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A novel ultra-broadband polarization splitter based on a dual-core photonic crystal fiber (DC-PCF) is designed. The
full-vector finite element method and coupled-mode theory are employed to investigate the characteristics of the polarization
splitter. According to the numerical results, a graphene-filled layer not only broadens the working bandwidth but also
reduces the size of the polarization splitter. Furthermore, the fluorine-doped region and the germanium-doped region can
broaden the bandwidth. Also, the 4.78 mm long polarization splitter can achieve an extinction ratio of —98.6 dB at a
wavelength of 1550 nm. When extinction ratio is less than —20 dB, the range of the wavelength is 1027 nm—1723 nm with
a bandwidth of 696 nm. Overall, the polarization splitter can be applied to all-optical network communication systems in

the infrared and near-infrared wavelength range.

Keywords: photonic crystal fiber, polarization splitter, broadband bandwidth, extinction ratio
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1. Introduction

A polarization splitter, as an important component in an
all-optical network system, plays a significant role in opti-
cal fiber communication and optical fiber sensing.!!! Its main
function is to decompose a beam of light into two mutually
orthogonal polarized beams. However, a polarization splitter
based on a traditional dual-core (DC) fiber is not conducive
to device integration because the small birefringence of the
traditional fiber leads to a long polarization splitter. In ad-
dition, a polarization splitter based on a traditional dual-core
fiber has strong wavelength dependence and a narrow work-
ing band, which limits its application range.[*! Since pho-
tonic crystal fibers (PCFs) became available in 1996, they
have attracted extensive attention from researchers due to
their infinite single-mode transmission, high birefringence,
flexible nonlinear and adjustable dispersion and other unique
characteristics. ) Through flexible adjustment of medium ma-
terials as well as the size and position of air holes in the in-
ner and outer cladding, researchers can obtain a fiber suitable
for different optical devices. This provides another direction
for the design of new polarization splitters, which solves the
problems of traditional polarization splitters, such as a poor
splitting effect, a narrow working band and difficulties with
integration,[10-18]

A polarization splitter based on a DC PCF has flexible
and controllable structural parameters, and can easily realize
various novel characteristics and overcome the disadvantages
of traditional fiber splitters such as a narrow band and wave-
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length dependence. In 2003, Zhang and Yang!'%! proposed a
polarization splitter based on a DC PCF for the first time; they
could obtain high birefringence by increasing or decreasing
the diameter of different air holes in the cladding. Superior
to the traditional polarization splitter, this splitter achieved a
working bandwidth of 40 nm near 1550 nm on the premise that
the extinction ratio is greater than 10 dB. At the same time, the
advantages of a PCF for designing a polarization splitter were
also highlighted. In 2005, Florous et al.!''! put forward a PCF
with elliptical holes. The fiber was capable of splitting a beam
at 1310 nm and 1550 nm. In 2006, Rosa et al.!'?! designed
a PCF polarization splitter arranged in a square lattice, with a
length of 20 mm and a working bandwidth of 90 nm. In 2012,
Liu et al.!"3) put forward a novel kind of polarization splitter
in a DC elliptical hole hybrid PCF. As shown by the numerical
results, an extinction ratio of —64 dB was achieved at a wave-
length of 1550 nm. A 1.92 mm long splitter was suggested to
achieve a bandwidth of 150 nm with an extinction ratio better
than —10 dB. Only by changing the structural parameters of
the optical fiber can the maximum working bandwidth reach
150 nm. Nevertheless, most of the above beam splitters do not
meet the technical requirements of simple construction: the
size, shape and location of the air holes are difficult to accu-
rately control during production. !

