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Dual and multiple asymmetric Fano resonance are theoretically explored in a subwavelength plasmonic
cavity-coupled waveguide system incorporated with a third order Kerr nonlinear medium. The degree
of asymmetry and the number of multiple resonances are controlled by an external pump beam which
modulates the Kerr permittivity thereby dictating the resonant behavior. Electromagnetically induced
transparency in plasmonic systems, referred to as plasmon induced transparency, is a special case of
Fano resonance and plays a key role for the occurrence of multiple Fano excitations. Plasmon induced
transparency appears as induced reﬂectance dips when analyzed in reﬂection mode. Though geometrical dependency of dual and multiple Fano effect is demonstrated, the main interest and importance is
focused on the generation and manipulation of multiple Fano resonances by intensity modulation of
the pump beam and its application in multispectral switching and quality factor tuning at a ﬁxed operating frequency. Published by AIP Publishing. https://doi.org/10.1063/1.5052694

I. INTRODUCTION

Plasmonics has paved the way for the localization and
control of light below the diffraction limit owing to the generation of surface plasmon polaritons (SPPs) which are quasiparticles originating from photon coupled quantized free
charge oscillations at metal-dielectric interfaces.1,2 Deep
nanoscale optical mode conﬁnement by plasmonic waveguide (WG) structures comprising of subwavelength
metal-dielectric-metal (MDM) waveguides (WGs) coupled to
one or several resonant cavities leads to the realization of
highly integrated photonic circuits.3 Both theoretical and
experimental investigations on MDM WG based structures
are reported in abundance for various applications.4–7 The
electromagnetic response of MDM WGs is often characterized by a unique resonant effect termed as Fano resonance
(FR), originating from the interference of a discrete localized
state and a continuum of states. Discovered by Ugo Fano in
1961, Fano resonance (FR) is typically marked by a sharp
asymmetric resonant proﬁle unlike the symmetric Lorentzian
line shape.8–10 The broad continuum state (with a strong coupling effect) exhibits a slow variation of energy compared to
the quick transition of a narrow discrete state (with a weak
coupling effect), and this rapid variation contributes to the
asymmetric excitation. At resonance, the discrete (DM) and
continuum mode (CM) bears different frequencies. However,
if the frequencies of the two interfering states become identical, FR appears as electromagnetically induced transparency
(EIT), usually observed in atomic systems.11–13 Plasmonic
analog of EIT, referred to as plasmon induced transparency
(PIT), is thus a special case of FR and is characterized by a
narrow transmission peak in the center of a broader transmission dip.14,15 In the case of PIT, the asymmetry of the resonant
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line shape almost disappears because of the matched frequencies of the interfering modes. The sharp nature of PIT and
FR are copiously explored and applied profusely in different
plasmonic systems.16–19 Apart from metal plasmonics, the
appealing feature of PIT is also observed in graphene-based
plasmonic systems such as in graphene nanoribbons.20
Graphene structure composed of sinusoidally curved and
planar layers also exhibits dynamically tunable PIT.21,22
Double and multiple Fano and PIT resonant effects are
reported in various metallic nanoplasmonic structures23,24
and in different subwavelength MDM WG systems.25–27 PIT
observed in reﬂection mode would appear as a sharp narrow
reﬂectance dip in the center of a broader reﬂectance peak and
hence the term induced reﬂectance dip (IRD) has been
coined by us to convey PIT in reﬂection mode.
Dramatic enhancement of intensity at the interfaces due
to SPP localization boosts the occurrence of a nonlinear phenomenon at much lower threshold intensities compared to
that required for the optical counterparts.28,29 The ability to
control the system response by modulating the nonlinearity
through an additional pump beam has been explored by
several researchers to study optical switching in MDM WG
systems.30–33 Optical switches with quick switching time and
high contrast ratio can be achieved with Fano resonance
because of quick transition from high to low transmittance
(or reﬂectance) or vice versa.34,35 Moreover, multiple Fano
resonance (MFR) can be exploited to achieve switching at
multiple wavelengths simultaneously.
In the present paper, we have considered a nonlinear
dual cavity coupled subwavelength waveguide system, exhibiting dual and multiple Fano resonance. Tailoring of dual
Fano resonance (DFR) spectra via intensity variation and
structural alteration is investigated in detail. Intensity modulation leading to the occurrence of IRD, followed by the evolution of dual induced reﬂection dips (DIRD) and ﬁnally the
achievement of multiple IRD (MIRD) leading to MFR is
124, 193104-1
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FIG. 1. Cross-sectional schematic representation of the MDM waveguide
side coupled to dual nanocavities.

