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A Kind of Double-Cladding Photonic Crystal Fiber with High Birefringence and
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A kind of double-cladding photonic crystal fiber (DC-PCF) with high birefringence and two zero-dispersion
wavelengths is proposed. It is found that the birefringence of DC-PCF with inner cladding air holes pitch 1.0 um
and diameter 0.8 um is 1.001 x 10™2 in the optical communication band at wavelength 1.55 um by the multipole
method. It is demonstrated that two zero dispersion wavelengths can be achieved in the optical communication
band between 0.8 um and 1.7 um, and the first zero-dispersion wavelength is in the working wave band of the
Ti:sapphire oscillator, which contributes to the frequency conversion of the Ti:sapphire femtosecond laser. PCF
with two zero-dispersion wavelengths can make strong power supercontinuum spectral in the near infrared band.

PACS: 42.81. —i, 42. 81. Gs, 43. 35. Ae

Photonic crystal fibers (PCFs) have attracted sig-
nificant interest in the past few years duo to their
unique characteristics.[!! In traditional symmetrical
PCFs, the fundamental mode is composed of two de-
generacy orthogonal polarized modes. Because the ef-
fective indices of the two modes are very close, the
optical field easily couples from one mode to another.
To increase the effective index difference and to reduce
the polarization coupling of the two modes, the fiber
structure must be changed. This kind of fiber is called
the birefringent PCF.[?]

In recent years, polarization maintaining fiber
of good quality can be beneficial in polarization
maintaining devices, high-speed optical communica-
tion systems, supercontinuum generation and opti-
cal transducer applications.l®) With the rapid devel-
opment of high-speed optical communication, higher
quality polarization maintaining fibers are required.
Otherwise, the birefringence of traditional polariza-
tion maintaining fibers can only be achieved up to
5 x 1072, which can not contend with the require-
ment of our rapid development. The polarization
maintaining fiber of birefringence 3.7 x 10~3 was ob-
tained by Blanch et all% through setting abnormity
air holes in 2000. In 2003, the birefringence of
PCFs made by Birks et all” can be achieved up to
2.58 x 1073, In recent years, many studies!22-8-12]
reported high birefringence, but the birefringence can
be achieved up to the level of 1073 at optical commu-
nication band wavelength 1.55 um generally.

Recently published papers such as Kudlinski et
al.™¥land Cumberland et al.'* have shown that PCFs

DOI: 10.1088/0256-307X/27,/1/014208

with two zero-dispersion wavelengths (ZDW) demon-
strate stronger power spectral densities than a single
ZDW PCF. Therefore, PCFs with two ZDW can be
beneficial in supercontinuum applications.

The design of birefringent PCF was obtained by
changing the structure of the nearest air holes from
the fiber core, mostly. A kind of double cladding and
high birefringent PCF's is proposed in this Letter. The
outer air holes form an equilateral triangle structure,
while the inner air holes form a right-angle triangle
structure, the PCF has second-order rotation symme-
try. In Fig.1, the double-cladding PCF structure is
shown. The diameter of outer air holes, outer air hole
pitch, inner air hole diameter, the most inner air hole
diameter and inner air hole pitch are denoted by d,
Ay, do, d3 and As, respectively. The fiber core length
and width correspond to b and a. Moreover, the fig-
ures give the mode field distribution of HE{; and HEY,
at 1.55 um wavelength where outer air hole diameter
diy = 1.0 pm, pitch 4; = 1.5pym and inner air hole
diameter dy = d3 = 0.8 um, pitch A3 = 1.0 pm.
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Fig. 1. Two cladding PCF structures and mode field dis-
tribution of (a) HEY, and (b) HEY,.
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Table 1. ZDW points of HE{; and HE7IJ1 modes.

do — d HE7; mode HEY, mode
2 =ds (um) The first ZDW (um)  The second ZDW (um) The first ZDW (um) The second ZDW (um)
0.6 0.957 1.382 0.894 1.32
0.7 0.892 1.528 0.827 1.463
0.8 0.866 1.65 0.787 1.524

In this study, the effective mode index neg of
the PCF is obtained by employing the multipole
method.[*%16] Then the dispersion D can be obtained
by
/\d2Re(neg)

D=_22 el 1
T (1)

where ¢ is the velocity of light in vacuum, Re means
the real part. The material dispersion of the sil-
ica is taken into account via the Sellmeier equa-
tion. The confinement loss could be calculated by
a = 8.686koIm(neq) db/m, where Im means the imag-
inary part.[!7]