The refractive index of the core is reduced by doping flu-
orine in the core, and hence the refractive index difference be-
tween fiber cores increases, leading to an increase in coupling
strength and a reduction in the size of the DC fiber. In 2004,
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this method was first introduced into the design of wideband
polarization splitters.['3) Laegsgaard er al.!'! suggested ex-
panding the bandwidth of DC fiber by adding fluorine to the
fiber core. This DC PCF with a low refractive index core re-
duced the coupling length in the short-wave band. In 2013,
Han et al.!'®! designed a DC PCF polarization splitter with
a fiber core doped with fluorine. Its length and bandwidth
were 7.362 mm and 600 nm, respectively, when the extinc-
tion ratio was lower than —20 dB. In 2016, Zhao er al.l'"]
introduced a modulation core and two fluorine-doped cores to
achieve an ultrawide bandwidth. According to their numerical
results, an ultra-broadband splitter with a bandwidth of 320 nm
could be achieved by using a 52.8 mm long PCF. Although the
coupling length of a fiber core doped with fluorine tends to
be flat with change in the wavelength, the mode fields of the
two cores overlapped with the high doping concentration. In
the design process, the refractive index of fluorine is difficult

(131 Beyond that, this method cannot in-

to control accurately.
crease the coupling length ratio, and the polarization splitter
must have a long length, which is not conducive to integrated
applications. (18]

Recently, researchers have found that many properties of
DC PCFs can be combined with the surface plasmon reso-
nance (SPR) effect. When the incident light energy is prop-
agated inside a DC PCF coated with a metal (or other dielec-
tric material) on the central air hole, the free electrons on the
metal (or other dielectric material) surface of the most central
air hole will interact with the incident light energy to produce
the SPR effect and excite the surface plasmon polariton (SPP)
mode on the metal (or other dielectric material) surface. Thus,
the resonant coupling strength of a DC PCF can be changed to
achieve the phase matching condition at a certain wavelength,
and the length of the splitter can be reduced. In 2014, Chen et
al." reported a novel polarization splitter based on a DC sil-
ica glass PCF with a liquid crystal modulation core. Apart
from that, an anisotropic nematic liquid crystal (NLC) of E7
(material type) infiltrated into the central air hole leads to large
birefringence, which makes splitters suffer a sharp increase in
coupling length. The separate length was 0.175 mm and the
extinction ratio —80.7 dB at the communication wavelength
of 1550 nm. In 2016, Ma et al.!"® proposed a DC PCF splitter
with graphene covering the central air hole; this had a band-
width of up to 610 nm and an extinction ratio of 56.3 dB at
1550 nm. The SPP mode was generated between pure quartz
and graphene upon the incidence of light. The light energy
was coupled from the core to the graphene surface, leading to
an increase in the effective refractive index difference. At the
same time, the coupling length remained flat in a wide range
and the bandwidth was broadened. In 2017, Bai and Wang!?’!
designed a DC PCF polarization splitter based on gold line fill-
ing. The length of the device was 0.263 mm, and the extinction

ratio at 1550 nm and the bandwidth were —70 dB and 124 nm,
respectively. In 2021, Qu et al.”?!l investigated a DC PCF po-
larization beam splitter with a simple structure covering the
E+ S+ C+ L+ U band based on the SPR effect. The total
splitting bandwidth was 315 nm. By introducing gold line/film
and other dielectric materials the plasma mode resonates with
the core mode, thus enhancing the polarization characteristics
of the fiber. In addition, the size of the splitter is also reduced.

In this paper, an ultra-wideband DC PCF polarization
splitter based on fluorine/germanium doping and a graphene
coating is proposed. Moreover, germanium is introduced to
break the symmetry of the DC fiber to obtain higher mode
birefringence and achieve stronger polarization characteris-
tics. The coupling effect between the SPP mode on the surface
of metal and graphene and the core mode is adopted to increase
the difference in coupling length between the two polariza-
tion directions, which can be more favorable to the separa-
tion of polarization states. Moreover, this structure has a large
fabrication tolerance. When the wavelength is 1550 nm, the
spectral ratio can reach —98.6 dB. In the range of 1027 nm-
1723 nm, the spectral ratio is less than —20 dB, resulting in
a ultrawide working bandwidth of 696 nm, and the length of
the beam splitter is only 4.78 mm. Compared with the known
splitters of the same type, this splitter has better spectral effi-
ciency. In addition, compared with the literature,*?! the op-
erating bandwidth of this splitter is 78 nm wider. In short, it
has great application prospects in future ultra-wideband, inte-

grated and high-speed all-optical network systems. ['8]

