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Design of a Novel 1x4 Two-Dimensional
Demultiplexer Based on Multicore Photonic
Crystal Fiber
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Abstract—This work suggests a brand-new 1*4 two-dimensional
demultiplexer design based on multicore photonic crystal fiber.
Numerical models show that the optical signals can be separated in
a photonic crystal fiber construction using optical signals with
wavelengths of 0.85, 1.1, 1.19, and 1.35 pm injected on the center
core and separated into four cores. The innovative design switches
different air-hole positions using pure silica layers throughout the
length of the fiber to regulate the direction of light transmission
between layers.

Wavelength demultiplexers are essential parts of optical
systemic communications. They serve as a data distributor and can

use a single input to produce multiple outputs. The background
material is frequently natural silica, and air holes can be found
anywhere throughout the length of the fiber as the low-index
components.

The simulation results showed that after a 6 mm light
propagation, the four-channel demux can start to demultiplex.

Keywords—Photonic Crystal Fiber; demultiplexer;
coupling; normalized power; light transmission
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I. INTRODUCTION

NEW family of optical waveguides known as photonic

crystal fibers (PCFs) has recently received significant
research and commercial interest [1-3]. PCFs are silica or
polymer microstructured waveguides with plenty of air holes
positioned in the cladding area of the fiber [4]. In PCFs, light
can be steered either by the photonic band gap (PBG)
phenomena [5, 6] or through the effective index mechanism
connected to the modified total internal reflection (MTIR) [7,
8]. The propagation characteristics of PCF can be fine-tuned,
offering additional functions, by adding other gases, liquids, or
solid materials into the air holes [9-13].
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Fig. 1. Photonic Crystal Fiber Structure
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Air holes in the cladding area are evenly distributed around a
core defect zone to create PCFs [14, 15]. The dimensions of the
PCF structure are shown in Figure 1; where d stands for the
diameter of the air holes and A (pitch) represents the separation
between them. When pure silica is used as the background
material, lower-index zones are created by evenly spacing air
holes throughout the length of the fiber. The parameters of the
structure are shown in Table I, and the refractive index of silica
for the selected wavelength (0.85, 1.1, 1.19, and 1.35 pm) are
shown in Table II.

TABLE I
THE PARAMETER OF THE PCF

Parameter Value
Pitch (a) 1.88 (um)
Diameter (d) 0.9 (um)
Length of fiber 6000 (nm)
2)
Nair 1
TABLE IT
THE REFRACTIVE INDEX OF SILICA OF THE FOUR SELECTED WAVELENGTH
A (um) Nsilica
0.85 1.4525
1.1 1.4492
1.19 1.44816
1.35 1.44635

An electronic device called a demultiplexer divides a
multiplex signal into its constituent parts. It is one among the
numerous components that go into creating wavelength division
multiplexing (WDM) systems [16] and allows the signal carried
by several wavelengths to be split between a single input and
multiple outputs. High data bitrate transfer, low propagation
bitrate, and low bit error rate are just a few benefits of using this
device. [17-20].
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Fig. 2. Example of demultiplexer device

There have been numerous reports of Demux based on
photonic crystal fiber. They have put out a brand-new design for
an RGB demultiplexer that is based on a polycarbonate (PC)
MC-POF structure. This design enables to control of the
direction of light propagation between the PC layers by
replacing different air-hole locations with PC layers along the
fiber length [18], then it has been demonstrated that a novel
eight-channel demux device based on multicore photonic crystal
fiber (PCF) architectures that operate in the C-band region
(1.530-1.565 um) is feasible [9], Siahlo et al made a photonic
crystal fiber with a zero-dispersion wavelength at 1.552 pm is
used as the nonlinear medium in a nonlinear optical loop-mirror-
based demultiplexer [21], Hameed et al analyzed and proposed
a novel multiplexer-demultiplexer (MUX-DEMUX) design
based on index-guiding soft glass nematic liquid crystal (NLC)-
based photonic crystal fiber coupling [22].

By adopting various air-hole sizes in the PCF structure and
altering the PCF index profile by replacing certain air-hole areas
with pure silica throughout the fiber length, this work illustrates
the capability of linking light across closed ports (cores) in a
PCF design. The simulation results showed that after 6mm of
light propagation, the four-channel demux could be
demultiplexed.

II. MATERIALS AND METHODS

The two-dimensional (2D) demultiplexer design for the
multicore PCF is currently provided with a ratio of 1*4.