If effective refractive indices n%; and nY; express
the two linear polarization modes respectively, the
birefringence B can be written as

B =ngg —nyg. (2)

When inner air hole diameter dy = d3 = 0.6 um,
dy = d3 = 0.7um and dz = d3 = 0.8 um, the changes
of birefringence along with wavelength are shown in
Fig.2, in which we keep di, A7 and Ay unchanged.
It is found that the birefringence with inner air hole
diameter do = d3 = 0.8pum is 1.001 x 1072 in op-
tical communication band 1.55 um wavelength. The
birefringence 1.001 x 1072 is two orders of magnitude
higher than that of the traditional polarization main-
taining fiber, and higher than the birefringence re-
ported by Refs. [2,8,10-12].
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Fig. 2. Variation of birefringence as a function of the

wavelength for different inner air hole diameters.

Group velocity dispersion is one of the most im-
portant parameters of optical fibers, and dispersion
management for optical fibers is a great issue in al-
most all fiber based applications.['® Figure 3 shows
that the dispersion changes in HE{; and HEY, modes

along with wavelength when keeping dy, A; and A,
unchanged, where the inner air hole diameter do =
d3 = 0.6 pm, d2 = d3 = O7].LHI, dg = d3 = 0.8 pm
respectively. As can be seen from Figs. 3(a) and 3(b),
two zero dispersion wavelengths are achieved by the
proposed PCF for inner air hole diameter dy = d3 =
0.6 ym, do = ds = 0.7 pm and dy = d3 = 0.8 pm.

As shown in Table 1, the first ZDW is in the
working wave band of the Ti:sapphire oscillator (700—
980nm) for the HET, and HEY, modes, which con-
tributes to frequency conversion of Ti:sapphire fem-
tosecond laser. Moreover, two points of zero disper-
sion wavelengths are in optical communication band
between 0.8 pm and 1.7 um, which is not reported in
Refs. [2,5,8-12]. The PCF that has two ZDW has been
used previously for high power supercontinuum gener-
ation applications.[3:14:19 Also, Cumberland et al.*4
have shown that two ZDW PCFs can be used to con-
trol the long wavelength edge of the continuum when
needed for specific applications.
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Fig.3. Variation of the dispersion of (a) HE7, and (b)
HE%’1 mode as a function of the wavelength for different
inner air hole diameters.

In practice, the PCF whose air hole diameter is
less than 1 pm was reported in 2004.12°) Considering
the tolerance in the drawing process, the deviation of
birefringence and dispersion along with wavelength is
shown in Figs.4 and 5, respectively, where 5% of the
most inner air hole diameter d3 is changed while other
parameters unchanged. As can be seen in Figs.4 and
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5, the change of birefringence and dispersion is very
small.
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Fig. 4. Deviation of birefringence along with wavelength
for the different most inner air hole diameters.
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mode along with wavelength for the different most inner
air hole diameters.

Figures 6(a) and 6(b) shows the variation of con-
finement loss for the modes of HE{; and HEY, as a
function of wavelength when keeping dy, A; and Ag
unchanged, where the inner air hole diameter do =
dg = 0.6 pam, d2 = d3 =07 pm, d2 = d3 =0.8 pm re-
spectively. At the operating wavelength 1.55 pm, the
confinement loss of HE{, and HEY, is 0.046 dB/m and
0.303dB/m for dy = d3 = 0.8 um, respectively.

Fiber core length a = 11 ym and width b = 1.2 pm.
The effective area Aeq for the modes of HET; and HEY,;
along with wavelength is shown in Figs. 7(a) and 7(b),
respectively. This can be used as a reference in the
coupling process.
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Fig. 6. Confinement loss of (a) HE{, and (b) HEY, mode
as a function of the wavelength for different inner air hole
diameters.
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Fig. 7. Effective area A.g for the modes of (a) HE; and
(b) HEY, along with wavelength for different inner air hole
diameters.

In summary, we have presented a kind of double-
cladding photonic crystal fiber (DC-PCFs) with high
birefringence and two ZDWs.
achieve 1.001 x 10~2 in optical communication band
1.55 pm wavelength, which can improve the quality
of polarization maintaining fiber in a large extent.
The first ZDW is in the working wave band of the
Ti:sapphire oscillator, which contributes to frequency
conversion of Ti:sapphire femtosecond laser. Further-
more, two points of the ZDW are in the optical com-
munication band between 0.8 pym and 1.7um. The
appearance of two ZDWs in the DC-PCF is beneficial
for supercontinuum applications.

Birefringence can
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