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This paper examines the optical per-
formance of a Large Mode Area (LMA)
Pixelated Bragg Fiber (PiBF), i.e., Fiber
A, for applications in high-power
lasers. The study employs COMSOL
Multiphysics simulations to investi-
gate key performance parameters like
attenuation, overlap integral, effective
refractive index, and mode field diam-
eter (MFD) between the wavelengths
of 1000 nm and 1800 nm. The findings
show that Fiber A has low attenuation
for most of the working range, with a
sudden spike near 1200 nm, which is
at the edge of the photonic bandgap.
The overlap integral is highest at 1140
nm, which is also where the funda-
mental mode is best confined, and the
effective refractive index is linearly de-
creasing as a function of wavelength
with good guiding conditions. More-
over, the simulations also explored the
impact of various pixel diameter and
pixel-to-cladding refractive index dif-
ferences, and they demonstrated that
these parameters are capable of shift-
ing the resonance wavelengths and en-
hancing the performance of the fiber.
The findings verify the fiber for high-
power laser applications, presenting a
compromise between large mode area
and single-mode operation.
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Preface

This article announces the result of a comprehensive study of the optical properties
of Large Mode Area (LMA) Pixelated Bragg Fibers (PiBFs), focusing specifically on
Fiber A, which has been engineered with prospective applications in high-power
lasers. The project was conducted in a capstone project to study and assess the
ability of LMA PiBFs to meet the needs of modern laser systems, particularly where
there is an effective single-mode operation and high-performance operation with
high-power levels.

I appreciate my supervisor, Professor Carlo Molardi, for his great direction and
continuous support throughout the duration of this project. His technical expertise
coupled with his thoughtful remarks and advice, came a long way in shaping
the course of my research. I am most thankful to his patience in answering my
questions and his dedication to helping me clarify complex concepts. The writing
of this work would not have been possible without his direction.

Nazarbayev University, April 25, 2025

Yeraly Saktassynov
<yeraly.saktassynov@nu.edu.kz>
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Chapter 1

Introduction

1.1 Background

Large mode area (LMA) fibers’ advancement, particularly pixelated Bragg fibers,
represents a significant leap forward in high-power fiber laser technology. These
fibers have been designed to support light propagation over a large cross-sectional
area, which is essential for mitigating the impact of nonlinear optical effects, like
Brullian scattering and cross phase modulation, which are able to reduce the qual-
ity of laser beams in high-power applications [1, 2, 3]. By extending the mode field
diameter (MFD), LMA fibers can tolerate larger power levels while keeping a high
beam quality, making them important in applications that require precision and
power, such as industrial machining, medical operations, and defense [2, 4, 5].

Pixelated Bragg fibers, a subset of LMA fibers, use a photonic bandgap (PBG)
structure to restrict light within the core. This structure is made up of periodic
layers of alternating materials with various refractive indices [6, 7]. Refractive index
periodicity produces a bandgap that confines light waves to the core by preventing
them from passing through the cladding [8]. Bragg reflection is a type of light
confinement that works especially well for preserving single-mode functioning in
fibers with very large mode areas. In laser applications where precise control over
the laser beam is required, single-mode operation is crucial for guaranteeing high
beam quality [6].

The design of pixelated Bragg fibers has made substantial improvements in re-
cent years, leading to the production of fibers with MFD up to 60 µm [9]. Some
papers already experiment with fibers of even higher MFD. These fibers are able
to reject higher-order modes (HOMs), guaranteeing that only the basic mode is
steered through the fiber [10]. The presence of many modes can cause beam dis-
tortions and lower the laser system’s efficiency, hence rejecting HOMs is essential
to maintaining beam quality [11]. These fibers’ performance has been further im-
proved by the addition of hetero-structured cladding, which raises the confinement
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2 Chapter 1. Introduction

losses of undesired modes and raises the guided mode’s purity [12, 13].
Managing nonlinear effects that intensify at greater power levels is a central

challenge that requires a workaround in the development of LMA fibers [14]. By
lowering the intensity of light within the fiber and therefore the probability of non-
linear interactions, the high mode area of pixelated Bragg fibers helps to attenuate
these effects [15, 16]. These fibers’ architecture also allows a greater threshold for
nonlinear effects, which increases their robustness in high-power applications [17,
18].

