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Polarized Supercontinuum Generation in CS2-Core
All-Normal Dispersion Photonic Crystal Fiber

Chao Wang , Kai Lin , Suqun Cao, Guoying Feng , Jun Wang , and Ahmed N. Abdalla

Abstract—We numerically analyze a polarization maintaining
(PM) supercontinuum generation (SCG) in all-normal dispersion
liquid (CS2)-core photonic crystal fiber (LC-PCF). The proposed
LC-PCF affords a high birefringence (10−3 to 10−2) from 1.0 µm
to 2.2 µm wavelength with fundamental mode behavior. The lin-
ear polarization and high coherence spectral width for X and Y
polarized axes covers 1.32 µm∼2.28 and 1.28 µm∼2.24 µm with
pump wavelength of 1.55 µm at pump power of 2 kW, respectively.
Furthermore, we found that the ability of maintaining linear polar-
ization state of SC source for X-axes is better than that of Y-axes as
the pulse duration varies from 0.05 ps to 0.6 ps at the same pump
wavelength. In addition, the proposed LC-PCF-based SC source
is a good candidate for applications such as biomedical imaging,
fluorescence lifetime imaging fields, and frequency comb sources.

Index Terms—Liquid core photonic optical fiber, linear
polarization state, coherence, supercontinuum generation.

I. INTRODUCTION

SUPERCONTINUUM generation (SCG) in photonic crystal
fibers (PCFs) has been studied broadly and deeply more

than two decades [1]. They have extensive applications such as
in optical communications [1], [2], [3], [4], wavelength-tunable
light sources [5], [6], optical frequency metrology [7], [8],
[9] and optical coherence tomography (OCT) [10], [11] etc.;
However, many applications require linearly-polarized (LP) su-
percontinuum generation (SC). For instance, linearly-polarized
SC for the UV to near-IR region is important in biomedical
imaging and fluorescence lifetime imaging fields [12], [13], [14],
the hyperspectral imaging system require the SC source to have
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linear polarization state [15], [16]. The SC applied to ultra-short
pulse amplifiers and frequency comb sources in 2 μm spectral
region require the source to have linear polarization state [17],
[18]. Moreover, it is important to use polarization-maintaining
fibers to have a well-defined polarization and phase of seed
pulse [16]. In the circularly symmetric fiber, the generated SC is
generally unpolarized. The effective way for obtaining a linearly
polarized SC is using highly birefringent PCFs [19], [20], [21],
[22].

Recently, many researchers have carried out research work
to obtain high birefringence, high nonlinearity and dispersion
management photonic crystal fibers [23], [24], [25], [26], [27],
[28]. The common methods which can achieve high birefrin-
gence (B = 10−3∼10−2) are using elliptical or rhombic holes
around core or elliptical core [24], [27]. But the incorporation of
elliptical air holes or rectangular air holes in or around the core
of the structures make fabrication difficult. So the air hole rings
of different size arranged in a hexagonal lattice are widely used
[23], [26].

The innovative potential of liquid-core photonic crystal fiber
(LC-PCF) combines good transmission from visible to middle
infrared region (NIR) [29], [30], [31], [32], [33] spectrum with
nonlinearities as high as those of soft-glasses, and tuning capa-
bilities comparable to those of gases. A variety of liquid filled
optical fibers are used to generate supercontinuum, the liquid
including carbon disulfide (CS2), ethanol (C2H5OH), carbon
tetrachloride (CCl4), nitrobenzene (C6H5N2O) and water (H2O)
etc. Among these liquids, CS2 feature highly non-instantaneous
nonlinearities [32] and a broad transmission range [34], [35]. D.
Churin et al. have demonstrated that the liquid CS2 has nearly
100% transmission in the wavelength range of 1.4 μm ∼2.2 μm
by experiment [35]. And CS2-core optical fiber possesses non-
linear response with picosecond long decay times, which is
unique. Such highly non-instantaneous response originates from
the strong reorientation and libration of elongated carbon disul-
fide liquid molecules in an optical field. The resulting nonlinear
refractive index (n2≤285×10−16 cm2·W−1) can be comparable
to the soft-glass systems. The process of spectral broadening
depends strongly on the fiber dispersion and its nonlinear gain,
but also on the temporal characteristics of the core material.
So we choose carbon disulfide as the filling liquid. All-normal
dispersion (ANDi) supercontinuum exhibits a much superior
noise performance [18], [20], [36], [37]. All-normal dispersion
optical fibers can be used to efficiently suppress the polarization
modulation instability (PMI), and eliminate the last remaining
noise amplification process in femtosecond pump ANDi SC
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Fig. 1 The crystal geometry structure with a carbon disulfide core (a).
V number as a function of wavelengths at d1/Λ= 0.9, d2/Λ= 0.4. The horizontal
dotted line represents V = π (b). Fig. 1 was calculated by using Ref [42].

