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Investigation of a Large-Mode-Area Fiber Designed
for 2.0 µm Based on Multi-Layer Holes Resonance

Xiao Shen , Yifei Sun , Meimei Kong , and Wei Wei

Abstract—This work proposes a novel large mode area fiber with
multi-layer holes of 2.0 µm based on electromagnetic field theory
and finite element analysis. Modifying the structure parameters
can reduce the fundamental mode confinement loss to less than
0.1 dB/m, and the lowest high-order mode confinement loss may
be greater than 10.0 dB/m. The fiber has exceptional single-mode
transmission performance due to its high loss ratio. The effective
mode field area is 3849 µm2, and the single mode core diameter is
80.0 µm. To obtain a larger mode field diameter, the construction
used here includes a smaller cladding diameter in the already
available large mode field fiber. The cladding parameters may be
changed independently, making it convenient and adaptable to
obtain the best simulation results. Compared to the large-mode
field fiber standard, which has excellent single mode operation
performance, the loss ratio of this design is substantially larger.
Additionally, it can effectively sustain single mode operation when
the wavelength shifts from 1.65 to 2.10 µm, which is advantageous
for developing 2.0 µm fiber lasers.

Index Terms—Fiber laser, large mode area fiber, transmission
characteristics.

I. INTRODUCTION

M EDICAL surgery, industrial processing, atmospheric
sensing, optical communication, and detection depend

on 2.0 μm Tm3+-doped fiber lasers [1], [2], [3], [4], [5], [6],
[7]. After thirty years of rapid growth, Tm3+-doped fiber lasers
have attained kilowatt-level power [8], [9], [10]. However, the
fiber laser suffers from severe quantum loss and prominent
nonlinear effects caused by thermal effects due to the large
wavelength gap between the pump wavelength (793 nm) and
the signal light wavelength (2000 nm), which restricts further
increases of the laser power level. Increasing the size of the
mode field is the most efficient technique to address this issue of
high power density. Nevertheless, it introduces negative impacts
including poor beam quality and an increase in high-order modes
(HOMs) [11].

Numerous novel large mode field area (MFA) and single
mode fibers have been created. They have been used differently
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TABLE I
PERFORMANCE COMPARISON OF FIBER MODELS

to increase MFA and achieve single mode characteristics, and
their performances are listed in Table I. Some of these designs
achieve single-mode characteristics by bending characteristics
to increase losses. For example, X Chen et al. created a novel
all-solid-state single-mode large-mode-field fiber in 2021 [12],
the MFA was 900 μm2, and the bending radius was 45 cm. In
2014, Deepak Jain et al. created a multitrench fiber that achieved
an MFA of 630 μm2 at a bending radius of 20 cm [13]. The
MFA is not large enough to decrease the laser power density.
That same year, a triangular-core photonic crystal fiber was also
designed by the team of Saini T S [14]. The achieved MFA is
974 μm2 at a bending radius of 15 cm. In 2021, Li Pei’s team
designed a segmented cladding fiber with high-index rings in
the core (HIRRR-SCF) [15]. The MFA is 835 μm2 at a bending
radius of 15 cm; however, its loss ratio (LR) is also small due to
its large fundamental mode (FM) loss and small HOM loss.

The above optical fibers all rely on the bending effect to
achieve high-order mode filtering, but some fibers do not require
bending to achieve the same goal. In 2021, our team proposed
a heterogeneous helical cladding (HHC) fiber [16]. The MFA is
2025 μm2, and the loss of HOMs is relatively low, which needs
a longer fiber to filter out HOMs. In 2019, Fabian Stutzki’s team
proposed the Large Pitch Fiber (LPF) with a mode field diameter
of 200 μm [17], which is the largest MFA reported to date.
However, it is not very versatile because it is a rod-shaped fiber
that cannot be adapted to more complex scenarios. Pixelated
Bragg fibers were created in 2012 by Assaad Baz [18], [19].
The achieved MFA is 531 μm2, now considered small for a large
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Fig. 1. Schematic diagram of the MLSHRF cross-section.

mode field fiber. A passive leakage channel fiber (LCF) with a
1064 nm wavelength and 1440 μm2 effective MFA was created
by L. Dong et al. in 2007 [20]. In summary, some optical fibers
have insufficient MFA, some rely on bending effects to filter
out HOMs, and some are not suitable for bending. Therefore,
progress remains needed to optimize large-mode-area fibers.

