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Abstract: This paper presents the design of an all-optical 1 x 2 demultiplexer utilizing elliptical Insulator-Metal- Insulator (IMI)
plasmonic waveguides. The dimensions of the proposed structure are rather compact, measuring 400 nm x 400 nm, and it functions
within the wavelength range of 1550 nm. The devised apparatus among the input signal along with the selector signal utilizes
constructive and destructive interferences. Compared to the earlier works, this structure is considerably simpler. The plasmonic demux's
performance can be assessed using the following five parameters: the first is Transmission (T), the second is Contrast Ratio (CR), and
third parameter is the Modulation Depth (MD), fourth parameters is the Insertion Loss (IL), and the last parameter is the Contrast Loss
(CL). The threshold for transitioning between logic 1 and logic 0 is determined to be 0.3. In addition, the suggested structural
dimensions are deemed to be excellent and ideal, as indicated by the MD value of 97.56%. The plasmonic Demux structure being
proposed plays a significant role in the advancement of all-optical Arithmetic Logic Units (ALUs) and all-optical signal processing
Nano-circuits. The proposed plasmonic Demux is simulated via COMSOL Multiphysics 5.4 utilizing the Finite Element Method (FEM).
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1. Introduction:

The present researchers in the field of integrated circuit
design are showing interest in optical devices that rely on
Surface Plasmon Polaritons (SPPs) [1]. Surface plasmon
polaritons (SPPs) refer to the surface electromagnetic
waves that propagate over interfaces between metals and
dielectrics. The interaction of the free electrons with
electromagnetic waves and that are inherent in metals
gives rise to these waves [1]. The fundamental concept
behind the development of plasmonic devices involves
the manipulation of destructive and constructive
interferences among light signals within plasmonic
waveguides [2-4].

In recent years, numerous plasmonic waveguide
structures have been suggested, including resonators [5],
switches [6], sensors [7-9], nanowires [10-11], logic
gates [12-15], multiplexers[16-19], and demultiplexers
[20-21]. This method employs two primary forms of
plasmonic waveguides: IMI and MIM plasmonic
waveguides. The IMI waveguides contain an extended
propagation length, lowered propagation loss, and a
streamlined fabrication process [19].

The present study introduces a novel configuration
consisting of three linear waveguides interconnected
with two elliptical IMI plasmonic waveguides, aiming to
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achieve a 1x2 demultiplexer. The structure that has been
designed possesses a minimum dimension of 400 nm x
400 nm, with an operational wavelength of 1550 nm. The
numerical outcomes are acquired by the utilization of the
Finite Element Method (FEM) employing the COMSOL
Multiphysics 5.4 software. The plasmonic demultiplexer
under consideration exhibits potential for utilization in
the development of all-optical signal processing Nano-
circuits and all-optical Arithmetic Logic Unit (ALU).
Section 2 outlines the proposed structural organization
and theoretical concept of operation. The efficacy of the
suggested design and the results of the simulations are
elaborated upon in Section 3. In Section 4, the proposed
structure is compared to the prior work .The final section
of the article presents an overview of the primary
conclusions derived from the investigation.

2. Structure layout

According to the reference cited as [19], a study
proposes the optimal dimensions for a 1x2 Demultiplexer
(Demux) based on an IMI plasmonic waveguide. The
proposed design includes three linear stripes and two
elliptical waveguides, as illustrated in Fig. 1. The
metallic region is composed of silver, while the insulator
medium is implemented using pure flint glass. In the
event of a three-dimensional (3D) structure, the substrate
is constructed using a semiconductor material,
specifically silicon. Johnson and Christy [22] have
calculated the permittivity of silver, whereas the
refractive index of flint glass has been reported as 1.61
[23].
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The dimensions of the design region of the proposed
structure measure 400 nm x 400 nm. Additionally, it
should be noted that the dimensions of the two side
stripes measure 400 nm. This information can be found
in Table 1, which provides a comprehensive overview of

the length of the central stripe and all other parameters
pertaining to the proposed construction. The operating
wavelength of 1550 nm is considered the optimal
selection for optical communication applications [19].

Table 1. The proposed structure's parameters.

Parameter Explanation Value
A Width and Altitude of the structure 400 nm
Les Length of the central stripes 240 nm
X The two major axes, "a," greatest and smallest 80 nm,60 nm
y The two minor axes, "b," greatest and smallest 40nm ,20 nm
W strips' width and the nano ellipse resonator s' 20 nm
width
d Distance from the nano ellipse resonator to the 10 nm
stripes
Port 3 Port 4 "
»>|Wie
d d
A
I;»E
Hz X
Flint glass
Silver
4 v

Port 1

Port 5 Port 2

Fig 1. The suggested plasmonic 1x2 Demux has an area of 400 nm x 400 nm.