generation [18]. To obtain broadband supercontinuum, the pump
wavelength should be selected at or close to the maximum of
the convex dispersion curve in all normal dispersion region
[38]. Additionally, the wideband spectrum can be generated by
appropriately increasing the pulse duration or pump power. Nev-
ertheless, the coherence and polarization of the supercontinuum
will deteriorate for large the pulse width and pump power. Xu
et al. designed a highly nonlinear polarization-maintain PCF by
using two liquids of CS2 and C2H5OH [39]. However there is no
report on the nonlinear optical dynamics and SC generation in
all-normal dispersion CS2-core polarization maintaining (PM)
PCF with high birefringence. We proposed the PM PCF filled
with only one liquid of CS2. Such PM LC-PCF can pave the way
for novel spectroscopic applications and coherent and tunable
mid-infrared linear polarization light sources.

This manuscript introduces a highly nonlinear polarization-
maintaining (PM) PCF of core-filled with only one liquid (CS2)
in the background of silica and working in all-normal dispersion
region (the two polarization principal axes). The proposed LC-
PCF has a ultra-high birefringence (in the order of 10−3∼10−2)
for 1.0∼2.2 μm wavelength. Besides, the two-axes polarization
modes exhibit different time sensitivity, which can be interest-
ingly used to guide the actual experiment. Moreover, to validate
the polarization spectrum principle of evolution under different
pulse duration, and analyze the influence of noise caused fluc-
tuation on polarization state. Numerical simulation of the SCG
for a low pump peak power of 2 kW at a pump wavelength
of 1.55 μm shows that a broadband polarized continuum from
1.32 μm to 2.28 μm and from 1.28 μm to 2.24 μm for X and Y
polarized axes, respectively.

II. DESIGN OF LC-PCF AND THEORETICAL MODEL

A. High Birefringence LC-PCF Numerical Model

Photonic crystal fiber with a core infiltrated with carbon
disulfide (CS2) is proposed as shown in Fig 1(a). The microstruc-
ture cladding is composed of three rings of circular air holes,
which form a hexagonal lattice in silica glass background. In
order to enhance the effective index difference between the two
orthogonal polarization modes, we introduce large circular air
holes into the cladding. The optical fiber parameters: d1, d2,
2R(2R =Λ) and Λ denote the diameters of large air holes, small
air holes, core hole and air hole pitch, respectively. The big hole

air-filling fraction of d1/Λ can be selected in the region of [0.8,
0.9] for high mode birefringence [28], [40], [41]. As triangular
lattice PCF exhibits the property that extends the d2/Λ ratio up
to 0.475 while maintaining the single mode characteristics [42].
This feature of the PCF provides a degree of freedom to increase
the small air-filling ratio from 0.4 to 0.475. We choose maximum
(minimum) value of the big (small)-hole air-filling fraction as
d1/Λ= 0.9 (d2/Λ= 0.4) because the increased (decreased) d1/Λ
(d2/Λ) will increase the fabrication difficulty. Fig. 1(b) illustrates
the changes in V numbers [42] as a function of wavelengths for
the proposed PM LC-PCF. It is seen that the V number of the
proposed LC-PCF increases as the air hole pitch increases from
1.2 μm to 2.5 μm. The cutoff wavelengths of single mode are
1.15 μm, 1.24 μm,1.33 μm,1.42 μm, 2.50 μm when the air hole
pitches are Λ = 1.2 μm, 1.3 μm, 1.4 μm, 1.5 μm, 2.5 μm,
respectively.