2. Structure and principle of the polarization
splitter

2.1. Structure of the polarization splitter

Figure 1 shows the cross section of the DC PCF proposed
in this paper. The fiber’s substrate material is pure quartz and
the air holes have a filled regular hexagon arrangement, with a
diameter of d and a hole spacing of A. Fiber core region A is
doped with fluorine, and region B is doped with germanium.
The diameter of the central air hole is d.. The outer layer is
wrapped with a graphene thin wall, forming a ring structure.
The thickness of the graphene ring is 7, and d. = d — 2t, as
shown in Fig. 2.

The effective refractive index of the pure quartz substrate
material is calculated by the Sellmeier formula!®
) 3 A; 12
n° (1) H_Eikz_%z'
Here, A} = 0.6961663, A, = 0.4079426, A3 = 0.8974794,
A = 0.0684043 um, A, = 0.1162414 pum, and A3 =
9.896161 pum (A is the wavelength). The absolute value of
the difference between the refractive index of the fluorine-

ey

doped core and that of pure quartz is A;. Beyond that, the

054215-2



Chin. Phys. B 31, 054215 (2022)

absolute value of the difference between the refractive index
of the germanium-doped core and that of pure quartz is A;.
Meanwhile, A; and A, are related to the concentrations of
fluoride and germanium.!'®! The effective refractive index of
graphene!?! is (C; = 5.446 um™1)

n(A) =3+1(C1/3)A. )

0000000
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OO0 000000
O 000000
OO0 0000
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Fig. 1. Cross section of the DC PCF.

Fig. 2. Cross section of the central air hole.

2.2. Theoretical basis

According to mode-coupling theory, there are four super
modes in a DC PCF: the odd mode and even mode in the direc-
tion of x-polarization, and the odd mode and even mode in the
direction of y-polarization.!?*! Since the odd and even modes
of the same polarization state are coupled along the propaga-
tion direction of the fiber, the polarized light energy is trans-
ferred from one fiber core to another one. When the incident
light energy of one polarization direction in the fiber core is O,
the corresponding propagation distance is called the coupling
length L, which can be expressed as follows: >

A

Xy Xy
ne,k no,k

L=
2

. 3)

where 1. and ", refer to the effective refractive index of the
even and odd modes of x-polarization and y-polarization, re-
spectively. They are calculated by the all-vector finite element
method (FEM), with incident wavelength of A. Due to the ex-
istence of double refraction LY and L are unequal. To realize

the full penny beam, the coupling length of x and y directions
should be satisfied as!'3]
_ me=ngl

7| =m:n, 4

y.rx
L L= g
€ 0

where m and n are integers with opposite evenness. As long
as the fiber length, when the transmission distance of inci-
dent light in the fiber core is z, polarization beam splitting
can be realized. At this point, the coupling length ratio is
& = L. /LY = m/n. Obviously, m and n can have multiple sets
of values. Given the microstructure and easy integration of
devices, m = 2 and n = 1 are the best values.

