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Numerical Analysis of 1× 4 Photonic Crystal Fiber Multiplexer
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Abstract—A brand-new four-channel mux system built entirely out of multicore photonic crystal fiber
(PCF) structures, which permit wavelength multiplexing at 0.85, 1.19, 1.1, and 1.35µm, has been
confirmed. The multiplexer is a device that sends multiple messages or signals simultaneously via one
communication channel. PCF is a category of optical fiber primarily according to the characteristics of
photonic crystals, and it is an effective waveguide based on the interaction of microstructured materials
with various refractive indices. Silica substance was used to fill up a few air-hole places to optimize the
PCF mux structure along with coupling light between more nearby ports (cores) over the PCF axis.
The low-index portions are air holes that may be found anywhere along the length of the fiber, and the
background material is often natural silica.

1. INTRODUCTION

Effective waveguide known as photonic crystal fiber (PCF) is founded on the microstructural fusion
of materials with various refractive indices [1–3]. The low-index portions are air holes that may be
positioned throughout the length of the fiber, and the background material is typically natural silica.
The extraordinary potential of employing PCF design in contrast to traditional fibers has been supported
by numerous publications [4–9]. The ability to incorporate special substances with a wide range of
refractive index values is the primary advantage of building a mux device using a PCF design. This
is because the bandgap [10, 11] and modified total internal reflection (MTIR) [12, 13] are the basis of
light-guiding mechanisms in PCF. The ability to reduce coupling length is the other gain, particularly
compared to tightly coupled ports (cores).

A core defect zone has air holes evenly distributed around it in the cladding area to produce PCFs.
Figure 1 shows the geometrical features of the PCF structure; d stands for the diameter of the air hole;
and Λ (Pitch) is the space between two air holes. Typically, pure silica serves as the background material,
and air holes are spaced evenly over the length of the fiber to create lower-index areas. Table 1 shows
the parameter value of the structure, and Table 2 shows the index of refraction values of the materials
for the chosen wavelength (0.85, 1.1, 1.19, 1.35µm).

Multiplexers produce a single output signal by combining many input signals (sources) sent by
distinct wavelengths. Many benefits of multiplexing include the ability to send numerous signals at
once and minimal bit errors with a lot of data bitrate on a single channel [14].

Figure 2 illustrates a multiplexer device, a sophisticated electronic component capable of efficiently
combining and transmitting multiple signals from various sources (N input signals) over a single
communication line, resulting in a unified output signal. This innovative technology plays a crucial role
in streamlining data transmission processes by allowing the convergence of diverse information streams
into a compact and manageable form, significantly enhancing the overall efficiency and effectiveness of
communication systems.
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Figure 1. Photonic crystal fiber structure.

Table 1. The parameter of the PCF.

Parameter Value

Pitch (Λ) 1.88 (µm)

Diameter (d) 0.9 (µm)

Length of fiber (Z) 6000 (µm)

nair 1

Table 2. The refractive index of silica of the four selected wavelength.

λ (µm) 0.85 1.1 1.19 1.35

nsilica 1.4525 1.4492 1.44816 1.44635

Multiplexer
One

output

signal

N inputs signals

Figure 2. Example of multiplexer device.

There have been reports of many mux based on photonic crystal fiber. They have suggested using
an oil-filled photonic crystal fiber with four-wave mixing (FWM) to create a fiber temperature sensor
(PCF) and employing innovative hexagonal mid-gapped tiered PCF mode group equalizers and three-
core photonic crystal fiber (PCF) mode group multiplexers that benefit from optical space division
multiplexing to improve the signal quality and increase the range of the connection in a rural setting,
and for the first time, a CirD laser for wavelength division multiplexing (WDM) applications is produced
using the finite-difference time-domain approach in three dimensions [15–19].

Several methods, employing various air-hole sizes in the PCF structure and altering the PCF index
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profile by replacing some air-hole regions with pure silica over the fiber length [20–22], have been used
to demonstrate the ability to link light between nearby ports (cores) in a PCF construction.

This study showed how a PCF structure can split four wavelengths into a 1 ∗ 4 wavelength mux.
The working range of wavelengths is 0.85, 1.1, 1.19, and 1.35µm. Over the length of the fiber, some
areas with air holes were replaced with natural silica material to achieve the light coupling between the
tighter linked cores.

As far as we can tell, this paper aims to look at how silica integrated across a multicore PCF
structure can be utilized to influence the direction of light propagation. The results of this research
were used to develop a unique multiplexer that worked throughout the multicore PCF structure with
no additional optical components needed. An innovative technique to reduce the cost and dimensions
of the optical communication system might be developed as a result of this.