exhibited. Single and multispectral switching (MS) are demonstrated. DIRD is employed to obtain four wavelength
switching, and simultaneous switching up to seven wavelengths is implemented by the application of MFR.
Performance of the switch for all switching wavelengths
(SWs) is determined. Regulating resonance frequencies of
MFR by the external control beam is also applied to achieve
spectral width tuning or consequently quality factor tuning at
ﬁxed wavelengths providing a platform to achieve a tunable
ﬁlter with varying bandwidth at a ﬁxed operating frequency
without the need for any structural variation.
II. STRUCTURE DESCRIPTION AND THEORETICAL
MODELING

The nanoplasmonic structure under consideration is
depicted in Fig. 1. It comprises a MDM waveguide of
width wwg side coupled to two identical nanocavities C1
and C2, each of height h and width wc. Subwavelength
widths (wwg, wc  λ) ensure fundamental antisymmetric
single mode propagation of the transverse magnetic surface
plasmon polariton (TM-SPP) wave in the waveguide (WG)
when suitably illuminated by an incident beam (Signal) of
wavelength λ. The TM-SPP mode gets coupled into the
cavities due to the tunneling effect through the coupling
distance t. Cavity-cavity separation (CCS) is such that only
indirect coupling between the cavities is supported. The
WG and the cavities are embedded in a silver (Ag) metal
substrate whose frequency dependent optical permittivity is
determined using the Drude dispersion model36 given by
λ2 λc
εm ¼ 1
,
(1)
λ2p (λc þ iλ)
where λp and λc denote the plasma and collision wavelength, respectively. For nonlinear operation, the WG and
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the cavities are ﬁlled with a third order Kerr nonlinear
medium having susceptibility χ(3) and its nonlinear permittivity εnl can be altered by modulating the intensity I of the
pump beam according to the equation εnl ¼ εl þ χ(3) I, εl
being the linear permittivity term, independent of applied
intensity.
The propagating waves within the waveguide strongly
depend on the cavity-cavity phase or CCP (w) of the
SPP wave, satisfying the relations: Iþ12 ¼ I 21 exp (iw)
and Iþ21 ¼ I 12 exp(iw), where w is evaluated as w ¼
2πRe(neff )CCS=λ and neff represents the effective refractive
index which can be determined using the coupled SPP
approximation37 given by
 
rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ1=2
λ
εnl
:
(2)
neff ¼ εnl 1 þ pﬃﬃﬃﬃﬃﬃﬃﬃﬃ 1 þ
εm
πw
εm

Here w = wc = wwg. Spectral response of the system is analyzed using a temporal coupled mode theory38,39 and considering the launching of light from the left port (I+22 = 0),
the reﬂectance can be calculated as R ¼ jrj2 ¼ jI 11 =Iþ11 j2
where the complex reﬂection coefﬁcient r is given by
r ¼ eiw (r1 r2 ) and the reﬂection coefﬁcients r1 and r2 of
continuum and discrete mode are expressed as
κ1 (1 cos w)
κ1 sin w) þ κ0 þ κ1 (1

r1 ¼

i(Δω

,

(3)

r2 ¼

κ1 (1 þ cos w)
:
i(Δω þ κ1 sin w) þ κ0 þ κ1 (1 þ cos w)

(4)

cos w)