Pixelated Bragg fibers’ potential application in ultrafast laser systems is another
significant feature [18]. These fibers are appropriate for applications requiring high
peak energies and short pulse durations because they can sustain single-mode
operation over a broad wavelength range [19]. Pixelated Bragg fibers are a great
option for amplifying ultrashort pulses without causing noticeable pulse widening
or distortion because of their low dispersion and high damage threshold [20].

In this paper, we are investigating a design of LMA PiBFs from [6] by copying
the said design and conducting simulations. The design parameters like pixel di-
ameter and pixel refractive index are varied to see the effect of these changes on the
performance of the fiber. By conducting these simulations, the design is given an
outer assessment. The main goal of this assessment is to find out the performance
of the fiber design and to locate designs with potentials that are overlooked or
are not assessed by other research groups. The simulations are done in COMSOL
Multiphysics software.

1.2 Ethical and Professional Responsibilities

• Ethical Responsibility:
The main ethical concerns that may arise during the development of the
project are inaccurate representation of data and potential intellectual prop-
erty violations. First, we have the responsibility to ensure that all simulations
and data analyses are conducted properly and accurately. This means that the
simulations should be validated against some well-established benchmarks,
and the results should be interpreted with utmost attention and caution. Mis-
representing the performance of the fiber design might lead to erroneous
conclusions that may affect subsequent research or applications. Second, be-
cause this is the type of work that is heavily based on previous works of
other research groups, intellectual property concerns may appear. Therefore,
to avoid such issues, it is crucial to properly cite and give credit to the original
authors whose designs and ideas are being tested and built upon.

• Informed Judgments:
To ensure that the judgments taken during this research on large mode area



1.2. Ethical and Professional Responsibilities 3

pixelated Bragg fibers are well-informed, we will depend on a combination of
rigorous modeling approaches and constant validation against experimental
data from the literature. To ensure accuracy, we will specifically benchmark
simulation findings with published experimental results to evaluate various
fiber configurations. We will also actively read the most recent photonics re-
search papers and technical reports to make sure my work reflects the most
recent developments and insights. Using this method will guarantee that
the technical parts of my choices are supported by the most accurate and
current data available. Beyond the technical side, we will consider the soci-
etal implications of these fiber designs, particularly how they might be used
in high-power laser applications. We will evaluate the possible advantages
and disadvantages of these technologies across a range of sectors, such as
the medical and defense industries, and take ethical issues like the appro-
priate application of laser technology into account. Consulting with experts
in these application areas and considering regulatory and ethical guidelines
will help ensure that the research not only advances scientific knowledge but
also aligns with societal needs and values.

• Global Context:
The implications of the project can vary based on the global context. In
regions with advanced research and development in photonics, the findings
could contribute to the cutting-edge development of high-power lasers used
in many important industries. In regions with less advanced technology and
infrastructure, the focus might shift more toward cost-effective design types
that are more easily adopted for basic applications. Therefore, it is important
to consider how the research might be modified to meet particular demands
and conditions of different regions.