The primary function of the PCF demux device is to control the
size of the light coupling length between two neighboring ports
and to confine light inside the channel (core). To achieve these
results, some air-hole actors can be replaced with a pure silica
high-index substance running the length of the fiber.

Light can be coupled between two closer ports with the same
index of refraction value, and a port with a high index value can
also achieve significant light confinement (pure silica material)
thanks to the MTIR (modified total internal reflexion), which is
the basis for the light-guiding mechanism in our design.

The refractive index profile of the suggested structure at y =
Omm is shown in Figure 3 (a).

In this diagram, the purple portions represent air (n=1) while
the red areas indicate pure silica (n=1.45). Figure 3 (b) shows
the cross sections of the suggested demultiplexer at z=0mm, the
plane from which light propagates, and Figure 3 (c) shows that
there are four cores at z=6mm. Port 1 represents output channel
1, port 3 represents channel 2, port 5 represents output channel
3, and port 8 represents output channel 4.
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Fig. 3. The cross-section of the 1*4 wavelength demux: (a) XZ plane aty =
0 mm. (b) XYPlane at z= 0 mm. (c) XY plane at z=6mm

III. RESULTS

Figures 4 and 5 show the input/output beam at the x-y plane
for the four wavelengths of 0.85, 1.1, 1.19, and 1.35 um. The
power demultiplexer had an effect since, after 6mm, we noticed
that our input signal had been divided into four output signals.
1.0
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Fig. 4. The 1x4 input power demultiplexing of the four optical signals (a:
A=0.85pum; b: A =1.1pm; c: A=1.19um; d: A=1.35um) at z=0mm
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Fig. 5. XY cross-section optical signals simulations intensity demultiplexing
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Fig. 6. Profile of intensity of the 1*4 wavelength demultiplexer. a: for the
optical signal A =0.85pum; b: A =1.1pum; c: A=1.19um; c: A= 1.35um

Figure 6 shows the light coupling between PC cores and the
light traveling across the entire fiber length at the x-z plane for
the chosen wavelength channels.

The optical path of the light with a wavelength of 0.85 um in
the PCF structure is shown in Figure 6 (a) as follows: The first
z step occurs at z=1.41 mm, where the light is directed from the
input port 4 toward the output port 5; the second z step occurs
at z=4.116 mm, where the output channel 1 is the intended
recipient of the light traveling through the coupled port 4.
Finally, the light arrives on port 2 at z=5.346 mm, and passes
from port 4 to port 3 at 4.8 mm and from port 3 to 2 at 4.8 mm,
before propagating to the output port 1 (channel 1).

Figure 6 (b) depicts the optical path taken by light with a
wavelength of 1.1 um through the PCF structure. The light is
directed from the input port 4 toward the output port 5 in the
first z step, which happens at z=2 mm. In the second z step,
which happens at z=3.421 mm, the light is destined for the
output channel 2 but is passing through the coupled port 4. At
7=5.356 mm, the light propagates to the output port 1 (channel
2) after passing from port 4 to port 3, port 3 to 2 at 3.7 mm, port
2 to port 1 at 4.2 mm, and port 1 to 2 at 5 mm.

In Figure 6 (c), the optical path of light with a wavelength of
1.19 pm in the PCF structure is depicted as follows: The first z
step happens at z=2 mm, where light is directed from the input
port 4 toward the output port 5, and the second z step occurs at
7z=3.321 mm, where light passing through the coupled port 4 is
destined for the output channel 3. Before reaching the output
port 5 (channel 3), the light arrives on port 4 at z=5 mm and
travels from port 4 to port 3 at z=3.4 mm, port 3 to port 2 at 3.7
mm, port 2 to port 1 at 3.9 mm, port 1 to port 4 at 4.5 mm passing
from port 2 and port 3 at 4.8 mm and 5.1 mm, respectively.

Figure 6 (d) illustrates the optical path of light in the PCF
structure with a wavelength of 1.35 pm as follows: Light is
directed from the input port 4 toward the output port 8 in the
first z step, which occurs at z=1.398 mm. Light is directed
toward the output channel 4 in the second z step, which happens
at z=1.666 mm from port 5 to port 6. The light travels from port
6 to port 7 at z=1.785 mm, from port 7 to port 8 at 3 mm, then
from port 8 to port 7 at 4.661 mm, and arrives at 5.1mm on port
7 before arriving at output port 8 (channel 4).
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Fig. 7. Standardized input and output power of 1*4 power demultiplexer for
the optical signals A1=0.85um, A2=1.1um, A3=1.19um, and A4=1.35um

Figure 7 (a) demonstrates that the input power in the core
achieves a maximum of 76%,; nevertheless, transmission losses
of 24% were incurred because of connector loss, bends, and the
absorption of the intrinsic materials. At 3.822mm, the output
power begins to grow and reaches a maximum of 33% and the
input power drops to zero.