It is assumed that the power of incident light into the core
is Py; then the power in x and y polarization directions at the

output ends of cores A and B are respectively!!20]
: T oz
P = P.cos® ( ) , 5)
out,A n 2 L?)
) Tz
P — P_sin? ( . ,,) ) 6)
out,B n 2 Lg-,}

The extinction ratio (ER) indicates the crosstalk between
x and y polarization states in the same fiber core, which is an
important parameter for evaluating the performance of the po-
larization splitter. The extinction ratio of fiber cores A and B

can be expressed as follows:[!3-20:26]
Pa
ERA = 10logo [ -4 ), (7
Pgut,A
P
ERg = 10log,, (;‘”) . 8)
out,B

3. Results and analysis

The object of research in this paper is PCF, and the re-
search tool is COMSOL Multiphysics 5.6 simulation software.
Meanwhile, the research method is the full vector FEM. The
FEM provides high accuracy and flexible triangular meshes
and is implemented to characterize the designed polarization
splitter. Beyond that, the PCF is divided into 28376 triangular
meshes. The number of mesh vertices is 14279 and the mesh
area is 2.811 x 107! m?. The scattering boundary condition
is employed in the simulation process.[!8]

The operating bandwidth and device size are two key pa-
rameters for evaluating the characteristics of the polarization
splitters. Theoretically, the coupling length of the DC PCF
(L), the coupling length ratio (8) and the relative coupling
length ratio (L;) are closely related to these two indicators. The
final structural parameters of the optical fiber are d = 1 pum,
A =22 pum,t=45.5nm, and A} = Ay = 0.0002. In addition,
the whole vector FEM is used for the research and analysis.

054215-3
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3.1. Coupling length and coupling ratio

The coupling length is an important parameter for mea-
suring the coupling effect between two cores. With other con-
ditions are unchanged, the shorter the coupling length, the
stronger the coupling characteristics. As shown in Fig. 3(a),
with or without graphene rings, the coupling length of x and
y polarization directions L. varies with wavelength. As dis-
played in Fig. 3(b), when the thickness of the graphene ring ¢
changes, curves of the x and y polarization coupling length L.
vary with wavelength. Figures 4(a) and 4(b) reveal the curves
of coupling length ratio varying with wavelength in the two

cases.
(a) v
61 v
P 4
vY
— 5VFv-y v
E YVYvyvyvvVY
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Fig. 3. Plots of coupling length versus wavelength: (a) PCF with or without
graphene; (b) different thicknesses of graphene (x-polarization).

As shown in Figs. 3(a) and 4(a), although the coupling
length of the graphene ring-free structure is short, the cou-
pling length ratio remains around 1.1, leading to large values
for m and n. However, this makes the device length longer.
Apart from that, the addition of a graphene ring to the cen-
tral air hole increases the coupling length, but the coupling
length ratio also increases with increase in wavelength. The
reason for this phenomenon is that there is an energetic cou-
pling between the SPP patterns!>”-?8! generated by the inner
walls of the graphene rings and the core patterns. Figure 5 dis-
plays the two-dimensional and three-dimensional mode field

distributions of even modes in the y-polarization direction of
fiber core at different wavelengths. In addition, the direction
of the red arrows in the two-dimensional figure represents the
direction of the electric field, and the density represents the
magnitude of the electric field. It can be observed from the
figure that the energy of the mode field is mainly concentrated
in the two core regions at the beginning, but with increasing
wavelength the energy is transferred from the core to the cen-
tral air hole. At this time, the coupling effect between the core
mode and the SPP mode becomes increasingly obvious. As re-
vealed in Fig. 6, the mode field distribution of even modes in
the x-polarization direction of the fiber core at different wave-
lengths is similar to that in the y-polarization direction. The
difference is that the energy of the central air hole is concen-
trated on the graphene ring in the x-polarization direction. Fig-
ure 7 displays the distributions of odd-mode two-dimensional
and three-dimensional mode fields of the fiber core in the y-
polarization direction at different wavelengths. Obviously, at
three different wavelengths there is no obvious energy cou-
pling between the odd mode of the fiber core and the second-
order graphene SPP mode. Besides, the energy of the mode
field is concentrated in fiber cores A and B, and there is no
strong interaction with the graphene layer.