The refractive index of pure silica and carbon disulfide (CS2)
as a function of wavelength using the following SellMeier equa-
tion (at 20 °C):

n2
CS2

− 1 =
1.499426λ2

λ2 − (0.178763 μm)2
+

0.089531λ2

λ2 − (6.591946 μm)2

(1)
where λ is the free space wavelength in units of μm [32]. Carbon
disulfide exhibits almost no absorption in the visible and near
infrared region [34], [35], [43]. And the definition of group-
velocity dispersion (GVD) can be described as:

D(λ) = −λ

c

d2Re[neff (λ)]

dλ2
= −2πc

λ2
β2 (2)

where c, β2 and neff(λ) are the velocity in free space, the
second-order dispersion, and the LC-PCFs effective index of
the fundamental mode respectively. We calculated the effective
refractive index neff and the confinement loss (CL) [23] of the
fiber by using COMSOL software. Then the birefringence (B),
the two polarization modes effective mode area (Aeff) and the
nonlinear coefficient (γ), the chromatic dispersion (D) and the
higher-order dispersion coefficient βm (m≥2) are calculated
[44], respectively. We can control the characteristics of the
proposed fiber by adjusting the fiber geometry parameters.

To maintain the single mode characteristics and high birefrin-
gence of the proposed fiber, we vary the hole pitch from 1.2 μm
to 1.6 μm and fix d1/Λ = 0.8 and d2/Λ = 0.4. It can be seen
from Fig. 2(a), the mode birefringence increases as the hole
pitch decreases, the main reason is that the small pitch increases
the asymmetry in the structure. It also can be seen from Fig. 2(a)
that the birefringence increases as the wavelength varies from
1 μm to 2.2 μm, this is because the smaller pitch increases the
asymmetry in structure. Fig. 2(b) shows that the decrease in
the hole pitch results in an increase of confinement loss of the
two polarized mode. Furthermore, the loss of the fast (Y) axis
is greater than that of the slow (X) axis. This is because the
mode confined in the core extends into the cladding as the hole
pitch decreases, which leads to an increase in loss. Fig. 2(c)
shows the dispersion of the designed LC-PCF, the wavelength
corresponding to the maximum point of dispersion decreases
as the lattice pitch decreases. The results show that the fiber
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Fig. 2. Variation of wavelength with birefringence (a), confinement loss (b),
and GVD parameter D (c) for Λ= 1.2 μm (black), 1.3 μm (red), 1.4 μm (blue),
1.5 μm (green), 1.6 μm (magenta) at d1/Λ = 0.8, d2/Λ = 0.4. Fig. 2 was
calculated by using Ref [41].

dispersion is greatly affected by the lattice pitch. The main
reason is that the effect of material dispersion decreases, and
the waveguide dispersion dominates. The X-polarization and
Y-polarization fundamental mode operate in all-normal region
when the fiber parameters are Λ = 1.3 μm, d1/Λ = 0.8, and
d2/Λ = 0.4. To further increase the mode birefringence and
reduce the confinement loss, we optimize the big (small) air
hole air-filling fraction and set Λ = 1.3 μm.

In order to increase mode birefringence, meanwhile, reduce
the confinement loss by changing the small hole diameter and fix
the lattice pitch Λ = 1.3 μm. The mode birefringence increases
as the air-filling fraction d1/Λ increases, and varies slightly as
the small air-hole changes [28]. The proposed LC-PCF works in
all-normal dispersion region for the two polarized axis. The big
hole air-filling fraction d1/Λ varies from 0.8 to 0.9, nevertheless,
the dispersion and confinement loss have changed slightly when
fixed the value of d2/Λ (Fig. 3(a) and (b)). The main reason is
that the waveguide dispersion is slightly affected by big hole
air-filling fraction as fixes the air hole pitch. And the smaller
big air hole diameter makes the light confinement stronger. The
fabrication of the optical fiber will become difficult when the big
hole air-filling is more than 0.9. To obtain high birefringence and
all-normal dispersion, we choose d1/Λ = 0.9.