• Economic Impact:
The economic impact of the project can be assessed from both short-term
and long-term perspectives. In the short term, our research could lead to
the identification of more efficient fiber designs, potentially reducing pro-
duction costs and improving manufacturing processes. This could stimulate
economic growth in sectors related to fiber optics, such as telecommunica-
tions, medical devices, and industrial laser systems. However, there may also
be challenges, such as the need for significant capital investment to update
manufacturing facilities to produce the new fiber designs. Additionally, if
the new designs lead to greater automation in production, there could be
short-term job displacement. In the long term, the widespread adoption of
improved fiber designs could lead to new applications and industries, further
driving economic growth. The potential for cost savings, increased produc-
tivity, and the creation of high-tech jobs.
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• Environmental Impact:
The project is mainly about the simulation of different designs of LMA pixe-
lated Bragg fibers. So, there is no product being produced or resource used
except for energy to run the simulations. Therefore, the project in itself can
not have a harmful impact on the environment or any impact at all. How-
ever, if we assume that the chosen designs are going to be produced then
the project would have some measurable effect on the environment. Mainly
through the choice of the materials to produce the fiber and the complexity
of the design. To promote sustainability, it is crucial to consider the life cy-
cle and route of the fibers, from the mining of the basic materials to fibers’
inevitable disposal. Therefore, in this case, it is important to select materials
that are abundant, non-toxic, and recyclable. However, the main resources
that are used to produce fibers are silicon and rare-earth metals. Silicon is
partially recyclable, but it depends on the country, and rare-earth metals are
a scarce type of resource. So, LMA pixelated Bragg fibers’ environmental
impact is inherently hard to reduce.

• Societal Impact:
The project might have a big impact on society, especially in industries that
use cutting-edge laser technology. Improved LMA pixelated Bragg fibers may
directly aid medical laser systems by improving their performance, which
could result in less intrusive and more successful surgical treatments. These
fibers have the potential to improve product quality and reduce waste in
the industrial sector by enabling more accurate and efficient manufacturing
processes. Indirectly, the advancement of these fibers may spur innovation
in sectors like defense and telecommunications, benefiting the society in gen-
eral. But it’s also critical to consider and anticipate any potentialany potential
societal issues, like how new technology may affect jobs if they promote au-
tomation. It will be crucial to consult stakeholders and take into account the
wider socioeconomic ramifications in order to ensure that the benefits of the
project are widely shared and that any negative impacts are mitigated.



Chapter 2

Methodology

2.1 Methods and Procedure of Data Collection

The data for this research was collected by replicating a single design (Fiber A) of
a Large Mode Area (LMA) Pixelated Bragg Fiber from [6]. Essential design pa-
rameters such as the fiber’s geometry, material properties, and photonic bandgap
structure were meticulously extracted from the source and shown in Table 2.1. Us-
ing this information, the fiber was recreated in COMSOL Multiphysics, ensuring
that dimensions, refractive indices, and periodicity were faithfully reproduced to
match the original specifications. The simulation design is shown in Figure 2.1.

Figure 2.1: COMSOL simulation design of Fiber A.

However, the source paper did not provide all of the necessary parameters for a
totally accurate recreation of the design in COMSOL. For example, the paper omits
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6 Chapter 2. Methodology

Parameter Value
Core diameter 4.85E-5 m
∆r1 1.617E-5 m
∆r2 1.019E-5 m
Pixel radius 1.67E-6 m
Cladding radius 1.96E-4 m
PML radius 2.06E-4 m
λ 1E-6 m
ncladding 1.4504
npixels 1.4804
A1 0.69617
A2 0.40794
A3 0.89748
B1 6.8404E-8 m
B2 1.1624E-7 m
B3 9.8962E-6 m

Table 2.1: Model parameters

the exact total radius of the fiber, the refractive index of the cladding, and the pix-
els. Therefore, some assumptions were made to fill these gaps. The total radius of
the fiber was taken as 200 µm, which is common for this type of fiber. The PML ra-
dius, in Table 2.1, refers to the perfect matching layer radius, which is used to avoid
the reflection of light in fiber from the boundaries of the design. This parameter
is the part of the total radius of the fiber. The refractive index of the cladding was
calculated using Equation 2.1. The constants used in the equation can be found in
Table 2.1. This approach is also common for the simulation of fibers. The paper
states that the pixels’ refractive index is greater than the cladding’s refractive index
by 0.03. Therefore, in the simulation, the pixels’ refractive is calculated by adding
the difference to the refractive index of the cladding.