2.4
2.2
o
Be 2.0
—
T 18
=
<
w 1.6
k! —8— Without graphene
& 1.4F —A— With graphene
1<)
]
1.2F
1.0 1 1 1 1 1 1 1 1 1
1.0 1.2 1.4 1.6 1.8 2.0
Wavelength (pm)
2.8
(b)
2.6
—&—t=43.5 nm
-E —@—t=44.5 nm
5] 2.4r
= —A—{=45.5 nm
< —
5 29k —¥—-t=46.5 nm
g
<
g 2pmmmmmmeeg
E
3 1.8
]
1.6

M

Wavelength (pm)

Fig. 4. Plots of coupling length ratio versus wavelength: (a) PCF with or
without graphene; (b) different thicknesses of graphene.
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1 order SPP mode in the
direction of y polarization

'y

1000 nm

1550 nm 2000 nm

Fig. 5. Two- and three-dimensional electrical field distributions of the y-
polarization even mode at different wavelengths.

\

A

2000 nm

1000 nm

1550 nm

Fig. 6. Two- and three-dimensional electrical field distributions of the x-
polarization even mode at different wavelengths.

I BI

2 order SPP mode in the direction
of y polarization

A Pm g
v v v

1000 nm 1550 nm 2000 nm

Fig. 7. Two- and three-dimensional electrical field distributions of the y-
polarization odd mode at different wavelengths.

Under the same wavelength, the coupling difference be-
tween odd and even modes and SPP modes will affect the
change in the effective refractive index of the modes, as shown
in Fig. 8. As displayed in Fig. 8(b), the two effective refractive
index curves are very close compared with the two cases of the
fiber with and without a graphene ring structure. Namely, the
odd-mode effective refractive index in the y-polarization di-
rection has little numerical variation. As shown in Fig. 8(a),
with increase in wavelength, the gap between the two curves
becomes bigger. Apart from that, the even mode of the y-
polarization direction is greatly influenced by the graphene
SPP mode.
tive refractive index of the y-polarization direction is greater

As a result, the change in the even-mode effec-

than that of the odd-mode effective refractive index. Mean-
while, the two blue difference curves of amplitude changes in
the figure reflect the differences more intuitively.

1.445 y 36
(a) —— y-even mode without graphene
1.440 — - y-even mode with graphene 32
w —
< 1.430 24 1
£ 1425 Z
) 20 (]
i 1.420 g
B 16
S 1.415 g
= 12 £
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1.400 4
1.395 1 1 1 1 1 1 1 1 1 0
1.0 1.2 1.4 1.6 1.8 2.0
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1.440 N 5.0
1.435 .
y 4.5 N
§ 1.430F —— Difference =
9 B 140 =
£ 1.425 ,
£ 1a20f 135 £
B N 2
3&:.“) 1.415 130 %
£a} 1.410F A
12.5
1.405
—  y-odd mode without graphene 2.0
1.400 [ — -y-odd mode with graphene
1.395 1 1 1 1 1 1 1 1 1 1.5
1.0 1.2 1.4 1.6 1.8 2.0

Wavelength (pm)
Fig. 8. Plots of effective index versus wavelength: (a) y-polarization even
mode; (b) y-polarization odd mode.

As shown in Fig. 9, in the absence of a graphene ring
structure, the effective refractive index difference of the x-
y
- no,l |)
without graphene increase approximately exponentially, while

direction (i.e., [y ; —ny ; |) and y-direction (i.e., | 2

those with a graphene ring structure increase parabolically.
The growth rate of |n§ 2, 5| with a graphene ring structure
is much greater than that of |} ; —n ; |. In the x-direction, the
difference increases from 1.5483 x 10~ t0 3.85618 x 10~*