In the above equations, Δω ¼ ω0 ω, where ω0 denotes the
resonance frequency of the cavities. κ0 and κ1 are the ﬁeld
decay rates due to internal loss in cavities and due to power
escape from the cavities through the WG, respectively.
ω0 + κ1 sin w and κ1 (1 + cos w) are the modiﬁed frequencies and decay rates, respectively, of the two resonance
modes r1 and r2. As Fano resonance occurs due to interference of the two modes, the total reﬂectance can also be represented in terms of coherent interference of r1 and r2 as
R ¼ jr1 j2 þ jr2 j2 þ 2jr1 jjr2 jcos θ, where θ is the phase difference between the two modes.
The nanoplasmonic cavity coupled waveguide structure has been designed by considering the Kerr medium to
be a nonlinear organic polymer with κ(3) = 1.95 × 10−3
μm2/V2 and εl = 2.3.40 Geometrical parameters chosen are
wwg = wc = 50 nm, h = 250 nm, and t = 5 nm. Resonance

FIG. 2. (a) Spectral response of the
considered system for the continuum
mode, discrete mode, and total reﬂectance exhibiting dual Fano resonance.
CCS = 400 nm and I = 1000 V2/μm2.
(b) Existence of DFR for CCS = 290
nm and I = 20 250 V2/μm2.
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FIG. 3. Tailoring dual Fano resonance (DFR) by simultaneous variation of
applied intensity (I in V2/μm2) and cavity-cavity separation (CCS in nm) as
mentioned in the plots.

frequency ω0 = 2.076 × 1015 rad/s and value of coupling rates
are κ0 = 5.2 × 1012 rad/s and κ1 = 1 × 1014 rad/s.
III. ANALYSIS OF DUAL AND MULTIPLE FANO
RESONANCE
A. Dual Fano resonance in the nonlinear cavity
coupled plasmonic waveguide

Reﬂectance spectra of the nonlinear plasmonic structure for the continuum mode r1, discrete mode r2, and total

FIG. 5. (i) DFR exhibited as DIRD for different applied intensities (I) in
ascending order from (a) to (f ) for CCS = 315 nm. Unit of I mentioned in
the plots is V2/μm2. (ii) ΔλDIRD is plotted for varying intensity.

reﬂectance R are depicted in Fig. 2(a). The discrete mode
reﬂectance manifests narrow spectral width with full width
half maxima (FWHM) of 31.9 nm compared to the broader
width of the continuum mode with FWHM of 85.2 nm. The
total reﬂectance which arises from the interference of the
continuum and discrete mode exhibits two asymmetric
Fano resonant dips (FRDs), one at 858.2 nm which lies
near the peak of the discrete mode and is termed as FRDDM

FIG. 4. Spectral response of the nanoplasmonic system with varying applied
intensity for CCS = 400 nm. Value of the applied intensity having unit
V2/μm2 is mentioned in the top right corner of the individual plots. Intensity
is increased from (a) to (f ).