In this study, we present a unique type of large mode area
optical fiber for 2.0μm based on multilayer solid hole resonance,
which we denote the MLSHR fiber. We investigate its mode
transmission properties in detail, including loss coefficients,
mode field area, effective mode field diameter, and power per-
centage. The MFA is up to 3849 μm2 in the unbent state with
a smaller cladding diameter of 230 μm, and the LR is up to
545. The refractive index and dimension of each circular hole
in the cladding can be separately adjusted to suppress HOMs.
The fiber structure is solid-state. Compared to reported fibers,
our proposed MLSHR fiber proposed has better comprehen-
sive properties and application potential.

II. FIBER STRUCTURE AND THE THEORETICAL MODEL

The structure diagram of the MLSHRF is shown in Fig. 1.
There are two layers of small solid holes and a layer of large
solid holes. The RI of the fiber core is n0, and the radius is
Rc. The distance between the core and the first layer of holes
is defined as the core-hole spacing, denoted as H. The layer
spacings among the three layers of holes are p1 and p2. The RI
of the cladding substrate n1 is 1.4380, and the radius Rb is fixed
to 115.0 μm. The RIs of the large and small holes are both n2,
the diameter of the small holes is d1, and the diameter of the
large holes is d2. The relationship bewteen n0, n1 and n2 is:

n1 < n0 < n2 (1)

The RI of solid hole n2 is higher than that of fiber core n0,
the total reflection condition is destroyed, and the signal light
transmitted in the fiber core leaks into the surrounding solid
holes. Through the mutual adjustment and optimization of the
fiber parameters, the loss coefficients of HOMs are much higher
than that of FM, so a high loss ratio (LR) is obtained, and HOMs
will be filtered out.

Our fiber simulation is based on the full vector finite element
method (FEM). The application software is COMSOL Multi-
physics. The thickness of the perfectly matched layer (PML)
is selected to be five times the wavelength, as shown by the
white ring in Fig. 1, and the meshing is extremely fine. Through
the calculation of COMSOL software, the effective RI of the
fiber is obtained. Thus, the loss coefficient can be calculated
by (2) [21]:

L =
40π

ln(10)λ
Im(neff )(dB/m) (2)

where Im(neff ) is the imaginary part of the effective RI of the
mode and λ is the wavelength. The loss coefficients of the LP01

and LP11 modes are L01 and L11, respectively.
The mode field area (MFA) is an important index to char-

acterize the large mode area fiber, which is expressed as [22]:

Aeff =

(∫∫ ∣∣∣E(x, y)2
∣∣∣dxdy

)2

∫∫ ∣∣∣E(x, y)4
∣∣∣dxdy

(3)

where E(x, y) is the light’s transverse electric field component.
The effective mode field diameter (MFD) is expressed as [23]:

MFD =
2

π

√
Aeff =

2
√
2
∫
E2

i (r)dr[∫
E2

i (r)dr
]1/2 (4)

where Ei(r) is the electric field distribution in terms of radial
distance r.

Another essential index is called the mode power fraction
(PF), which can be beneficial for studying the details of the
distribution of optical field energy in the fiber, which is expressed
as

η =
2
∫
core SzdA∫
all SzdA

(5)

where Sz is the Poynting vector extending along the propagation
direction, the numerator represents the integral of the fiber core
Sz, and the denominator represents the entire fiber Sz. Jorgensen
has proved that when the difference between the PF of the LP01

and LP11 modes is approximately 0.3, the single mode (SM)
bandwidth is generated, and the single mode operation can be
entirely performed. The SM bandwidth is the region where the
first HOM is leaking and couples with cladding modes, while
the FM is still confined to the core and has a large fraction of
modal power within the core [24], shown in gray shading in the
figure below.

III. THE RESULTS AND DISCUSSION

A. Effects of Small Hole Diameter d1 on Loss Coefficient

Fig. 2 depicts how d1 affects the fiber confinement loss and
MFA. With an increase in d1, the loss coefficients rise. Because
HOMs leak more than FMs when d1 grows, more optical power
from the core will escape into nearby holes with greater RI.
The lowest HOM loss coefficient is better than 10.0 dB/m when
d1 moves from 7.5 to 9.5 μm, and the FM loss coefficient is
less than 0.1 dB/m. The outcomes were at a high worldwide
level [25]. LR is the ratio of the lowest HOM loss to the FM
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Fig. 2. Effects of d1 on loss coefficients and MFA.