nclad =

√
1 +

A1λ2

λ2 − B2
1
+

A2λ2

λ2 − B2
2
+

A3λ2

λ2 − B2
3

(2.1)

The alternate designs were also tested by varying the parameters like pixel
radius and refractive index. The pixel radius was varied between 3 µm and 3.9
µm, while the refractive index of the pixels were greater than the refractive index
of cladding by 0.02 and 0.04. These changes in the design parameters might show
some trends in the performance of the fiber and possible ways to improve it.
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2.2 Methods and Procedure of Data Analysis

The performances of the replicated design and its variations were analyzed through
simulations conducted in COMSOL Multiphysics. The following metrics were ob-
tained only for the fundamental mode:

• Effective Refractive Index (neff): To evaluate the propagation characteristics
of the mode.

• Overlap Integral (γ): To assess how well the mode is confined within the
fiber core.

γ =
Pcore

P
(2.2)

• Mode Field Diameter (MFD): To determine the effective cross-sectional area
of the fundamental mode.

MFD = 2 ×

√
P2

π · P2
core

(2.3)

• Attenuation: To measure the optical losses, including confinement loss and
material absorption.

α =

∣∣∣∣Im(neff)×
2π

λ

∣∣∣∣ (2.4)

These metrics were computed for the wavelength range of 1000 nm to 1200 nm
with a step of 20 nm and for each design variation. The results were plotted using
MATLAB to visualize the variation of each metric across the wavelength range,
enabling a comprehensive evaluation of the fiber’s performance.

2.3 Ethical Issues

This research adheres to ethical standards by properly citing the source of the
original fiber design. The replication and simulation process strictly followed the
parameters provided in the referenced paper, and no alterations were made to
misrepresent the performance of the design. The results were validated against
the published findings to ensure accuracy and integrity. This approach respects
the intellectual property rights of the original authors while contributing to the
broader understanding of LMA Pixelated Bragg Fiber performance.



Chapter 3

Results and Discussions

3.1 Results

The performance of the fiber design was assessed through simulations conducted
in COMSOL Multiphysics over the wavelength range of 1000 nm to 1800 nm. The
key metrics evaluated include attenuation, overlap integral (γ), effective refractive
index (neff), and mode field diameter (MFD). The results are summarized as fol-
lows:

• Attenuation: The attenuation curve in Figure 3.1a shows a significant peak
near a wavelength of approximately 1.31 µm. This sharp increase in attenua-
tion is typical of the fiber’s interaction with certain wavelengths, suggesting
resonance or other material-specific absorption characteristics at this wave-
length. Outside this peak, the attenuation gradually decreases, which indi-
cates lower energy loss for wavelengths away from the resonant point.

• Overlap Integral(γ): Figure 3.1c presents the overlap integral, which quan-
tifies the extent of overlap between the guided mode and the core/cladding
structure of the fiber. The overlap integral exhibits a sharp dip near the 1.31
µm wavelength, where the attenuation and MFD peaks occur. This dip sug-
gests a region of reduced overlap, possibly due to a mismatch in the mode
field distribution and the core-cladding structure at this specific wavelength.
For wavelengths outside this region, the overlap integral recovers, indicat-
ing a better alignment between the guided mode and the fiber’s structural
properties.

• Effective Refractive Index (neff): in Figure 3.1d, the real part of the effective
index (Neff) is plotted as a function of wavelength. The real Neff decreases
monotonically from about 1.448 to 1.442 as the wavelength increases from
1.0 µm to 1.8 µm. This trend suggests that the fiber’s refractive index is

8



3.1. Results 9

Figure 3.1: COMSOL simulation results of Fiber A.

wavelength-dependent, with a slight reduction in the real effective index for
longer wavelengths, which is typical for the dispersion characteristics of the
fiber.