FIG. 6. Reﬂectance contour for wavelength and intensity variation for
CCS = 400 nm.
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indicating FRD due to discrete mode (DM), and the other
one represented as FRDCM depicting FRD due to continuum mode (CM), located at 994.3 nm near the peak of the
continuum mode. The spectral widths corresponding to
FRDDM are observed to be narrower than FRDCM, as
expected. The occurrence of DFR can be attributed to the
incorporation of nonlinearity activated by an external pump
beam unlike that of a single Fano dip which originates in
case of a simple dielectric medium used in the waveguide
and the cavities of the plasmonic nanostructure considered
in Ref. 9.
To ensure the occurrence of DFR for CCS and intensity
value other than that considered in Fig. 2(a), a simulated
result manifesting DFR for CCS = 290 nm and I = 20 250 V2/
μm2 is plotted in Fig. 2(b). The ﬁgure depicts two asymmetric Fano reﬂection dips at 863 nm and 932.3 nm owing to
CM and DM, respectively. However, both the Fano spectra
are seen to be much narrower compared to the former result,
particularly the sharpness corresponding to FRDDM being
remarkably enhanced. This is accounted to have occurred
due to stronger ﬁeld coupling resulting from the enhancement
of intensity or reduced CCS or both. Also, the spectral distance between the two FR dips (let it be designated by ΔλFR)
is lower in the case of Fig. 2(b) (ΔλFR ≈ 69 nm) compared to
ΔλFR ≈ 136 nm in the case of Fig. 2(a). Apart from tailoring
of ΔλFR with a parametric change, another noticeable observation is that the occurrence of FRDCM and FRDDM is blue
and red shifted, respectively, in Fig. 2(b) with respect to the
central peak wavelength (λP) compared to the red and blue
shift of FRDCM and FRDDM in Fig. 2(a). This spectral ﬂipping of FRDCM and FRDDM about λP is accounted to the
change of cavity-cavity phase (w) which strongly determines
the nature of the asymmetric proﬁle by signiﬁcantly modulating the resonant excitation wavelengths.9
By observing and comparing both the plots of Fig. 2,
one can infer that the resonance wavelength and ΔλFR can be
controlled by altering the applied intensity or structural
parameter (CCS) or both. So to investigate the pattern of this
modulation, Figs. 3(a)–3(f ) are plotted with a simultaneous
reduction of CCS and an increment of intensity. It is
observed from Figs. 3(a)–3(f ) that as the intensity increases
with a simultaneous reduction in CCS, FRDDM shows red
shift and FRDCM depicts blue shift thereby gradually reducing the FWHM of the central reﬂectance peak or, in other
words, reducing ΔλFR. This reduction of ΔλFR is marked by
the tapering region indicated by the red dotted lines in the
ﬁgure. Also, the spectral width of the FR due to DM and
CM becomes sharper and narrower with increased intensity
and reduced CCS, consequently approaching the typical
asymmetric FR nature. In Fig. 3(f ), the degree of asymmetry
of FRDDM gets so much modulated that the FRDDM appears
like a narrow induced reﬂectance dip (IRD) in the center of a
broad reﬂectance peak.
Now if we compare Figs. 2(b) and 3(b), we observe a
spectral ﬂipping of FRDCM and FRDDM for the same CCS
value (290 nm) but different pump intensities. Such a ﬂipping
can be attributed to mirror image formation due to CCP alteration resulting from different pairs of intensity, leading to
varying refractive index, for a ﬁxed CCS value. This is in
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FIG. 7. Reﬂectance spectrum for two different input intensities revealing
optical switching, and the switching wavelengths are marked by λ1, λ2, and
λ3, where λ1 = 876.3 nm, λ2 = 924.1 nm, and λ3 = 947.5 nm. Here CCS = 400
nm. The ON and OFF states are depicted by ﬁlled circles and squares,
respectively.

agreement with the same explanation for the occurrence of
mirror image formation of FR dips for different pairs of CCS
for a particular refractive index.9
B. Evolution of IRD and DIRD

When one of the FR modes become distinct and markedly sharper and narrower than the other(s), it transpires itself
in the form of an emerging resonance in the center of a broad
spectral response. In our case, it appears as IRD in the center
of a broad reﬂectance peak as can be observed from Fig. 4.
On enhancing the intensity from 1000 V2/μm2 [in Fig. 4(a)]
to 6300 V2/μm2 [in Fig. 4(b)], an IRD originates, seeming to
arise from the bifurcation of the reﬂectance peak of Fig. 4(a).
In the consequent ﬁgures [Figs. 4(c) and 4(d)], the reﬂectance value lowers (i.e., the IRD deepens) on successive
increment of intensity. With further application of higher
intensities, both the FR dips start becoming prominent and
appear as DIRD as observed from Figs. 4(e) and 4(f ). The
spectral distance between the two dips of DIRD is deﬁned as
ΔλDIRD as indicated in the ﬁgure. As IRD (analogously PIT)
is a class of FR, DIRD can also be considered as dual (or
double) PIT, thus reﬂecting DFR.
The existence of DIRD for different intensity values is
depicted in Fig. 5 for another value of CCS = 315 nm. On
close investigation of plots (a) to (f ) in Fig. 5(i), it is
observed that the two resonant dips of DIRD become closer

FIG. 8. Differential reﬂectance (ΔR) versus wavelength plot for triple wavelength switching.
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IV. APPLICATION IN OPTICAL SWITCHING
A. Single wavelength optical switching and
introduction to multispectral switching (MS)

