasmon
Polaritons (SPPs) are electromagnetic waves guided along a
metal-dialectic interface with amplitude decaying
exponentially into both media [2]. SPPs have shown the
potential to guide and manipulate light at deep sub-wavelength
scale [3]. In the past, SPPs based devices such as the all optical
switching [4-6], Mach-Zenhender interferometers [7], splitters
[8], modulator [9], mirrors [10], Bragg reflector [11-12] and
sensors [13] are simulated numerically and demonstrated
experimentally. Refractive index based sensors can be
fabricated by either insulator-metal-insulator (IMI) or by
metal-insulator-metal (MIM) plasmonic waveguide [13]. The
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IMI structures are able to propagate over long distance but fail
to confine a light into sub-wavelength scale [14]. The MIM
waveguides shows a strong confinement of light into sub-
wavelength scale with acceptable propagation length for SPPs
[11]. Recently, SPPs based sensors has been proposed such as
SPP resonance of nano particles [15-16], or enhanced
transmission through nanoholes arrays [17-18] to detect change
in refractive index of any material. Optical sensing principle
utilizes two types of detection techniques such as label-based
detection and label-free detection. In label-based detection, to
detect and quantify the presence of a specific analyte molecule
of interest, target analyte is labeled with either light or
fluorescence. In label-free detection, the presence of analyte is
reveled by either one of the method such as refractometry,
Raman spectroscopy and optical detection of mechanical
deflection of movable element. Analyte is not labeled or
modified in this type of detection. Using integrated optical
devices based on planner waveguide can be implemented by
both label-based and label-free sensing scheme. As compared
to bulk optic element fiber optic based biochemical sensors
with plasmonic sensor possess important advantages [1]. In this
paper, two designs such as elliptical ring and square ring
resonator based on MIM waveguide have been simulated by
FDTD method. In both designs refractive index of elliptical
ring and square ring has been varied to observe the variation in
the resonance condition. A converting factor (k = 0.5643) is
used to calculate parameters for elliptical ring, so that sensing
area of both elliptical ring and square ring will be equal. A
comparison has been done between elliptical ring and square
ring resonator to find out which design offers better sensitivity.
A large values of sensitivity are observed (S = 876 nm/RIU) for
elliptical ring and (S = 901 nm/RIU) for square ring
respectively

2. STRUCTURE AND THEORY

Fig. 1 shows schematic of the elliptical ring resonator. In
structure, width of insulator waveguide (d) is 100 nm. Major
radius (r,) is 112.86 nm and minor radius (r,) is 67.71 nm. Width

ofelliptical ring resonator is 40 nm. Fig. 2 shows.
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Fig 1: Schematic view of elliptical ring resonator with major radius
(r,) = 112.86 nm, minor radius (r,) = 67.71 nm, ring width (w) = 40 nm,
insulator waveguide width (d) = 100 nm and gap (g) =20 nm.

C & D are observation points

schematic of the square ring resonator. In this structure, outer
length of square (a) is 200 nm, inner length (b) is 120 nm and
width of square ring (w) is 40 nm. In both design refractive
index of insulator waveguide is set as 1.0, which is a refractive
index of air. Sensing area of both elliptical ring and square ring
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Fig 2: schematic view of a square ring resonator with square outer
length (a) = 200 nm, inner length (b) = 120 nm, square width
w = 40 nm, insulator waveguide width (d) = 100 nm and
gap (g) =20 nm. C & D are observation points

resonator is equal. By using mathematical equations converting
factor (k) is calculated whose value is 0.5643. Major radius (r,)
of elliptical ring resonator is obtained by multiplying outer
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length (a) of square ring with converting factor (k). Similarly,
minor radius of ring resonator is obtained by multiplying inner
radius (b) of square ring with converting factor (k). Both
elliptical ring and square ring resonator are 20 nm above form
insulator waveguide. Elliptical ring and square ring resonator
can be fabricated either by electron beam lithography or by
conventional lithography [19]. Silver is taken as metal in MIM
structure. Frequency dependent permittivity of silver can be
governed by Drude model using equation

2
@p

M

g(w) = &, — Triay
Where ¢, = 3.7, is the interband-transition contribution to the
permittivity, , = 1.38 x 10" Hz is the bulk plasma frequency
and y = 2.73 x 10" Hz is the electron collision frequency [20].
Both designs are meant to be sense change in refractive index of
any liquid or gases material.

3. SIMULATION AND RESULTS ANALYSIS

Both designs are simulated by FDTD (Finite-difference- time-
domain) method with perfectly matched layer (PML) boundary
condition. PML condition is employed to avoid reflection from
the output end of the design. Fundamental TM mode is
propagated in insulated waveguide, Because the size of
insulating waveguide is very small as compare to input
wavelength. SPPs are propagating along the +z axis form left
side to right side. Input wavelength is of 1550 nm. Grid sizes for
elliptical ring and square ring resonator is 4 X 4 nm in x and z
axis respectively. C and D are set as the observation points
which observed the reflected power and transmitted power.
Formula to calculate transmittance and reflectivity are
T=P, /P, & R=P_ /P, where incident power is denoted by
P,.Refractive index of elliptical ring is increased by 0.1 in each
step and resonance spectrum is observed. After simulation, it
can be seen that increased value of refractive index (n) of
elliptical ring produces red shift in resonance wavelength.
Resonance wavelength graphs are shown in fig. 3 (a-e). Table 1
shows the values of resonance wavelength in pm for changing
refractive index of elliptical ring.
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, Table 1: variation of resonance wavelength with change in refractive
PRy E B index in elliptical ring resonator
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Fig 3: (a-e) shows the transmittance curves when refractive index of

elliptical ring resonator is varied from 1.0 to 1.4 Resonance Wavelength (um)
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Fig 4: (f-j) shows the transmittance curves when refractive index of
square ring resonator is varied from 1.0 to 1.4

Table 2: variation of resonance wavelength with change in
refractive index in square ring

Refractive Index of Resonance
Square Ring wavelength(nm)
1.0 0.8937
1.1 0.9824
1.2 1.0721
1.3 1.1622
1.4 1.2489

Spectral sensitivity S [21] is calculated by S = AM/An, where AL
is a shift in the resonance wavelength and An is a change in the
refractive index. Unit for sensitivity is nm/RIU where RIU
means refractive index unit. After comparing results of both
elliptical ring and square ring resonator, maximum sensitivity is
observed in square ring resonator. Maximum sensitivity of
elliptical ring and square ring resonator are obtained as
876nm/RIU and 90 Inm/RIU

4. CONCLUSION

Two designs of highly sensitive refractometer sensors based on
MIM waveguide have been proposed. Two designs are
elliptical ring and square ring resonator. Both designs are
having same sensing area. Any liquid or gaseous material can
be filled inside elliptical ring and square ring which is to be
sensed. Refractive index can be sensed by these proposed
designs. There is a red shift in resonance condition when there is
a change in refractive index of material. After comparing both
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results of proposed design, it is observed that square ring
resonator has a high value of sensitivity as compare to elliptical
ring resonator. An ultra high value of sensitivity S = 876
nm/RIU for elliptical ring and S =901 nm/RIU for square ring
resonator is achieved.
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