2. MATERIALS AND METHODS

Respectively, on the XZ plane (y = 0mm), XY plane (z = 0mm), and XY plane (z = 6mm),
Figures 3(a)–(c) depict the entire mux PCF design refractive index profile structure. In these figures,
the natural silica background material is indicated in a red tint, while the air-hole regions are highlighted

Output port

Input ports
(a)

(b) (c)

Figure 3. Refractive index profile of the 1 ∗ 4 wavelength mux: (a) XZ plane at y = 0mm. (b) XY
plane at z = 0mm. (c) XY plane at z = 6mm.
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in purple, and d, Λ (pitch), and z are the geometrical characteristics of the PCF design.
The main functionality of the PCF mux device is based on regulating the light coupling length

size between two nearby ports and confining light inside the channel (core). A pure silica high-index
material along the length of the fiber can be used to replace some air-hole actors to achieve these effects.

Since the modified total internal reflection (MTIR) serves as the foundation for the light-guiding
mechanism in our concept, light can be linked between two closer ports with the same index of refraction
value, and a port with a high index value can accomplish significant light confinement (pure silica).

The four input ports (ports 1, 2, 3, and 4) at z = 0 and one output port at z = 6mm are shown
in Figures 3(b) and (c).

3. RESULTS

The input/output beam of the four wavelengths 0.85, 1.1, 1.19, and 1.35µm at the x-y plane is depicted
in Figures 4 and 5. After a distance of 6mm, we observed that our input signals were merged into just
one output port, indicating that the power multiplexer had an impact.

(a) (b)

(c) (d)

Figure 4. The 1×4 input power multiplexing of the four optical signals (a) λ = 0.85µm; (b) λ = 1.1µm;
(c) λ = 1.19µm; (d) λ = 1.35µm at z = 0mm.

Figure 6 demonstrates the light coupling between cores and the light propagating over the entire
fiber length at the x-z plane for the selected wavelength channels.

Figure 6(a) depicts the optical path from the beginning of the transmission (λ1 = 0.85µm) to the
center (the output), passing through the various stages: from input channel 1, which represents port 1,
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(a) (b)

(c) (d)

Figure 5. The 1×4 input power multiplexing of the four optical signals (a) λ = 0.85µm; (b) λ = 1.1µm;
(c) λ = 1.19µm; (d) λ = 1.35µm at z = 6mm.

to the output channel (port 4), by coupling between the two closed ports 1 and 2 at z = 2.5mm; the
second z step occurs at z = 2.9mm where the light is directed to the output channel (from port 2 to
port 3); the third z step occurs at 4mm from port 3 to 4 then at 4.2 from port 4 to 5. When z = 5.5mm,
the light is finally constrained inside the core region and propagates the output channel.

The optical path from input channel 2: λ2 = 1.1µm (representing port 5) to the output channel
(port 4) is depicted in Figure 6(b), by coupling between the two closed ports 5 and 6 at z = 1.6mm;
the second z step occurs at z = 2.45mm where the light is directed to the output channel (from port 6
to port 5); the third z step occurs at 3.2 from port 5 to 4 then at 3.4mm from 4 to 3 and from 3 to
5 at 4.3mm. After being finally restricted inside the core region at z = 5.35mm, the light propagates
from port 5 to the output channel.

The optical path from the beginning of transmission (λ3 = 1.19µm) to the center (the output)
is depicted in Figure 6(c), passing through several stages: from input channel 3, which corresponds
port 3, to the output channel (port 4), by coupling between the two ports 3 and 1, passing by port 2 at
z = 1.4mm; the second z step occurs at z = 2.55mm where the light is directed to the output channel
(from port 1 to port 3 passing by different steps); the third z step occurs at 4.85mm from port 3 to 5
passing by port 4. The light is eventually contained inside the core region at z = 5.55mm, where it
propagates from port 5 to the output port 4.

The optical path from the beginning of transmission (λ4 = 1.35µm) to the center (the output) is
depicted in Figure 6(d), passing through several stages: from input channel 4, which corresponds to
port 7, to the output channel (port 4), by coupling between the two ports 7 and 5, passing by port 6 at
z = 1.4mm; the second z step occurs at z = 2.8mm where the light is directed to the output channel
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(a) (b)

(c) (d)

1 2 3 4 5 6 7

Figure 6. Profile of intensity of the 1∗4 wavelength multiplexer. (a) for the optical signal λ = 0.85µm;
(b) λ = 1.1µm; (c) λ = 1.19µm; (d) λ = 1.351µm.