• Mode Field Diameter (MFD): In Figure 3.1b, the Mode Field Diameter (MFD)
is plotted against the wavelength. A pronounced spike in MFD is observed
near 1.31 µm, coinciding with the peak in attenuation. This suggests that at
this wavelength, the fiber supports a larger mode field, which is consistent
with the presence of an enhanced mode coupling or resonance effect. The
MFD decreases rapidly for wavelengths outside this region, reflecting a more
confined mode field in these ranges.

The surface electric field norm distribution for the fundamental mode of the
LMA Pixelated Bragg Fiber at various resonance wavelengths is shown in Figure 7.
These results highlight the spatial distribution of the electric field intensity on the
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Figure 3.2: Surface electric field norm distribution for fundamental mode. (a) At λ=1200 nm. (b) At
λ=1250 nm. (c) At λ=1300 nm. (d) At λ=1350 nm. (e) At λ=1400 nm.

fiber’s surface across five different wavelengths, demonstrating the fiber’s behavior
near resonance.

In Figure 3.2a, at a wavelength of 1200 nm, the surface electric field norm ex-
hibits a well-defined distribution, with the maximum field intensity concentrated
at the center of the fiber core. The field intensity gradually decays as the distance
from the center increases, and the contours show a symmetric field profile. The
effective mode index at this wavelength is 1.449.

At 1250 nm (Figure 3.2b), the electric field distribution remains similar to that
at 1200 nm, but the intensity has slightly decreased. The contours of the electric
field still show a symmetric pattern around the fiber core, though the field is now
more spread out, indicating a slight reduction in mode confinement compared to
the previous wavelength. The effective mode index at this wavelength is 1.4473.

In Figure 3.2c, at 1300 nm, the electric field norm undergoes a noticeable
change. The field intensity is still concentrated at the center but now shows a
more pronounced ring-like structure with a smaller central intensity, indicating
that the mode is more distributed. The effective mode index at this wavelength
is 1.4468, marking the wavelength where the fiber exhibits resonance behavior, as
observed in the previous attenuation and MFD results.

At 1350 nm (Figure 3.2d), the electric field distribution shows further spreading,
with less intensity near the core compared to the previous wavelengths. The field is
more spread out across the fiber, and the effective mode index is 1.4463. This shift
in the field distribution suggests a weakening of the confinement as the wavelength
moves further from the resonance region.

Finally, in Figure 3.2e, at 1400 nm, the electric field distribution becomes even
more diffused. The central intensity is significantly reduced, and the field strength
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decays more rapidly, indicating that the fiber no longer supports strong mode
confinement at this wavelength. The effective mode index at this wavelength is
1.4456. This behavior aligns with the earlier observed trend of decreasing effective
mode index as the wavelength increases.

Figure 3.3: Attenuation results for different pixel diameters. (a) d=3 µm. (b) d=3.1 µm. (c) d=3.2 µm.
(d) d=3.35 µm. (e) d=3.5 µm. (f) d=3.6 µm. (g) d=3.75 µm. (h) d=3.9 µm.

Figure 3.4: Overlap integral results for different pixel diameters. (a) d=3 µm. (b) d=3.1 µm. (c) d=3.2
µm. (d) d=3.35 µm. (e) d=3.5 µm. (f) d=3.6 µm. (g) d=3.75 µm. (h) d=3.9 µm.