The input power in the core peaks at 80% in Figure 7 (b) before
decreasing to zero at 4511mm. To focus input power on the
output port, which must travel through several stages as it
connects one segment to its neighbor with light coupling, this is
necessary. The output port power starts to increase at the same
value of 451 1mm and rises to a maximum of 27%.
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At 0 mm, the initial power of the transmission is 80%, and we
observed 20% transmission losses as a result of intrinsic
material absorption, bends, and connection loss. However, after
this point, the input signal will be zero because it is now pointing
to the output port. To create a coupling zone and amplify our
signal, we drilled silica holes through the at different phases. At
the output port, power increases from 0% to 80%; at 5 mm, the
output power is at its maximum of 25%, while the input power
is at 0% (figure 7 (c)).

Figure 7 (d) shows that the input power peaks at 83% in the
core and drops to zero at the departure point (0 mm). This is
because the input power will be focused on the output port after
passing through several stages while moving from one segment
to its neighbor with light coupling. The output port power grows
at 2.514mm and reaches a maximum of 50%; at 6mm, the output
power is 39% and the input is at zero.

Our four optical signals are shown in Figure 8 at their initial
maximum (100%). Figure 9 (a-d) showed a high transmission
of 89% for the core (0.85 um), 76% for the core (1.1 pm), 71%
for the core (1.19 um), and 83% for the core (1.35 um), which
is a successful outcome. At the output (6mm), the input signal
was divided into four signals, which is the role of a
demultiplexer.

1

0.8 4
(S
w 0.6 i
5
& 0.4 i
=
0.2 i
(0] 3
o] 100 200 300 400
X(um)
Fig. 8. The normalized coupling efficiency at z=0mm
1 0.8
0.8
s 506
% 06 2
I3 E 04
2]
S 0.4 E
- F 02
0.2
0 sa B | 0 5 smac\ |
0 30 400 0 100 200 300 400
Xm) Xm)
0.8 1
5 06 : 08 !
8 @06
@2 o 0
é 0.4 £
& g 0.4
}_ —
0.2 e
o N
0 100 200 300 400 () b = .
X(um) 0 100 200 300 400

Xm)

Fig. 9. The normalized coupling efficiency at z=6mm for the 0.85um(a),
(1.1pm(b), 1.19um(c), 1.35um(d)
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Fig. 10. The total normalized coupling efficiency at z=6mm for the four
output optical signals

CONCLUSION

In conclusion, we have proposed a 1x4 wavelength
demultiplexer in this work and demonstrated that this
demultiplexer can be used with integrated multiple air-hole
placements in the PCF structure and replaced along the PCF axis
with pure silica and that will be routed until the output, to
achieve the required optical power outputs at their highest level.

Additionally, this work demonstrates how the MTIR
mechanism may be employed to alter the direction of light
propagation within the multicore PCF, allowing light to couple
only the silica components and achieving greater light
confinement for the higher index material.

According to the simulation results, the 1x4 wavelength
demultiplexer is capable of separating the four wavelengths
effectively, allowing them to propagate through the device with
minimal interference. This separation occurs after a distance of
6 mm and is achieved using integrated multiple air-hole
placements within the photonic crystal fiber (PCF) structure.
The demultiplexer can be further modified by replacing certain
sections along the PCF axis with pure silica, ensuring that the
required optical power outputs are achieved at their highest
levels.

The output transmission for the four wavelengths (0.85 um,
1.19 um, 1.1 pum, and 1.35 um) at their respective output ports
is 89%, 76%, 71%, and 83%. These results demonstrate the
potential of this device to be used in a Dense Wavelength
Division Multiplexing (DWDM)-based optical communication
system, which requires the transmission of multiple optical
signals at different wavelengths over a single optical fiber.
Overall, the 1x4 wavelength demultiplexer shows great promise
for improving the performance of optical communication
systems by providing effective separation of different
wavelength channels.
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