Fig. 3. Effects of d1 on PF.

loss, and when LR is greater than 100, the fiber is considered
a single-mode fiber. For d1 = 9.0 μm, L01 = 0.062 dB/m,
L11= 32.3 dB/m, L21= 36.1 dB/m, and LR= 517. This suggests
that the capacity to discriminate between transverse modes is
robust and capable of efficiently filtering out HOMs. MFA rises
along with the growth in d1. The HOMs may better delocalize
from the core as a result of the greater d1 when Aeff = 3356 μm2

(MFD = 65.4 μm) and d1 = 9.0 μm, and the lowest HOM
loss coefficient is less than 10.0 dB/m when d1 increases from
5.0 to 7.5 μm. However, single-mode operation may also be
attained by lengthening the fiber to filter out HOMs. In this
subsection, we can achieve a loss ratio of 517, which allows for
better single-mode operation conditions and a larger mode field
area than those of the presented article.

The effects of d1 on PF are shown in Fig. 3. When d1 changes
from 7.0 μm to 10.0 μm, the differences in PF in the core are all
larger than 0.3, which is in the SM bandwidth. Therefore, the
reasonable range of small hole diameter d1 is also 7.5–9.5 μm.
Compared to past structures using the factor of power fraction,
the model proposed in this paper keeps the fundamental mode PF
in the core constant under any change in structural parameters.

Fig. 4. Effects of d2 on loss coefficients and MFA.

In other words, the FM in the core does not leak into the cladding
and maintains a high PF difference all the time.

B. Effects of Large Hole Diameter d2 on Loss Coefficient

The effects of the large hole diameter d2 on the loss coeffi-
cients and MFA of the fiber are shown in Fig. 4. The influence
trend of d2 on loss is similar to that of d1. When d2 changes
from 10.5 μm to 11.5 μm, the lowest HOM loss coefficient
is more significant than 10.0 dB/m, and the FM loss coeffi-
cient is less than 0.1 dB/m, especially when d2 = 11.0 μm,
L01 = 0.062 dB/m L11 = 32.5 dB/m, L21 = 36.1 dB/m, and
LR = 521. The transverse mode discrimination ability is very
strong when d2 increases from 8.0 μm to 10.5 μm, and the FM
loss coefficient is maintained below 0.1 dB/m. In contrast, the
HOM loss coefficient rises from 1.2 dB/m to 14.4 dB/m, so
the purpose of single-mode transmission can also be achieved
by changing the length of the fiber. When d2 = 11.5 μm and
Aeff = 3360 μm2 (MFD = 65.8 μm), the MFA increases with
increasing d2.

The effects of the large hole diameter d2 on PF are shown
in Fig. 5. When d2 increases from 8.0 μm to 11.0 μm, the
coupling effect can be better, so the HOM PF decreases in
the core. When d2 increases from 11.0 μm to 12.0 μm, the
coupling effect gradually weakens, so the HOM PF increases in
the core. The SM bandwidth is 10.0 μm to 11.5 μm, especially
when d2 = 11.0 μm, and the PF difference between LP01 and
LP11 reaches a maximum of 0.54, which can most efficiently
filter out HOMs and maintain single-mode operation. Thus, d2
ranges from 10.0 μm to 11.5 μm, and MLSHRF has better mode
discrimination ability.

C. Effects of Core Diameter Rc on Loss Coefficient

Fig. 6 shows the effects of the core radius on loss and MFA.
These data show that the lowest HOM loss coefficient increases
and then decreases when Rc changes from 30.0 μm to 45.0 μm.
When Rc changes from 30.0 μm to 40.0 μm, the lowest HOM
loss coefficient is greater than 10.0 dB/m, and the FM loss
coefficient is less than 0.1 dB/m. When Rc ranges from 30.0 μm
to 36.0 μm, the LP11 loss gradually increases, the FM loss
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Fig. 5. Effects of d2 on PF.

Fig. 6. Effects of Rc on loss coefficients and MFA.

decreases, L11 rises from 12.1 dB/m to 40.1 dB/m, and L01

reduces from 0.087 dB/m to 0.062 dB/m. When Rc increases
from 36.0 μm to 42.0 μm, the loss of the HOMs decreases
from 40.1 dB/m to 5.2 dB/m, but it still has a strong HOM
suppression. The maximum LR is at Rc = 36.0 μm. At this
point, L01 = 0.062 dB/m, L11 = 40.1 dB/m, L21 = 45.2 dB/m,
and LR = 649. When Rc = 40.0 μm, Aeff = 3849 μm2

(MFD = 70.0 μm), which is the largest effective mode field
area in this paper. Compared to other fibers in the unbent state,
the fiber model can rarely achieve a large mode field area at
the same time and maintain a high loss ratio. The advantage of
a small fiber diameter is that this design also makes the fiber
better adapted to various environmental changes.

