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In this paper, Metal-Insulator-Metal (MIM) based dual-band plasmonic bandpass filters (BPF) with single and dual silica
slits design and analysis is presented. The Square Ring Resonator (SRR) is coupled using Coupled feed line for dual-band
operations. The coupled feed line is used for dual-band operating wavelengths, 1300 nm (230.6 THz) and 1600 nm (187.37
THz). Design and simulations are performed using complex electromagnetic simulatorknown as computer simulation
technology (CST) microwave tool. The proposed filters are used for plasmonic single and dual-band bandpass filter (BPF)

applications in photonic integrated circuits (PIC’s).
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Introduction

Light interaction  with  the metal and
dielectricinterface forms a Surface Plasmon Polarities
(SPP).These are electro-magnetic waves which are
observedin the region of interface of metal and
dielectric.*? SPP are excited and propagate along the
surface of a metalwith shorter wavelength® which are
much better than electromagnetic waves.* Several
nanoscale components based on plasmonic are
proved to be capable of providing null bend loses
while capable of low cost and low complexity
in prototyping.>*®* MIM based rectangular ring
resonator band pass filter is design and analysed using
coupling gaps between input and output ports are
implemented.’*** Recently proposed different filters
like ring resonators**'®, tooth-shaped™ and Braggs
gratings'’ type. The merit of high transmission at 90°
bends rectangular ring resonators are advantageous
than circular ring resonator’® due to ease of
fabrication. In this paper, MIM based waveguide
structure is developed for dual-band applications and
the effect of the geometrical transforms are analyzed.

Experimental Details

Modelling of MIM Waveguide

In MIM waveguide the insulator is sandwiched
between two metal waveguides. The silica (g;= 2.50)
is used as the insulator and silver is used as metal.
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The dielectric constant of the silver is expressed by
the Drude model.*®
wp
w(w+jy) ()
Where (£,=3.7) is permittivity of the metal, w,(=
1.38 x 10™) is the plasma frequency and vy (= 2.73 x 10"
rad/sec) is the damping frequency of the metal. Several
nanoscale  components  like  plasmonic  based
waveguides®, light-emitting devices®, solar cells’, V
grooves® and plasmon slots” have been used in literature.
However, some of the above-mentioned shapes are
capable at nanoscale as they can concentrate the optical
radiation to the core of the MIM. In addition, the MIM
waveguides are essentially validated using several
complex numerical simulations and experimentations. It
is reported that these are capable of providing almost
null bend loses while capable of low cost and low
complexity in prototyping."®** The MIM waveguide
is designed, simulated and analysed using FDTD
(Finite Differential Time Domain Solver) based CST
(Computer Simulation Technology) Microwave Studio
Suite. The PML (Perfect Matched Layer) boundaries are
used to investigate the waveguide and the mesh sizes are
taken as 5 nm x 5 nm. Blue colour indicates Metal and
gray colour indicates insulator throughout the paper.

s(w) =¢,—

Results and Discussion

Dual Band Filter without Silica Slits
The dual-band SRR is shown in Fig. 1 (a). The
length of the SRR is 4x L1= 980 nm, thickness of the
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Fig. 1 — (a) Dual band SRR (b)Reflection and Transmission Coefficients of the rectangular Dual band SRR (c) Field distribution at 1300
nm (230.6 THz) and (d) 1600 nm (187.37 THz)

ring (d) is 50 nm. The coupled line feed is used for
giving input power to the square ring.™ The gap (g)
between feed and square ring is 10 nm. The width
(W) of the coupled line feed is 50 nm and length (L)
of coupled line feed is 100 nm. The resonance
condition for the square ring cavity."**°

In order to study the effect of the cavity length on
the characteristics of the filter the corresponding
wavelength response curves have to be plotted for
several cavity lengths. Such characteristic plot is
given in Fig. 1(b). It is evident from Fig. 1(b) that the
first and second valleys of reflection coefficients are
shifted by varying the cavity lengths. The first and
second valleys of reflection coefficients are linearly
tuned by varying the cavity lengths. Accordingly,
when the cavity length is enhanced the corresponding
resonant wavelength is also enhanced. This is given in
the following equation.