FIG. 9. Two DIRD plots for four wavelength switching (CCS = 400 nm).
The four SWs are λa = 886.3 nm, λb = 890.8 nm, λc = 926 nm, and λd = 930.6 nm.

and narrower with a gradual increase in intensity. This inference is quantitatively conﬁrmed through graphical analysis in
Fig. 5(ii) which depicts the behavior of ΔλDIRD as a function
of pump intensity. The plot ensures reduction of ΔλDIRD with
increasing applied intensity for a ﬁxed value of CCS.
C. Multiple Fano resonance

From the contour plot of Fig. 6, which depicts the reﬂectance proﬁle for varying intensity and wavelength, it is
observed that for a ﬁxed wavelength band, the number of
Fano modes increases with increasing intensity. For a
detailed explanation, the wavelength band denoting the
occurrence of Fano dips due to discrete mode and continuum
mode is marked by bands ABCD and PQRS, respectively. In
each of these, for a lower intensity region, marked by boxes
1 and 3, very few modes are observed compared to the large
number of modes marked by boxes 2 and 4 in the higher
intensity regime. The blue dots denoting lower intensity indicates the reﬂectance dips in the ﬁgure. The multiple dips
account for the MIRD leading to the occurrence of MFR.
Application of MFR to implement multispectral switching is
explored in Sec. IV.

Modulation of the permittivity of the Kerr medium by
controlling the pump beam intensity results in the shift of
spectral characteristics, and this feature is utilized to
achieve optical switching in the plasmonic system. Since
in our investigations the reﬂected signal is treated as the
output beam, high and low reﬂectance denote ON and OFF
state, respectively. Ideally, 0% and 100% reﬂectance shall
mean an OFF and ON state, respectively, but practically in
the results obtained, OFF and ON states are considered
below and above a threshold reﬂectivity value of 0.2 and
0.5, respectively.
Figure 7 depicts optical switching using the spectral
response for two pump intensities. To begin with, let us demonstrate optical switching at a single wavelength (λ1) for
which we consider block “A” highlighting high reﬂectance at
λ1 = 876.3 nm for I = 2100 V2/μm2 and very low reﬂectance
for I = 11 600 V2/μm2 at the same wavelength. Thus, by
switching the intensity from one value to another, the signal
is made to transit from a high value (ON-state) to a low
value (OFF-state) or vice versa at a particular wavelength
known as the switching wavelength (SW). This enables the
device to switch between ON and OFF states at the SW and
hence serving as an optical switch. The same mechanism is
valid for optical switching at λ2 = 924.1 nm and λ3 = 947.5
nm. Since in this case, switching operation is achieved simultaneously at three wavelengths (λ1, λ2, λ3), the device can
now be utilized as a multispectral switch. In Fig. 7, out of λ1,
λ2, and λ3, any two SWs can be used for dual wavelength
switching as well. Moreover, the DFR dips are seen to
provide the switching at λ1 and λ3.
The efﬁciency of the optical switch can be quantitatively
determined through the evaluation of differential reﬂectance,

FIG. 10. Optical switching at (a) ﬁve,
(b) six, (c) seven wavelengths (CCS =
400 nm), and the corresponding SWs
shown in (d).
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FIG. 11. (a) ΔRmax plot at the ﬁve switching wavelengths with a zoomed image for the 3rd and 4th switching wavelengths depicted alongside. (b) shows the
modiﬁed ﬁve wavelength switching, and (c) depicts ΔRmax for the new 3rd and 4th switching wavelengths.