the wavelength range from 1 um to 1.87 um. Nevertheless, the
difference just increases from 0.9871 x 10™* to 1.6914 x 10~*
in the wavelength range from 1 pum to 1.77 um. This is further
proof that graphene has a stronger influence on the x-direction
coupling strength. With increase in wavelength, the difference
between increases sharply. According to formula (4), when
the difference in the effective refractive index increases, the
coupling length ratio increases and the ideal ratio of 2:1 is
easily achieved. Therefore, adding the graphene ring struc-
ture is more conducive to realizing the function of the splitter.
As shown in Figs. 3(b) and 4(b), when the thickness of the
graphene ring ¢ increases, the coupling length and the cou-
pling length ratio will increase accordingly. According to the
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working wavelength, the best value of graphene ring thickness
when the coupling length ratio is 2:1 is selected. Generally
speaking, taking A = 1550 nm, we could obtain the optimal
value of the graphene thickness, r = 45.5 nm.

4

(1.87,3.85618)

ng—ng (with graphene)
nY—nY (with graphene)
ni—n? (without graphene)

n¥—nY (without graphene)

- — -— —

F (1,0.9871) -

Effective index difference (107%)
2

- (1.77,1.6914)
- -
1F (1,0.2573) (2,0.8572) ~_
|/ (1,0.2467) e 7
ol (2,0.7483)
0 n i . . . . A . .
1.0 1.2 1.4 1.6 1.8 2.0

Wavelength (pm)

Fig. 9. Plots of effective refractive index difference versus wavelength.

3.2. Relative coupling length ratio

According to the results of the mathematical analysis,
when Ay has a fixed value, the ratio of the coupling length of
any wavelength A to that of the working wavelength Ay should
be close to 1. In this way, the polarization splitter can obtain a
wider working bandwidth. In this paper, the relative coupling
length ratio is introduced to describe the above ratio, and can
be expressed as follows:

L =L Logy ©

According to Ref. [16], a fiber core doped with fluorine
can make the relative coupling length ratio approach 1. In
this research, the fiber core is co-doped with fluorine and ger-
manium, and the two core areas are only doped with fluo-
rine on one side and germanium on the other side to destroy
the symmetry of the DC fiber. This is conducive to obtain-
ing higher-mode birefringence and thus enabling the fiber to
obtain stronger polarization characteristics. As displayed in
Figs. 10(a) and 10(b), the order of magnitude of mode bire-
fringence for the undoped fiber is 107%, and the order of mag-
nitude of mode birefringence is increased to 10~ in the case
of fluoride and germanium co-doping.

Figure 11 shows the curve of the relative coupling length
ratio for the x-polarization direction with and without fluoride
and germanium in the fiber core changing with the wavelength.
It is obvious that the structure can make the relative coupling
length ratio approach 1 and the curve tends to be more obvious
below a wavelength of 1550 nm. In fact, when the concentra-
tion of fluorine and germanium in the fiber core is too high
(i.e., when the values of A; and A; get larger), the mode fields
of the two cores will be squeezed to the center and overlapped,

making it difficult to separate polarized light in two directions
at the end of the splitter. Therefore, the values of A; and A,
should not be too high.
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Fig. 10. Plots of birefringence versus wavelength: (a) without F and Ge;
(b) with F and Ge.
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Fig. 11. Plots of relative coupling length ratio (x-polarization) versus
wavelength.

3.3. Normalized power and extinction ratio

Figure 12 reveals that for wavelength A = 1550 nm, the
normalized power curve of a fiber core in the direction of x-
polarization and y-polarization varies with the transmission
distance. As shown in Fig. 12, when the beam is emitted into
fiber core A, the energy in the direction of x-polarization and
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y-polarization will undergo periodic transfer in fiber cores A
and B. Under this wavelength, when the transmission distance
z=2LY = 2Ly = 4.78 mm, the x-polarized light is in core A
and the y-polarized light is coupled to core B, implementing
the complete separation of the two polarization directions.
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Fig. 12. Normalized power versus propagation distance.