L = NAgpp = N(A/Re(N,s;)) Q)

Where, L is the rectangular cavity length, N is the
resonance wavelengths (N=1,2,3, ...). The dual-band
SRR operates on 1300 nm (230.6 THz) and 1600 nm

(187.37 THz) wavelengths respectively. The field
distributions of the dual band SRR at 1300 nm and
1600 nm are shown in Fig. 1 (c) and (d).

Dual Band Filter with single Silica Slits

The transmission characteristics of the MIM
waveguide based SRR with a one silica slit or
gap has been carried out by using CST microwave
studio suite with the fixed widths of the waveguide
and cavity as shown in the Fig. 2 (a). The variation
in transmission spectra of the proposed SRR with
single slit or gap (g1 = 2 nm) as a function of
wavelength for wide band light are shown in
Fig. 2(b). The first resonant peak occurred at 1282 nm
and second resonant peak occurs at 1598 nm
wavelength respectively with a transmission loss of
14.3 dB and 15.8 dB wavelength respectively. If the
length of the SRR increases, the transmission
spectrum shifted to right side of the graph, the
resonant wavelength of the first peak shifted from
1282 nm to 1300 nm and 1598 nm to 1605 nm
respectively. The field distributions at 1282 nm and
1598 nm wavelengths respectively are presented Fig.
2(c) and (d).



892

JSCI IND RES VOL 79 OCTOBER 2020

@

)
v L
© .

(b) Reflection and Transmission Coefficients
-2 T T T T

v T T T T
1200 1300 1400 1500 1600 1700 1800
(d) Wavelength (nm)

Fig. 2 — (a) Dual Band SRR using Single Slit (b) Reflection and Transmission Coefficients of Dual band SRR with Single Slit (c) Field
Distribution in the Dual band SRR with single slit at 1282 nm (233.8 THz) (d) 1598 nm and (187.60 THz)
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Fig. 3 — (a) Dual band SRR using Double Slits (b) Reflection and Transmission Coefficients of Dual band SRR using Double Slit
(c)Field Distribution in the Dual band SRR with Double slits at 1270 nm (230.057 THz) and (d) 1601 nm (187.253 THz)

Dual Band Filter with Double Silica Slits

The transmission characteristics of the MIM
waveguide based SRR with double slits or gaps at
upper and lower sides has been carried out by using
CST microwave studio suite with the fixed width of
the waveguide and cavity respectively and the
proposed filter is shown in Fig 3 (a). The variation in

transmission spectra of the proposed device of SRR
with dual slits are shown in Fig. 3(b). The first
resonant peak occurred at 1270 nm and second
resonant peak occurs at 1601 nm wavelength
respectively with a transmission loss of 14 dB and
16.2 dB respectively. If the length of the SRR
increases, the transmission spectrum can be shifted
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to right side of the graph. The field distributions at
1270 nm and 1601 nm wavelengths respectively are
shown in Fig. 3(c) and 3(d).

Conclusions

The Dual band SRR plasmonic filters are simulated
and numerically analysed. The length of the square
ring 980 nm for dual-band filters. The square ring
resonators are chosen due to ease of fabrication. The
dual-band filters are designed to operate in 1300 nm
(230.6 THz) and 1600 nm (187.37 THz) wavelengths
respectively. These devices have designed, simulated
and observed that the losses are increased with the
increase of number of slits or gaps of the SRR. All the
proposed dual band nature at optical frequency bands
first resonant peak and second resonant peak are
operated simultaneously at 1300 nm and 1600 nm
respectively. All the dual band devices have band pass
filter characteristics. The proposed resonate filter
transmission characteristics are a good agreement
with theorical calculations. The single and dual-band
BPF are used mainly in photonic integrated optical
circuits.
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