The effect of the core radius on the PF is shown in Fig. 7.
The SM bandwidth of Rc ranges from 35.0 μm to 40.0 μm. The
coupling effect is not obvious for Rc before 36. 5 μm because
Rc is small and H is larger. Rc increases gradually after Rc is
greater than 36.5 μm, and the HOMs will be confined in the
core. Therefore, when Rc ranges from 35.0 μm to 40.0 μm, the
MLSHRF has a strong mode discrimination ability and better
performs single-mode operation, such that the single-mode core

Fig. 7. Effects of Rc on PF.

Fig. 8. Effects of p1 on loss coefficients and MFA.

diameter can reach up to 80 μm. At Rc = 36.5 μm, the small
hole produces the best coupling effect to the core, driving the
HOMs out of the core and into the cladding, with the lowest
PF = 0.27 and the highest PF difference = 0.61. A difference
of this magnitude is rarely reported in other similar works,
indicating that our fiber structure is better suited than previous
designs to filter out the higher-order modes.

D. Effects of Hole-Layer Spacing p1 on Loss Coefficient

The effects of hole-layer spacing p1 on loss and MFA are
shown in Fig. 8. With the increase in p1, the FM loss shows
a decreasing trend, while the minimum HOM loss shows a
trend of first increasing and then decreasing. When p1 increases
from 5.0 μm to 8.5 μm, the lowest HOM loss coefficient is
greater than 10.0 dB/m, and the FM loss coefficient is less than
0.1 dB/m, especially when p1 = 6.5 μm, L01 = 0.062 dB/m,
L11 = 32.5 dB/m, L21 = 36.1 dB/m, and LR = 521. When
p1 = 5.0 μm, Aeff = 3391 μm2 (MFD = 65.7 μm). When
p1 increases, the MFA decreases gradually. When p1 increases
from 4.0 μm to 6.0 μm, the small hole coupling effect gradually
strengthens. L11 increases from 8.1 dB/m to 35.5 dB/m, and
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Fig. 9. Effects of p1 on PF.

Fig. 10. Effects of p2 on loss coefficients and MFA.

L01 decreases from 0.125 dB/m to 0.061 dB/m. When p1 is in
the range of 6 μm to 12.5 μm, the coupling effect of the small
holes gradually weakens. When p1 = 9.5 μm, L11 = 6.3 dB/m,
and L01 = 0.034 dB/m, the MLSHRF also has a strong mode
discrimination ability.

The influence of p1 on PF is shown in Fig. 9. When p1
increases from 4.0 μm to 9.5 μm, it is in the SM bandwidth
combined with the range of p1 obtained in Fig. 8. The range
of p1 here is taken as 5.0 μm to 9.5 μm, and MLSHRF can
efficiently filter out HOMs and perform single mode operation.

E. Effects of Hole-Layer Spacing p2 on Loss Coefficient

The effect of p2 on the loss and MFA is shown in Fig. 10.
Similarly, this section changes the position of the third layer
of holes when p2 = 5.5 μm and p2 = 6.0 μm, and the loss
of the LP01 mode reaches the peak. Nevertheless, the loss of
the LP21 mode is smaller than that of LP11, and the minimum
HOM loss is needed to achieve single-mode operation, so the
peak value of the minimum HOM loss should be delayed.
When p2 = 6.5 μm, L01 = 0.062 dB/m, L11 = 32.5 dB/m,

Fig. 11. Effects of p2 on PF.

Fig. 12. Effects of H on loss coefficients and MFA.

L21 = 36.1 dB/m, and LR = 521. When p2 = 4.0 μm,
Aeff = 3374 μm2 (MFD = 65.5 μm). When p2 = 13.0 μm,
L11 = 5.3 dB/m, and L01 = 0.035 dB/m, the fiber still has strong
HOM suppression. Therefore, excellent single-mode operation
can be achieved in the range of p2 from 3.5 to 10.5 μm.