Figures 3.3 and 3.4 show attenuation and overlap integral for the whole range
of tested pixel diameters. Each case of the pixel diameter’s results is similar to
the original design with a pixel diameter of 3.35 µm. However, the resonance
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bandwidth is shifted compared to the original. At d = 3 µm, the resonance in the
fiber happens in the range of 1100 and 1250 nm. At d = 3.1 µm, the resonance is at
1150 and 1300 nm. At d = 3.2 µm, the fiber exhibits resonance in the range of 1200
and 1350 nm. The trend continues with the increase in the pixel diameter, meaning
that the resonance shifts to the right by approximately 50 nm. The overlap integral
of the designs also slightly differ in the shape of the plots. The higher the pixel
diameter of the design the higher the wider the wavelegnth range where overlap
integral falls drastically from its normal level of above 0.8. MFD and the real part
of the effective refractive index of these designs are close to the original design’s
with the resonance effect at their respective wavelength range. The plots of these
parameters can be found in Appendix A.

Figure 3.5: Attenuation results for different refractive index differences between pixels and cladding.
(a) ∆n=0.02. (b) ∆n=0.03. (c) ∆n=0.04.

Figure 3.6: Overlap integral results for different refractive index differences between pixels and
cladding. (a) ∆n=0.02. (b) ∆n=0.03. (c) ∆n=0.04.

Figures 3.5 and 3.6 show attenuation and overlap integral for the total range of
the refractive index differences between pixels and cladding. In Figures 3.5a and
3.6a, we can see that attenuation is high for the whole range of tested wavelength
and the overlap integral is lower than 0.8 for the whole range when the difference
in refractive indices is only 0.02. The next figures show the original difference
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between refractive indices of pixels and cladding (0.03) and the results are the
same as in Figures 3.1a and 3.1c. The last figures demonstrate the results for the
difference of 0.04. The resonance wavelength range in this design is between 1400
and 1650 nm. The rest of the parameters of the design matched the original design
adjusted to the shift in the resonance wavelength range.

3.2 Discussions

The results highlight the key performance characteristics of Fiber A. The attenua-
tion values across the wavelength range are consistent with the expected behavior
of photonic bandgap fibers. The sharp increase in the range of 1200 nm and 1400
nm corresponds to the onset of higher confinement losses, marking the operational
edge of the fiber’s photonic bandgap. The overlap integral (γ) is well above 0.9 for
the majority of the wavelength range which means that the fiber performs as in-
tended and operates in single mode; however, it falls drastically in the range of
1200 and 1400 nm. The linear decrease in the real part of neff with wavelength
reflects the wavelength-dependent nature of the photonic bandgap guiding mech-
anism. This behavior ensures stable guiding of the fundamental mode, which is
critical for high-power laser applications. The breaking of this linearity at the 1340
nm wavelength indicates the resonance happening inside of the fiber and that the
fundamental mode is not being properly guided. The MFD remains stable with
increasing wavelength except for the resonance wavelength range. The stability at
every other wavelength shows that the fiber is properly guiding the fundamental
mode and is suitable for high-power applications.

The resonance affect at the wavelength range of 1200 and 1400 nm was not de-
scribed in [6]. This difference in our results and the original paper’s might be due
to the differences in the methods of testing and the slight design differences. As
mentioned in the methodology part, the paper did not provide an exhaustive list
of the parameters of Fiber A. Some of the parameters of the design were assumed
to be similar to other LMA PiBFs which were reasonable assumptions. Another
reason for the discrepancies might be due to the way the fibers were tested. The
simulations we ran were not comprehensive of all the aspects of a fiber testing. For
example, the simulations were all done in a room-temperature setting without con-
sidering the thermal effects. Also, in [6], the authors tested a manufactured version
of the fiber. The manufacturing defects and the difference between simulation and
real-world testing might have resulted in the different performance profiles when
comparing the two methods.