To further optimize the proposed fiber structure, we investi-
gated the air-filling factor of small air holes d2/Λ varies from
0.4 to 0.5. It is apparent that the chromatic dispersion has
changed dramatically with an increase of the small air hole
diameters (air-filling factor) (Fig. 3(c)), the main reason is that
the small air hole diameter has great influence on waveguide
dispersion as d2/Λ changes from 0.4 to 0.5 at d1/Λ = 0.9. The
maximum GVD parameters are −47.3 ps·nm−1km−1 (X-axis)
and −8.5 ps·nm−1km−1 (Y-axis) at wavelength λ = 1.54 μm
and λ = 1.46 μm, respectively (Fig. 3(c)). The confinement
loss decreases as increases d2/Λ (Fig. 3(d)) due to tight mode

Fig. 3. Group-velocity dispersion D (a) and confinement loss (b) with different
d1/Λ at d2/Λ = 0.40, and Λ = 1.3 μm. GVD parameter D (c) and confinement
loss (d) with different d2/Λ at d1/Λ = 0.90, and Λ = 1.3 μm. Fig. 3 was
calculated by using Ref. [41].

confinement. In order to obtain high birefringence and make the
proposed fiber operate in all-normal dispersion region, we select
d2/Λ = 0.4 as the air-filling factor of small air holes which is
at expense of confinement loss. In order to obtain large spectral
broadening, we select pump wavelength λ = 1.55 μm.

B. Supercontinuum Generation in Optimized Structure

The polarization evolution in our proposed highly birefringent
PM-LCPCF is modeled with the two coupled generalized non-
linear Schrödinger equations (CGNLSE) as described in [45].

∂Aj

∂z
+

1

2

(
Δβ0 +Δβ1

∂Aj

∂t

)
−

∑
m≥2

im+1

m!
βmj

∂mAj

∂tm

= iγ

(
1 + iτ0

∂

∂t

)
Aj

[
(1− fR)

(
|Aj |2 + 2

3
|Ak|2

)

+ fR

∫ t

−∞
hR(t− t′)

(
|Aj |2 + |Ak|2

)
dt′

]
(3)

where Aj and Ak are the field components with j and k = x
or y (x�y), z is a propagation coordinate, the time coordinate
moving in a reference frame is given by t = τ -(β1j+β1k)z/2,
Δβ0 = (β0j-β0k) is the phase mismatch, Δβ1 = (β1j-β1k) is
the group velocity mismatch, τ0 is optical shock time scale.
The confinement losses are 0.09 dB·m−1 and 0.19 dB·m−1 (at
pump wavelength of 1.55 μm) for X and Y polarized modes,
respectively. Fiber loss is neglected because the short length of
the fiber is considered in the simulations. All input pulses are
assumed to be linearly polarized with no frequency chirp.

We show the dispersion coefficients (β) of the two orthogonal
modes, the mode effective area Aeff, the nonlinear coefficient γ,
and the birefringence B in Fig. 4. The first- and second-order dis-
persion terms of X-polarized mode and Y-polarized mode have
different dispersion states due to fiber birefringence (Fig. 4(a)).
The relationship between the first-order dispersion term and
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Fig. 4. The dispersion coefficients related to the mode propagation constant
β, the mode effective area Aeff, the nonlinear coefficient γ and the birefringence
B at d1/Λ = 0.9, d2/Λ = 0.4, and Λ = 1.3 μm. (a) The first- and second-order
dispersion coefficients for the two fundamental modes, (b) The phase mismatch
(Δβ0) and the group velocity mismatch (Δβ1) between the two fundamental
modes. (c) The mode effective area Aeff and the nonlinear coefficient γ. (d) The
mode birefringence B of the proposed LC-PCF versus wavelength. Fig. 4 was
calculated by using Ref [46].