The Demux under consideration is founded upon the
constructive and destructive interference principles that
regulate the selector signal's relationship with the input
signal. The phenomenon of constructive and destructive
interferences occurring between the selector light signal
and the input light signal is contingent upon both the
phase of the light that arrives signal and the spatial
arrangement of the input port and selector port. The
constructive interference arises when the incidental
signals at the selector and input ports exhibit in the
identical phase and direction of propagation. In addition,
the destructive interference arises when there is a
difference in the direction or in the phase degree of the

incidental signal's passage between the input port and
selector port.

As per the equation (1), the phase disparity gives rise to a
phenomenon of destructive interference between the
signals. The references [12, 19] are provided.

m= (4ny d cosd) /A 1)

The variables m, nesr, d, 8, and A represent the sequence
of interference (m), the silver substance's effective
refractive index (neff), thickness of the metallic element
(d), the phase of the signal incident (0), and wavelength
of incident (L), respectively.
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The plasmonic Mux's performance is characterized by
five characteristics, the first is Transmission (T), the
second is Contrast Ratio (CR), and third parameter is the
Modulation Depth (MD), fourth parameters is the
Insertion Loss (IL), and the last one parameter is the
Contrast Loss (CL). The transmission is associated with
the optical power that is transmitted from the selector
port (port 1) and the input port (port 2) to the output
ports (port 3 and port 4). The transmission is formally
denoted by equation (2) as referenced in source [24, 25].

POUt (2)
P

in

T =

In this context, T represents the transmission, whereas Pin
refers to the power input for ports 1, 2, and 5. The optical
output power at ports 3 and 4 is referred to as "Pou'".
Transmission can be accomplished by the act of
choosing a transmission threshold that distinguishes
between the ON state, representing logic 1, and the off
state, representing logic 0. The value of the transmission
threshold between the logic 0 and the logic 1 at the
output of the proposed 1x2 Demultiplexer is determined
to be 0.3.

The Contrast Ratio is determined by the values of the
smallest output optical power while in the ON state (Pout
|ON) and the greatest optical output power while in the
OFF state (Pout |OFF), as expressed in equation (3) [24,
25].

P..|ON
CR (dB) =10log Po [ON ?3)

P.. | OFF
A greater CR value signifies that the designed structure
is performing in accordance with expectations. The
source mentioned in [24] must be consulted in order to
calculate the value of CR.

The third parameter, known as modulation depth (MD),
this parameter measures the proportion between the
highest transmission rate (Ton|Max) and the lowest
transmission rate (Tore|Min) while the system is in the
OFF state. The equation denoted as (4) is formally
defined as stated in reference [18, 25].

1x2) .
Y — Demux
_’ B
S
(a)

MD = Ton | Max—Tqee | Min 4
Ton | Max

MD measures the optimality of the dimensions chosen
for the proposed design. As per reference [18], the values
of MD are ascertained. The fourth criterion is insertion
loss (IL), which is determined by the input optical power
and the minimal optical output power in the active (ON)
condition. It is calculated utilizing the subsequent
equation [19]:

IL (dB)z—lOIog(Mt‘;+nlMin) 5)

This parameter quantifies the losses that occur during the
insertion of one device into another. The final extracted
parameter is Contrast Loss (CL) that quantifies the losses
caused by the contrast ratio. Inversely, induced losses are
minimal when insertion loss is high and contrast ratio is
low; thus, whenever CL is high, the total loss is minimal,
as per equation (6) [19]:

CL(dB) = CR(dB) - IL(dB) 6)

3. Results of Simulations

In order to investigate the Demux operation, a plane
wave spanning a wavelength of 1200 to 2000 nm has
illuminated the proposed structure, as illustrated in Fig.
1. Fig. 2(a-b) displays the block diagram and truth table
of a 1x2 Demultiplexer. In the constructed
Demultiplexer (Demux), it is observed that port 5
remains consistently in the ON state, whereas the input
port is denoted as Y and its status is associated with port
2. S is used for the selector port at port 1, while B and A
states are used for the output ports at ports 3 and 4,
respectively.

As depicted in Figure 3, when the input port (Y) as well
as selector port (S) are in the deactivated state, the
Demultiplexer's output ports (A and B) are likewise
deactivated. On the other hand, when the input port (Y)
is activated, the output ports (A and B) will be activated
and deactivated, respectively.

S(port1l) Y(port2) A (portd) B (port3)

o 0 0 0

1 0

1 0 0 0

1 1 0 1
(k)

Fig 2. Demultiplexer (a) conventional symbol and (b) truth table.
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Fig 3. The transmission spectrum of the recommended plasmonic Demultiplexer in various states when the selector port is
deactivated.