The effect of p2 on the power fraction is shown in Fig. 11.
The range of the SM bandwidth is from 4.5 μm to 10.0 μm.
When p2 is less than 6 μm, the coupling effect is gradually
strengthened with increasing p2. When p2 is greater than 6.0μm,
the coupling effect of the large hole to the fiber core is steadily
weakened, and the HOMs are gradually constrained in the fiber
core. Therefore, combined with the result of Fig. 10, we propose
that our device can achieve excellent single-mode operation in
the 4.0 to 10.0 μm range.

F. Effects of Core-Hole Spacing H on Loss Coefficient

The influence of H on the loss and MFA is shown in Fig. 12.
When H is in the range of 3.5 μm to 16.5 μm, MLSHRF
can achieve better HOM suppression and perform single-mode
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Fig. 13. Effects of H on PF.

Fig. 14. Effects of n2 on loss coefficients and MFA.

operation, especially when H = 11.0 μm, L01 = 0.057 dB/m,
L11 = 33.7 dB/m, and LR = 595. The MFA decreases with
increasing H, and the largest Aeff is 3843μm2 (MFD= 69.9μm)
when H = 3.5 μm. The variation range of H is extensive, so the
fiber has some adaptability to diverse applications.

The effect of H on the PF is shown in Fig. 13. The range
of SM bandwidth is from 1.0 μm to 14.0 μm, but considering
the result of Fig. 12, we propose that it can achieve even better
HOM suppression and perform single-mode operation in a range
of 3.5–14.0 μm.

G. Effects of the Refractive Index of Solid Hole n2 on the Loss
Coefficient

After optimizing the refractive index of the solid hole,
it is found that when n2 = 1.4394, the fiber loss perfor-
mance is the best, as shown in Fig. 14. Under this condition,
L01 = 0.062 dB/m, L11 = 32.5 dB/m, L21 = 36.0 dB/m, and
Aeff = 3356 μm2 (MFD = 65.4 μm). When n2 = 1.4393, it can
also suppress HOM loss, L01 = 0.03 dB/m, L11 = 8.4 dB/m,
and L21 = 39.5 dB/m. Therefore, we propose that the refractive
index of n2 can realize values of 1.4393 and 1.4394.

Fig. 15. Effects of λ on loss coefficients and MFA.

Fig. 16. Effects of Rb on loss coefficients and MFA.

H. Effects of Wavelength λ on Loss Coefficient

MLSHR is a large mode area fiber designed for 2.00 μm fiber
lasers. The effects of the operating wavelength λ on the loss and
MFA are shown in Fig. 15. In practice, the wavelength in the
experiment will change and have certain errors, so this section
simulates the impact of the wavelength change near 2.00 μm on
the performance. Fig. 14 shows that when λ is in the range of
1.65 μm to 2.10 μm, L11 increases from 8.2 dB/m to 35.9 dB/m,
L01 increases from 0.012 dB/m to 0.104 dB/m, the HOM loss
can be stably suppressed, and single-mode operation can be
performed in a wide operating wavelength range.

I. Effects of Cladding Radius Rb on Loss Coefficient

The effect of the cladding radius on the fiber performance
is shown in Fig. 16. When the radius of the fiber cladding
increases, the loss of FM and HOMs all decreases, and the
MFA is stable. In fact, the fiber can maintain single mode
transmission characteristics when Rb>113.0 μm. In particular,
when Rb = 115.0 μm, L11 = 36.0 dB/m, and L01 = 0.066 dB/m,
there is a maximum of LR= 545, and in other cases, the loss ratio
is slightly less than this value. A smaller cladding radius helps
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TABLE II
EFFECT OF FIBER PARAMETERS ON PERFORMANCE

the fiber achieve bending characteristics and is more conducive
to manufacturing. Therefore, we propose that Rb = 115 μm is
the best choice. At the same time, we summarize the simulation
parameters carried out above, as shown in Table II, which lists the
upper and lower limits of the reasonable range of the parameters.
All the parameters have a certain adaptive range, and the area
of the mode field fluctuates within a reasonable range. These
parameters can also satisfy the high loss ratio when an error
occurs and filter out the HOMs easily to realize single-mode
operation.

J. Effects of the Refractive Index of Solid Hole n2 on the Loss
Coefficient

This section will further illustrate the effect of different air
holes in the MLSHRF and their corresponding layer spacings
on the fiber performance. We first discuss the small hole d1 and
its corresponding hole-layer spacing p1. Closer to the fiber core,
the size and position of the hole will have a resonant coupling
effect on the fiber core, making the high-order mode better
delocalized from the active region. Fig. 17(a) and (b) show
that with increasing d1 and p1, the highest loss of FM and the
lowest loss of HOM both increase.