Fig. 5. Spectrum in log scale, ellipticity evolution with respect to propagating
length along (a), (c) slow axis (0°) and (b), (d) fast axis (90°) of the proposed
PM-LCPCF. The input pulse of T0 = 100 fs has been launched at the peak power
of 2 kW. Fig. 5 was calculated by using (1-4).

the group velocity is β1 = 1/vg. The group velocity mismatch
reduces at first and then increases (Δβ1 ≤−13.48 ps·m-1) in the
wavelength region of 1.0μm to 2.2μm (Fig. 4(b)). The minimum
value of group velocity mismatch is Δβ1 = −46.8 ps·m−1

at λ = 1.7 μm. And the phase mismatch Δβ0 changes from
12.72 m−1 to 44.72 m−1 when the wavelength varies from
1.0 μm to 2.2 μm. The effective area Aeff increases and non-
linear parameter decreases when the wavelength changes from
1.0 μm to 2.2 μm (Fig. 4(c)). The mode area increases due
to the mode field extending further into the cladding, and thus
leads to smaller nonlinear coefficient with an increase in the
wavelength. The effective area Aeff varies from 1.29 μm2 to

3.67 μm2 (X-axis) and from 1.28 μm2 to 4.34 μm2 (Y-axis),
and the corresponding nonlinear parameter γ decrease from
13.1 W−1·m−1 to 2.1 W−1·m−1 (X-axis) and from 13.3 W−1·m−1

to 1.77 W−1·m−1 (Y-axis), respectively. The birefringence value
increases from 2.04 × 10−3 to 1.57×10−2 as the wavelength
varies from 1.0 μm to 2.2 μm (Fig. 4(d)). The main reason is that
the mode field penetrates more into the asymmetrical cladding
region as the wavelength increases.

The simulation method used in this study is the symmetrized
split-step Fourier method utilizing a fourth order Runge Kutta
method for the nonlinear integration. The response function and
nonlinear parameters of carbon disulfide liquid are derived from
Ref [47]. Random noise was added to our input condition and the
results were sampled average 50 simulations. To characterize the
polarization state and evaluate the pulse-to-pulse polarization
fluctuations of the specific output SC, the parameter ellipticity
ep, and the polarization correlation function ρ(λ) are generally
used [48], respectively:

ep =
2Im

[
Ã∗

x(λ)Ãy(λ)
]

∣∣∣Ãx(λ)
∣∣∣2 +

∣∣∣Ãy(λ)
∣∣∣2

(4)

ρ(λ) =

∣∣∣〈Ãx(λ)Ã
∗
y(λ)

〉∣∣∣[〈∣∣∣Ãx(λ)
∣∣∣2
〉〈∣∣∣Ãy(λ)

∣∣∣2
〉]1/2 (5)

where Ãx(λ) and Ãy(λ) are the Fourier transforms of Ax(τ )
and Ay(τ ), the angle brackets and the superscript ‘∗’ denote
ensemble averaging and a complex conjugate operator, respec-
tively. The ellipticity ep = 0 represents that the output spectrum
is linearly polarized light, and ep = ±1 represent circularly
polarized light. The maximum of polarization correlation de-
notes no fluctuations at all, and ρ= 0 indicates a totally random
polarization state.

Modes on two orthogonal polarization axes are commonly
considered as perfectly non-interacting modes, and there are
almost no power coupling between two copropagating modes
due to large group velocity mismatch which would prevent the
energy transfer between both eigen-polarization modes when
the pump peak power is low (such as P0 = 2 kW) [41], [49]. We
mainly discuss the influence of fiber length and pulse width on
the output spectrum.

III. NUMERICAL RESULTS AND DISCUSSION

In the numerical simulation, the following parameters were
used throughout this paper: a) the LC-PCF core-diameter 2R
= 1.3 μm (at the pump wavelength of λ0 = 1.55 μm; b)
nonlinear refractive index n2 = 2.7 × 10−18 m2W−1 [50]; c)
the hyperbolic secant pulse with duration TFWHM = 2ln(1 +√
2)T0 ≈ 1.763T0 (full width half maximum intensity); d) the

pump power P0 = 2 kW; e) the spectral bandwidth is determined
−30 dB bandwidth; f) the fundamental mode birefringence B =
7.43×10−3; g) the pulse polarization is aligned at angle θ=0° to
the slow axis (X-axis); h) we choose the dispersion coefficients
up to the order of ten; g) the loss along the fiber length is no more
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Fig. 6. Spectrum in log scale, ellipticity and coherence evolution with respect to pump pulse width along (a), (c), (e) slow axis (x-axis) and (b), (d), (f) fast axis
(y-axis) of the proposed PM LC-PCF. The lattice pitch is Λ = 1.3 μm and the large (small) air hole fraction is d1/Λ = 0.9 (d2/Λ = 0.4). The input peak power of
P0 = 2 kW has been launched at the fiber length of L = 7 cm. Fig. 6 was calculated by using (1-5).