Furthermore, as illustrated in Fig. 4, when the input port
(YY) is in the deactivated state and the selector port (S) is
in the activated state with a 180-degree phase shift, the
output ports (A and B) of the Demux are also

deactivated. Conversely, in the event that the input port
(YY) is activated with a signal of 180 degrees and the
selector port is also activated, the output ports (A and B)
will be deactivated and activated, respectively.
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Fig 4. The transmission spectrum of the recommended plasmonic Demultiplexer in various states when the selector port is
activated.

The structure exhibits a contrast ratio of 2.55 dB , and its
performance is deemed acceptable, as stated in reference
[24]. Moreover, a modulation depth of 97.56%
demonstrates excellent and optimal performance, as
stated in reference [18]. The measured value for insertion

loss is 4.43 , and its acceptability is confirmed by
reference [19]. Additionally, the contrast losses were
determined to be -1.88 dB. The findings of the Demux
simulation are displayed in Table 2.

Table 2. A summary of the simulation outcomes illustrated in Fig. 3 and 4.

S (portl) Y A B T Tat | Tat CR MD IL CL
(port2) (portd) (port3) | threshold A B (dB) (dB) (dB)
0 0 0 0 0.01 | 0.01
0 1 1 0 0.3 0.36 0.2 2.55 97.56% 4.43 -1.88
1 0 0 0 0.1 0.16
1 1 0 1 0.05 | 0.41
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Fig. 5 (a-d) illustrates the magnetic field's z-component
distribution (Hz) for all scenarios based on its truth table.
The color bar depicted in Fig. 5 (a-d) visually represents

the range of light power intensity. The transition from
blue to red indicates a progressive increase in light power

lambda(36)=1550 nm freq(1)=1.9341E14 Hz
nm

intensity, signifying a shift from low to high levels.

lambda(36)=1550 nm freq(1)=1.9341E14 Hz
nm T - .
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Fig 5. The distribution of magnetic fields (Hz-component) in the following scenarios: (2) S and Y are in an OFF state; (b) S
is in an OFF-state and Y is in an ON -state; (c) S is in an ON-state and Y is in an OFF -state; and (d) S and Y are in an ON-
state.

4. Comparing the Designed Work to Previous illustrates that the proposed structure exhibits favorable

Works

The proposed structure is compared to the prior work,
which is presented in Table 3. The table provided

attributes

Table 6. Comparing the Designed Work to Previous Works.

References Topology Model of Operating Size Performance Complexity
Metal Wavelength Measured
By
[26] Plasmonic
MIM
waveguide Johnsonand | 788 nmand | About1.8 um | One parameter More
. Christy data 820 nm x 1.5 um
leading to a vy K
ring cavity in
hollow
[27] Plasmonic Drude About 1.4 um
slot resonator 1490 nm and x 12 pm One parameter More
1522 nm
[28] Crossing of a
plasmonic One parameter More
(MIM)
waveguide Lorentz- 1553 nm and
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with Drude 1500 nm 3umx 3 um
numerous
side-coupled
hexagonal
resonators
[29] Plasmonic 650 nm and More than
rectangular Drude 980 nm 1.6 um x 600 | One parameter More
(MIM) nm
waveguide
[30] Plasmonic 1074 nm and More than
rectangular Drude 1307 nm 560 nm x 500 | One parameter More
resonators
nm
nanorods
Thiswork | Nano Ellipse
IMI Johnson and 1550 nm 400 nm x 400 | Five parameters Lesser
Nano Christy data nm
plasmonic
waveguides
5. Conclusion plasmonic slot waveguides,” Nano Lett, 12, 5784~

This work presents a novel configuration for an all-
optical 1x2 Demultiplexer (Demux) utilizing elliptical
IMI plasmonic waveguides. The suggested configuration,
which functions at a wavelength of 1550 nm, possesses a
diminutive form (400 nm x 400 nm) and exhibits a
straightforward design. The operational mechanism of
the structure relies on the relationship of destructive and
constructive interferences of the input signal with the
selector signal. The performance evaluation of the
plasmonic Mux under consideration encompasses five
important parameters, namely the Transmission (T), the
Contrast Ratio (CR), the Modulation Depth (MD), the
Insertion Loss (IL), and the Contrast Loss (CL), all
measured at a wavelength of 1550 nm. The
recommended structural dimensions are deemed to be
excellent and ideal, as indicated by the MD value of
97.56%. The results of the simulation were acquired by
the utilization of the Finite Element Method (FEM)
employing the COMSOL Multiphysics 5.4 software.
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