The variation in the FM loss occurs because with increasing
d1, an excessively high refractive index in the small hole will
affect the confinement of the fundamental mode. The rise of p1
can delay this phenomenon, so the FM trend presents a slanted
line. In the same way, with increasing d1, the resonance effect
of the small hole on the core is enhanced; these high HOMs
are no longer confined to the core, so we can see that a deeper
color appears on the right side of the figure. The mode field area
also increases with increasing d1, as shown in Fig. 17(c). The
loss ratio reaches its maximum value at d1 = 8.0–8.5 μm and
p1 = 7.0–8.0 μm, as shown in Fig. 17(d). In the whole range, the

Fig. 17. Deviation of d1 and p1 on fiber performance. (a) Highest loss of
FM, (b) lowest loss of HOM, (c) MFA, (d) loss ratio. The structural parameters
are set as Rc = 37.0 µm, H = 10.0 µm, n0 = 1.4385, n1 = 1.4380, and
n2 = 1.4394.

Fig. 18. Deviation of d2 and p1 on fiber performance. (a) Highest loss of
FM, (b) lowest loss of HOM, (c) MFA, (d) loss ratio. The structural parameters
are set as Rc = 37.0 µm, H = 10.0 µm, n0 = 1.4385, n1 = 1.4380, and
n2 = 1.4394.

loss ratio is almost more significant than 100, which can fully
realize the good single-mode operation of the fiber.

Second, we discuss the effects of d2 and p2 on fiber per-
formance, which can be seen in Fig. 18. Since d2 is far away
from the fiber core, it needs a larger hole diameter to better
delocalize HOMs of the fiber core. At the same time, p2 cannot
be too small so that the two layers are gathered together to
form a relatively concentrated high refractive index. The ring
destroys the resonant coupling effect of the hole on the fiber core.
Therefore, p2 is also appropriately increased. From Fig. 18(a),
(b), and (d), we can see that d2 and p2 also have a particular
impact on the performance of the fiber. When d2=10.0–11.5μm
and p2 = 8.0–10.0 μm, it can have a good loss ratio and effective
single-mode operation.

IV. OPTICAL FIBER ELECTRIC FIELD DIAGRAM

By calculation, the output mode field distributions of the fiber
are shown in Fig. 19. The fiber parameters are d1 = 9.0 μm,
d2 = 11.0 μm, p1 = 6.5 μm, p2 = 6.0 μm, H = 10.0 μm, and
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Fig. 19. Mode field distributions of the fiber.

n2 = 1.4394. The LP01 mode is entirely confined in the fiber
core, the LP11 and LP21 modes are partially leaked into the
solid hole, and other HOMs are dramatically delocalized from
the core.

V. CONCLUSION

In conclusion, this paper presents a novel MLSHRF that can
be used at a wavelength of 2.0 μm for single-mode operation.
Through two-dimensional finite element simulation technology,
the effects of d1, d2, p1, p2, Rc, H, λ, and n2 on the transmission
performance of the fiber are simulated and analyzed, and the
optimized parameter ranges are obtained. The feasible fiber
parameter ranges are d1 = 7.5–9.5 μm, d2 = 10.0–11.5 μm,
Rc = 35.0–40.0 μm, p1 = 5.0–8.5 μm, p2 = 4.0–10.0 μm,
H = 3.5–14.0 μm and n2 = 1.4393–1.4394. In these ranges, the
best parameters of the MLSHRF are d1 = 9.0μm, d2 = 11.0μm,
Rc = 37.0 μm, p1 = 6.5 μm, p2 = 6 μm, H = 11.0 μm, and
n2 = 1.4394, with L01 = 0.066 dB/m, L11 = 36.007 dB/m, and
LR = 545. The simulation results indicate that the transverse
mode discrimination ability of the fiber reaches performance
that is comparable to advanced international levels. The tunable
working range of the parameters is vast. The diameter of the
cladding is rather small compared to competing designs, which
facilitates bending. As a result, this device may offer many
potential applications in the world of 2.0 μm fiber lasers. The
single mode core diameter reaches 80.0μm, and the correspond-
ing effective mode field area is as high as 3849 μm2. Because
the optical fiber is solid and the cladding diameter is relatively
small, it offers the advantages of good heat dissipation, is easy
to prepare, bend, cut, and split, and is more conducive to serving
applications in high-power fiber lasers.
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