Fig. 7. Calculated XFROG trace with the structure of two orthogonal principal axis correlated with the intensity and spectrum showing evolution with propagation
distance along (a) slow x-axis and (b) fast y-axis of the proposed PM-LCPCF. The input pulse of T0 = 200 fs has been launched at the peak power of 2 kW for
the length of L = 7 cm. Fig. 7 was calculated by using Ref. [46].

than 1 dB can be ignored; these can be considered as selection
criteria of pump parameters or fiber parameter.

A. Influence of Fiber Length on Spectral width, Polarization
of SC

Firstly, we study the influence of fiber length on the spectral
profiles, ellipticity evolution when a pump pulse with center
wavelength λ0 = 1.55 μm, width T0 = 100 fs, and peak power
P0 = 2 kW is launched into the slow (X-) axis (θ = 0°) and
fast (Y-) axis (θ = 90°). Fig. 5(a) and (b) illustrate the SC
broadening along the slow and fast axes for various lengths
of the PM-LCPCF. In addition, as fiber length increases L
from 0 cm to 11 cm, the bandwidth increases for X and Y
polarized modes, respectively. The optical spectrum broadening
is slightly when the fiber length is L> 7 cm in the X- and
Y-polarized modes (Fig. 5(a) and (b)). The spectral broadening
is dominated by self-phase modulation (SPM), and then the
combination of GVD and self-phase modulation (SPM) make

a strong-intensity pulse broaden. Those may result in optical
wave breaking (OWB) induced by four wave mixing (FWM)
when the pump was launched at slow (X)- or fast (Y)-axis in
all-normal dispersion region. Due to quite short 100 fs pulse and
short fiber length, the slow effect of simulated Raman scattering
(SRS) does not occur in the presented case of SCG in the normal
dispersion regime. The spectrum (-30 dB bandwidth) over the
entire length is linear polarized light for ellipticity almost equal
zero except for the region around the pump wavelength where
the ellipticity is somewhat chaotic due to the presence of the
undesired orthogonal pulse (Fig. 5(c)) for X polarized axes. For
Y polarized mode the complicated wavelength dependence of the
SC polarization state extends from both sides to the pump center
wavelength when the fiber length is L>9 cm (Fig. 5(d)). And the
polarization states show more sever changes around the pump
wavelength for Y-polarized mode than X-polarized mode. The
dramatic fashion results from the dominate SPM interaction with
lower GVD (about 15 ps·nm−1km−1) for Y-polarized mode. So
the fiber length be selected by L< 9cm, and the optimum value
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is L = 7 cm, at this point the bandwidth are broadened from
1355 nm to 2143 nm and from 1326 nm to 2116 nm for X and Y
polarized axes, respectively.