ΔR = (RON − ROFF)/ROFF, where RON and ROFF denote the
reﬂectance at ON and OFF states, respectively. ΔR is obviously seen to obtain high values at the SWs as illustrated in
Fig. 8 which is plotted corresponding to the optical switching
depicted in Fig. 7. The maximum differential reﬂectance
given by ΔRmax is calculated from the graph of Fig. 8 and is
evaluated to be 50.4, 4.2, and 101 at λ1, λ2, and λ3, respectively. Higher ΔRmax reveals higher switching efﬁciency
(SE). High SE at λ1and λ3 compared to that of λ2 has resulted
from very low reﬂectance value at these two wavelengths.
Moreover, SE is almost double in case of switching at λ3
compared to that of λ1. This is because of almost a twofold
reduction of the reﬂectance value at λ3 with respect to λ2
during their corresponding OFF states as calculated from the
corresponding plots.
B. Implementation of DIRD in four wavelength
switching

The spectral shift of DIRD with modulation of input
intensity producing resonant dips at four wavelengths λa, λb,
λc, and λd is illustrated in Fig. 9. The switching principle is
the same as that of the previous cases. ΔRmax manifesting the
switching efﬁciency at λa, λb, λc, and λd is evaluated to be
12.48, 5.02, 5.04, and 12.13, respectively.
C. Implementation of MIRD for multispectral switching
at higher number of wavelengths

The optical switching at 5, 6, and 7 wavelengths can
also be achieved with modulation of the applied intensity as
shown in Figs. 10(a)–10(c), respectively, and the numerical
value of the SWs is tabulated in Fig. 10(d). This multispectral switching beyond four wavelengths can be attributed to
MIRD arising from MFR.
ΔRmax analysis can be effectively used to choose efﬁcient optical switching. As an example, let us initially evaluate ΔRmax for switching at ﬁve wavelengths [Fig. 10(a)].
ΔRmax presented as bar plots in Fig. 11(a) is seen to yield
ultra high values of 1208, 303, and 895 (rounded off values)
at the 1st, 2nd, and 5th SWs. On the other hand, very low
values of ΔRmax = 11.62 and 4.3 are obtained for switching
at the 3rd and 4th wavelength, respectively [as is clear from
the zoomed section of Fig. 11(a)]. This is due to the fact that
the value of the reﬂectance dip at these wavelengths are not
negligible compared to the almost zero reﬂectance dips at
1st, 2nd, and 5th switching wavelengths. Now if we choose
two new wavelengths λm = 938 nm and λn = 942 nm [from
Fig. 10(a)] in place of the original 3rd and 4th SW, it provides ΔRmax = 26 and 29 (rounded off ) which is almost two

and sevenfold higher than that achieved at the original SWs.
Thus, we now substitute the 3rd and 4th SWs at 938 nm and
942 nm instead of 887 and 892.5 nm. Thus, by evaluating
ΔRmax one can choose the switching wavelengths yielding
higher switching efﬁciency manifested in terms of maximum
differential reﬂectance. The modiﬁed ﬁve wavelength switching is illustrated in Fig. 11(b) and the corresponding bar plot
showing ΔRmax considering the new SWs is demonstrated in
Fig. 11(c). ΔRmax for six and seven wavelength switching as
calculated from Figs. 10(b) and 10(c) is plotted in Fig. 12.

V. Q-FACTOR TUNING AT FIXED WAVELENGTH BY
SPECIFIC INTENSITY MODULATION

Modulation of the pump beam intensity usually brings
about a shift in the resonant wavelengths, and such a shift is
generally utilized to cause the device to operate as an on-off
switch. But, however, unlike that of the switching phenomenon, it has been found that for certain chosen speciﬁc intensity values of the pump excitation, one of the resonant dips
in the spectrum merges at a ﬁxed wavelength for all curves
corresponding to different intensities, and the spectral width
of the coincident resonant dips is different for each curve.
This is clariﬁed from Fig. 13. Figure 13(a) shows the
reﬂected spectra for four different intensities. For these
certain speciﬁc intensities, one of the dips of all the curves is
seen to merge at 928.5 nm, and the spectral bandwidth is
observed to be different for each intensity value. For better
clarity, the zoomed portion of the reﬂectance dips at 928.5
nm is depicted in Fig. 13(b) which reveals that the spectral
width becomes narrower with an increase in applied intensity. To conﬁrm the phenomenon, another set of reﬂected

FIG. 12. Maximum differential reﬂectance plot (in log scale) for six and
seven wavelength switching.
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FIG. 13. Spectral width tuning (CCS
= 400 nm) at a ﬁxed wavelength of (a
and b) 928.5 nm and (c and d) 879.5
nm.