The extinction ratio determines the effect of the polariza-
tion splitter. The larger the ratio is, the more favorable it is
for the separation of the two polarization states. It is generally
considered that the extinction ratio must be less than —20 dB
to achieve the separation effect. Figure 13 shows the curve of

extinction ratio versus wavelength when the transmission dis-
tance is 4.78 mm. It can be observed from Fig. 13 that at a
wavelength of 1550 nm, the extinction ratio of cores A and B
is —98.6 dB and —68.8 dB, respectively. At the same time,
the wavelength range for an extinction ratio less than —20 dB
is 696 nm and 432 nm, respectively. Table 1 compares the
performance of the polarization splitter designed in this paper
and those in other references. It is obvious that the polarization
splitter designed in this paper has some advantages in terms of
the extinction ratio and the working bandwidth.
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Fig. 13. Extinction ratio versus wavelength.

Table 1. Comparison of different polarization splitters.

Reference Extinction ratio at 1550 nm (dB) Working bandwidth (nm) Working wavelength range (nm)
[2] -25 400 1270-1670
[13] —50.1 34 1533-1567
[16] —46.6 600 1105-1705
[20] -70 124 1482-1606
[22] —132.92 618 1040-1658
[29] =31 116 1481-1597
[30] —53.46 120 1490-1610
Our work —98.6 696 1027-1723

3.4. Confinement losses

Optical fiber communication is inseparable from loss, and
the transmission over a certain distance is closely related to
loss. Confinement loss, as an important index of fiber trans-
mission, can be calculated using

2
L =8.686 x Tnlm(neff) % 106 (10)

The units of confinement loss and wavelength are
dB/cm~! and um, respectively. In addition, Im(nes) refers
to the imaginary part of the effective refractive index of the
fundamental mode.

Figure 14 shows the confinement losses spectra of the
four super modes. It can be seen that with increasing wave-
length, the confinement of the energy in the transfer cores be-
comes weaker and the confinement losses get larger. Beyond

that, the confinement loss of even modes in the x-polarization
direction is the biggest. Notably, the loss of the x-polarization
mode is greater than that of the y-polarization mode in the
whole range, because two pores doped with fluorine and ger-
manium are placed in the x-direction. Furthermore, the x-SPP
mode is more easily coupled with the graphene ring than the
y-SPP mode.[3!]

3.5. Tolerance analysis

Given that the fiber is affected by external factors in the
actual drawing process, the fiber structure parameters will
show a certain deviation. Figure 15(a) displays the change
of extinction ratio with wavelength when the fiber coupling
length deviates from the initial coupling length by +1%. As
shown in the figure, a change of fiber coupling length of +1%
has little impact on the working bandwidth of the polarization
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which has little impact on the polarization performance. Based
on the above tolerance analysis, the fiber structure parame-
ters changed by the external factors have little impact on the
performance of the designed polarization splitter in the actual
production process.

4. Conclusion

In this paper, a polarization splitter for an ultra-wideband,
dual-core photonic crystal fiber was proposed. The optimal
coupling length ratio of 2:1 and the relative coupling length
ratio of nearly 1 were obtained by introducing a graphene
ring and a fiber core doped with fluorine and germanium,
which made the operating bandwidth of the polarization split-
ter wider and the device size smaller. According to simulation
results, when the wavelength was 1550 nm, the extinction ra-
tio could reach —98.6 dB. When the wavelength was between
1027 nm and 1723 nm (i.e., a bandwidth of 696 nm), the spec-
tral ratio was less than —20 dB and the length of the beam
splitter was 4.78 mm. Compared with the known splitters, the
operating bandwidth of this splitter was nearly 100 nm wider,
while the size of the device was reduced by a third. In addi-
tion, the structure had a certain production tolerance. When
the coupling length or graphene thickness showed a numeri-
cal deviation of +1%, good performance of the polarization
splitter could be still guaranteed. Owing to the above excel-
lent splitting characteristics, the proposed polarization splitter
will be very important for applications in the field of ultra-
wideband optical communications and integrated optics.
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