B. Influence of Pulse Width on bandwidth, Polarization and
Coherence of SC

Fig. 6 shows the influence of the pulse width on the SC
bandwidth, polarization fluctuations and coherence with the
input pump power of P0 = 2 kW. The bandwidth (−30 dB)
increases as pulse duration increases and starts to decrease after
reaching a maximum value at a width of about T0 = 0.3 ps and
0.24 ps for X and Y polarized axes, respectively, as the pulse
duration increases from 0.05 ps to 0.6 ps (Fig. 6(a) and (b)). This
is because the contribution of Raman response increases as the
pulse duration increases. The pump pulse with large T0 and small
bandwidth will limit the process of spectral broadening in nor-
mal dispersion region. The spectrum expands from 1218−nm-
1963 nm band to 1297 nm-2328 nm band and from 1179 nm-
1943 nm band to 1808 nm-2241 nm band at pump wavelength of
λ0 = 1.55μm when the pulse width varies from 0.05 ps to 0.6 ps,
for X and Y polarized axes respectively. The spectrum (−30 dB
bandwidth) over the entire pulse width (0.05 ps–0.6 ps) is about
linear polarized light for the ellipticity being equal to zero except
for the short wavelength region below 1.2 μm in the X polarized
axes (Fig. 6(c) and (d)). The main reason is that the stimulated
Raman scattering (SRS) was amplified as the pulse duration
increase. But the severly chaotic ellipticity extends outwards
from the region around the pump wavelength as the pulse width
is T0>0.2 ps in the Y polarized axes (Fig. 6(d)). This is because
the smaller absolute dispersion peak value cause more severe
splitting of spectrum. As was mentioned above, the absolute
value of group velocity dispersion (GVD) of the proposed fiber
are all-normal with 42 ps·nm−1·km−1 and a peak of proximately
14 ps·nm−1·km−1 at pump wavelength of λ = 1.55 μm in X and
Y polarized axes, respectively. Therefore, the violent variation
of polarization state results from the combination of the smaller
group velocity dispersion (GVD) value, self-phase modulation
(SPM) and stimulated Raman scattering (SRS) when the pulse
width rises from 0.05 ps to 0.6 ps. The coherence is perfect
because the polarization correlation degree is close to 1 (Fig. 6(e)
and (f)). It indicates that Raman effect is insufficient to cause
the amplification of quantum noise when the pulse duration is
T0≤0.60 ps. Under comprehensive considering the wider and
smoother SC spectra for two polarized axes, the pulse duration
can be selected by T0≤0.2 ps. The optimum value of pulse
duration is T0 = 0.2 ps.

The shorter input pulse can help us obtain the smooth spec-
trum. So we selected the pulse duration of T0 = 200 fs.
Fig. 7 shows the numerically calculated the cross-correlation
frequency-resolved optical gating(XFROG)trace, spectrum, and
temporal waveform for the SC pulse of the two polarization
axes at the propagation distance of L = 7 cm when the injected
peak power is P0 = 2.0 kW. The bandwidth are about 0.78
octave (1328 nm-2287 nm) and 0.81 octave (1281 nm-2245 nm)
for X and Y polarized axes, respectively. Because the pump
wavelength approaches to the maximum point of dispersion

curve of X-axis, the spectral broadens more towards the long
wavelength region in X-axis than in Y-axis (Fig. 7(a) and (b)).
At such pump power (P0 = 2 kW), the spectral broadening
was primarily determined by self-phase modulation (SPM) and
optical wave breaking (OWB) processes in normal dispersion
region, then the spectrum was further broadened by the four-
wave mixing (FWM) due to onset of OWB, thus the coherence
of the pulse is kept to unity. The length of optical wave breaking
(LWB = 1.1LD/N derived from Ref [52]) are 8.6 × 10−4 m and
1.5 × 10−3 m. The oscillation of the spectrum near the pump
wavelength in Fig. 7(a) is slighter than that in Fig. 7(b). The
main reason is that large GVD corresponding to short light wave
splitting length can reduce the depletion of the mid-section of
the spectrum and be beneficial for smooth spectrum.

IV. CONCLUSION

We have numerically investigated the SC generation in core
infiltration with CS2 polarization maintaining photonic crystal
fiber (PM LC-PCF). The proposed LC-PCF has an all-normal
dispersion profile for the two orthogonal polarized axes, its mode
birefringence reaches from 2.04×10−3 up to 1.57 × 10−2 in the
wavelength range of 1μm∼2.2μm. The polarization preserving
highly coherent spectrum of SC has broadened from 1.32 μm to
2.28 μm and from 1.28 μm to 2.24 μm for X and Y polarized
axes, respectively, when the pump power P0 = 2 kW (0.35 nJ),
the pulse duration T0 = 0.2 ps and the LC-PCF length L =
7 cm are used at λ = 1.55 μm. In addition, we investigated the
influence of pulse duration on the bandwidth, polarization state
and coherence of the output spectrum. We have discovered that
the linear polarization state of output light for X-axes is better
than that of Y-axes as the pulse duration varies from 0.05 ps
to 0.6 ps at the same pump wavelength. The proposed PM LC-
PCF can be interestingly used in many fields such as biomedical
imaging, frequency comb source, early cancer detection, food
quality control, and sensing.
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