spectra is shown in Fig. 13(c) which ensures the merging of
one of the resonance dips at a particular wavelength of 879.5
nm, for all the four spectra corresponding to different speciﬁc
intensities. Spectral width reduction with enhanced intensities
is also evident from Fig. 13(d). Thus, spectral width manipulation manifesting bandwidth tuning is depicted for two ﬁxed
central wavelengths of 928.5 nm and 879.5 nm, by launching
the pump beam at speciﬁc intensities with narrower spectrum
achieved at higher intensity values in each case. Tuning the
bandwidth in this manner provides a platform for the device
to be used as a tunable band-stop ﬁlter with the advantage of
requiring only an external beam intensity modulation compared to the structural alteration requirement to achieve bandpass or band-stop ﬁltering in other plasmonic waveguide
coupled devices.11,12 Moreover, such a ﬁlter application is
much desired where bandwidth tuning is required without
changing the operating frequency.
Quantitative evaluation of the spectral width tuning is
performed by determining the Quality factor (Q-factor)
which provides a Figure of Merit for analysis of cavity based
systems and is mathematically deﬁned as41,42
Q

λO
factor ¼
,
FWHM

(5)

TABLE I. Quality factor calculation for two fixed operating wavelengths.
Wavelength
(nm)
928.5

879.5

Specific intensity values
(V2/μm2)

FWHM
(nm)

Quality
factor

1 440
27 600
67 200
196 300
15 300
27 600
88 400
196 700

6.2
4.7
3.0
1.6
10.7
7.8
4.0
2.4

179.76
197.55
309.50
580.31
82.20
112.76
219.87
366.46

where FWHM denotes the full width half maxima of the
spectrum and λO is the operating or resonant wavelength.
The FWHM and the corresponding Q-factor of the merged
resonant proﬁles are calculated from Fig. 13 for two operating wavelengths and are tabulated in Table I. For both the
operating wavelengths, it is observed that FWHM reduces
with an increment of intensity and evidently the Q-factor is
higher for higher applied intensity. The highest Q-factor corresponding to the highest intensity ensures higher energy
conﬁnement for narrower spectrum. Moreover, quantitative
evaluation suggests that an extremely low FWHM of 1.6 nm
can be obtained revealing the achievement of ultra narrow
line shapes with an appreciably good Quality factor. Also,
the maximum calculated FWHM is only 10.7 nm, and thus
we can infer that ﬁne ﬁltering can be achieved using this
device. Very low FWHM exhibiting ultra narrow FR line
shape is accounted to nonlinearity effect and the presence of
dual cavities enabling higher coupling efﬁciency.
VI. CONCLUSION

Dual and multiple Fano resonance have been investigated through the incorporation of a third order Kerr nonlinear medium in a nanoplasmonic waveguide coupled cavity
system. The increment of pump beam intensity along with
the reduction of cavity-cavity separation of the structure leads
to narrower FR line shapes and reduced spectral separation
between the FR dips. Spectral ﬂipping of FRDDM and
FRDCM is also obtained via CCP control through intensity
modulation. Generation of DIRD from IRD and subsequent
evolution of MIRD with a suitable and gradual increment of
intensity is exhibited. Spectral shift of FR dips due to alteration of nonlinear permittivity is applied to achieve optical
switching, and DIRD and MIRD are utilized to implement
the device as a multispectral nanoplasmonic switch.
Multispectral switching up to seven wavelengths is demonstrated along with switching efﬁciency evaluation in terms
of maximum differential reﬂectance. Such a performance
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evaluation is utilized to enhance the efﬁciency of the switch
at certain switching wavelengths. Apart from this, bandwidth
tuning of multiple resonances at a particular wavelength is
demonstrated for two center frequencies and both cases
ensure the achievement of ultra narrow FWHM along with
the enhancement of the quality factor with increased intensity
of the pump excitation. Such spectral width tuning is advantageous where tunable ﬁltering is required without changing
the operating frequency which can be achieved simply by
controlling the external pump excitation without the need for
any structural modiﬁcation.
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