(from port 5 to port 3 passing by different steps and the third z step at 4.85mm from port 3 to port 5.
The light propagates from port 5 to output port 4 before being eventually trapped inside the core region
at z = 5.55mm.

Figures 7(a)–(b) show that the input power in the core reaches a maximum of 81% before falling to
zero at 1.02mm, so that the input power, which must pass through numerous stages as it moves from
one segment to its neighbor with light coupling, can be concentrated on the output port. At 2.48mm
and 2.493mm for Figures 7(a) and (b), respectively, the output port power starts to rise and reaches a
maximum of 54%.

Up to a distance of 1.26mm, the beginning power of the transmission is 80%, and we saw
transmission losses of 20% as a result of the absorption of intrinsic materials, bends, and connection
loss. Beyond this point, though, the signal in the input segment will be zero because it is now pointed to
the output port. We placed a silica hole at various phases to produce a coupling zone and magnify our
signal. The power increases at the output port from 0% to 45.6% after traversing 6mm (Figure 7(c)).

We see in Figure 7(d) that the input power in the core is at a high of 83% and then decreases to
zero at 1.01mm. This is because the input power will be focused on the output port after traveling
through several stages from one segment to its adjacent segment with light coupling. The output port
power begins to increase at 2.47mm and increases to a maximum of 33%.

Signal transmission at z = 0mm and z = 6mm is shown in Figures 8 and 9(a)–(d). Figure 8 shows
our four optical signals at their initial maximum (100%). Nonetheless, high transmission of 100% for the
core (0.85µm), 94% for the core (1.1µm), 93% for the core (1.19µm), and 73% for the core (1.35µm)
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Figure 7. Standardized input and output power of 1 ∗ 4 power multiplexer for the optical signals
λ1 = 0.85µm, λ2 = 1.1µm, λ3 = 1.19µm, and λ4 = 1.35µm.
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Figure 8. The normalized coupling efficiency at z = 0mm.

was reached, which is a good result. This was made possible by combining the signals into one port at
the output (6mm).

In this study, we have employed the Beam Propagation method, along with specific Opto-geometric
parameters (d = 0.9 and Λ = 1.88µm), with the primary objective of enhancing the performance of our
optical structure. We aimed to improve the transmission efficiency through our device and compare our
findings with the results obtained in a previous study conducted by Gelkop et al., which also utilized
the Beam Propagation method but with different parameters [22].
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Figure 9. The normalized coupling efficiency at z = 6mm for the (a) 0.85µm, (b) 1.1µm, (c) 1.19µm,
(d) 1.35µm.

After conducting our experiments and analyses, we have achieved remarkable results in terms
of transmission efficiency. Specifically, we obtained transmission rates of 100% for channel-1, 94%
for channel-2, 93% for channel-3, and 73% for channel-4. These outcomes demonstrate a significant
improvement compared to the reference study, which reported transmission rates of 88% for channel-1,
80% for channel-2, and 79% for channel-3.

The notable improvement in our transmission efficiency can be attributed to the utilization of the
specific Opto-geometric parameters, namely d = 0.9 and Λ = 1.88µm, which proved to be better suited
for optimizing light transmission in our experimental setup.

These findings hold promising implications for various applications, such as optical communications
and information processing systems, where efficient light transmission is crucial. Our work highlights
the potential benefits of employing the Beam Propagation method with these particular Opto-geometric
parameters.

Further investigations and experiments could be pursued in the future to explore the full potential
and limitations of these parameters and to further improve the overall performance of our optical
structure. This may lead to advancements in the field of photonics and optical device design, enhancing
the capabilities of various optical systems in practical applications.

4. CONCLUSION

This work shows how the MTIR mechanism may be used for controlling the direction of light propagation
within the multicore PCF, allowing light to couple the silica parts solely, and achieve more light
confinement for the higher index material.

The simulation results demonstrated that after a propagation length of 6mm, the operating
wavelengths of 0.85µm, 1.1µm, 1.19µm, and 1.35µm could be built.
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According to simulation results, the four wavelengths can propagate through the device and be
multiplexed with the best outcomes. Transmission is 73, 93, 94, and 100% for the output port 1.35,
1.19, 1.1, and 0.85µm wavelength after a distance of 6mm.

This study can be utilized by using multicore photonic crystal fiber as the basis for a revolutionary
and powerful multiplexer device in the future if the appropriate modifications are made to the materials.

With the directed light traveling in the opposite direction, the multiplexer can also function as a
multiplexer. The simulation outcomes confirmed that after a 6mm light propagation, the four-channel
mux can start to multiplex. Consequently, the suggested technology can be used in the future to improve
networking structure performance.
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