Figure 3.7 shows the resonance ranges of each pixel diameter and the trend of
shifting this resonance to longer wavelengths with the increase in the pixel diame-
ter. The range of resonance for the plot was assumed based on the overlap integral
of the design. If the overlap integral falls below 0.8, then it is in the resonance and
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can not be used properly in these wavelengths because of the poor confinement
of the fundamental mode. The dot in the plot shows the wavelength at which the
lowest overlap integral is recorded. From this figure, the shift of the resonance
with changing pixel diameter can be derived; therefore, we theorize that the reso-
nance wavelength range can be fully shifted from the testing range (from 1000 nm
to 1800 nm) by increasing the pixel diameter further. However, there is a limit to
the size of the pixels due to their close proximity, at some point, they will start
merging together which is undesirable. Even if the resonance can not be totally
shifted from the simulated range, the fiber design still shows great performance
outside of the resonance range. It can also be adjusted for use in different opera-
tional wavelengths. For example, for use in the range of 1400-1800 nm, the fiber
can be fabricated with a pixel diameter of 3 µm. This ensures that if the opera-
tional region shifts for any reason, it still will not cross the resonance range. For
the range of 1000-1350 nm the design with a pixel diameter of 3.9 µm is ideal for
similar reasons.

Figure 3.7: The resonance wavelength range of different pixel diameters.

The simulations with varied differences between refractive indices of pixels
and cladding showed that the difference of only 0.02 is too small. The fundamen-
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tal mode is not properly confined in the whole testing range, and the attenuation is
also high. This poor performance indicates that such a minute difference in refrac-
tive indices of pixels and cladding can not maintain the photonic bandgap effect
consistently to direct the fundamental mode inside the core. Lowering the differ-
ence of refractive indices below 0.03 is not desirable. The increase in the difference
to 0.04, on the other hand, shows promising results. The overall performance of
such a design is comparable to the original with the shift of the resonance range
to longer wavelengths. This means that the effect of resonance range shift was
achieved without changing the pixel diameter. If the trend continues then it might
be possible to move the resonance range out of the testing wavelength range. The
combination of the pixel diameter change and the pixel refractive index might be
required to achieve the ideal design for the range between 1000 nm and 1800 nm.



Chapter 4

Conclusion

This study investigates the performance of a Large Mode Area (LMA) Pixelated
Bragg Fiber (PiBF), specifically Fiber A, for laser applications. The simulations
conducted using COMSOL Multiphysics have provided valuable insights into the
fiber’s optical characteristics across a range of wavelengths from 1000 nm to 1800
nm. Key performance metrics such as attenuation, overlap integral, effective refrac-
tive index (neff), and mode field diameter (MFD) were evaluated, shedding light
on the fiber’s behavior, particularly near resonance wavelengths.

The data indicate that Fiber A has very low attenuation for all but the very
beginning of the operating wavelength range with a very steep peak at approxi-
mately 1200 nm, indicating the edge of the photonic bandgap. The overlap integral
of the fiber was more than 0.9 for all but the beginning of the range, indicating the
fundamental mode is effectively confined within the core but dropped off at the
resonance wavelengths. The effective refractive index showed a consistent decrease
with increasing wavelength, reflecting good guiding for the fundamental mode.
The mode field diameter remained constant for most wavelengths, reflecting the
stable behavior of the design.

The surface electric field norm distributions also confirmed the mode confine-
ment at different wavelengths, in particular reflecting a sudden change in electric
field distribution near the resonance wavelength of 1300 nm.

In addition, pixel diameter differences and pixel-to-cladding refractive index
differences were examined, and it was discovered that changes in these parameters
can shift the resonance wavelengths. Pixel diameter had a significant impact on
the resonance range with a tendency to shift resonance to longer wavelengths as
pixel diameter increased.

Overall, the simulation results confirm that Fiber A, because of its carefully
designed pixelated structure, is highly suited for high-power laser applications
with a good tradeoff between mode confinement and large mode area. The fiber
design can be further optimized by adjusting parameters like pixel diameter and

16
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refractive index difference to obtain target operating wavelengths and minimize
confinement losses.

Future work could include research into other fiber design possibilities and
extending the working wavelength range of the fiber. Research into the effects
of temperature and other environmental factors on fiber performance would also
serve to make the fiber more useful practically in real laser systems.
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