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Abstract— A novel type of photonic crystal fiber structure with double cladding is proposed
by full vector finite element method. The influences of this structure on its dispersion and loss
are investigated with different inner cladding diameters, outer cladding diameters and air hole
pitches. The results indicate that the dispersion varies from −23 ps/(nm·km) to −10 ps/(nm·km)
in the band of 1.30 ∼ 1.8 µm, which has broadband dispersion compensation characteristics. The
loss is 7.39 × 10−6 dB/km at the wavelength of 1.55 µm, which is by far the smallest value that
has ever been reported.

1. INTRODUCTION

Photonic crystal fibers (PCFs), which is consist of a pure silica core with numerous periodically
spaced airholes in the cladding region, are also called microstructure fibers or holey fibers [1]. By
changing the diameters of the air holes and the air filling rate, the relative refractive index of
the cladding and fiber core can be flexibly controlled so as to regulate light conduction in PCFs.
According to different mechanism of light guiding, PCFs can be divided into two types, total
internal reflection photonic crystal fibers (TIR-PCFs) and photonic band gap photonic crystal
fibers (PBG-PCFs) [2]. PCFs have been widely applied in many fields because of these unique
properties, including endlessly single-mode operation [3], controllable mode areas [4], controllable
dispersion characteristic in a wide wavelength range [5], and large nonlinearity [6].

At present, researchers have already designed some new structures, such as, octagon structure,
hybrid octagon structure and square structure etc.; the structure of cladding has designed from
single cladding, double cladding or even multi-cladding; the fiber core has evolved from hollow-
core into small-core, double-core, multi-core. These structural changes have great influence on
transmission characteristics of PCFs [7–10].

This paper demonstrates a new type double-clad PCF (DC-PCF) with hexagonal air hole con-
figuration. This kind of PCF is composed of double-cladding made by different air holes, the
double-cladding structure not only makes the coupling reduced difficultly but also has a unique
dispersion characteristics. In order to investigate the influences of this structure on its dispersion
and loss, the effects of the inner cladding diameters, outer cladding diameters and air-hole pitches
on dispersion and loss are all numerically simulated.

When the cladding structure of DC-PCF is similar as the conventional PCF, the similar dis-
persion characteristics can be obtained for that the dispersion characteristics of DC-PCF is mainly
determined by the inner core and the surrounding air hole structure. And the loss can be reduced
by optimizing the out-layer structure that affects the limited loss. In the paper, the dispersion char-
acteristics of PCF is tailored by changing the diameters of inner and outer cladding air holes, and
the effective index of which is lower than that of the fiver core so that the total internal reflection
theorem is satisfied. The results indicate that values of its dispersion varies from −23 ps/(nm·km)
to −10 ps(nm·km) in the band of 1.30–1.8µm, which has broadband dispersion compensation char-
acteristics. By changing these structure parameters carefully, the loss can reach 7.39 · 10−6 dB/km
at the wavelength of 1.55µm, which is the smallest value that has ever been reported. The results of
this DC-PCF provide a reference for designing some devices based on PCF with dispersion compen-
sation, and also provides a theoretical basis for practical applications for the low loss characteristics
which can increase the transmission efficiency of PCF.

2. THEORY AND METHOD

The cross section of the novel DC-PCF is shown in Fig. 1. The fiber core is consist of one deletion
air hole, the cladding is consist of four layer air holes, the first and the second layer constitute the
inner cladding, outer cladding is consist of the third and fourth layers, and the angle between the
inner cladding and the outer cladding is 30◦. Λ1, Λ2 and Λ3 denote the pitch of the first layer
and the second layer, the pitch of the second layer and the third layer, the pitch of the third layer
and the fourth layer, respectively. d1 and d2 denote the diameters of the inner cladding and outer
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Figure 1: Cross section of DC-PCF.

cladding respectively. The background material is fused silica, whose refractive index n1 is 1.44,
and the refractive index of air hole n0 is 1.

In this paper, we use full-vector finite element method (FEM) to compute the effective refractive
index neff of fundamental mode and the confinement loss α. And according to the relationship of the
effective refractive index neff and the dispersion, the dispersion and the loss can both be analyzed
at wavelength of 1.30 ∼ 1.80µm. The total dispersion of PCF can be described as [11]:

D(λ) = −λ
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where λ represents wavelength, c is the speed of light in vacuum, neff (λ) represents the effective
refractive index of fundamental mode, and Dm(λ) represents the material dispersion.

P0 is the incident power, transmission power can be described as

pT = p0 exp (−αL) (2)

where α is attenuation coefficient and known as fiber loss, L is the length of the fiber.
The loss of PCF represents the power attenuation of the light signal when it transmits in the

fiber. The attenuation is different with different wavelength in the same fiber, and the continuous
loss measurement of different wavelength is called loss spectrum measurement. In practice, the loss
can be represented by the expression of attenuation coefficient
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3. NUMERICAL ANALYSIS

In the novel DC-PCF structure, the firs layer of air hole plays a major role on the transmission
characteristics of the PCF because the mode optical field is mainly distributed near the fiber core,
the influences of inner cladding diameter d1, outer cladding diameter d2 and the pitches of air
holes (Λ1, Λ2, Λ3) on the dispersion and the loss are analyzed by hexagonal air hole tailoring.
The dispersion characteristics of the PCF are mainly depends on the fiber core and surrounding
air holes, but outer cladding have a significant impact on confinement loss, thus the loss can be
reduced by optimizing the outer cladding structure. Besides, according to total internal reflection,
the periodic structure of the cladding has little influences on light-guiding characteristics of PCF
with high index core.

It can be seen from Fig. 2(a) that the dispersion varies from −20 to 40 ps/(nm·km), which
means that the diameter of inner cladding d1 is an important factors that affect the dispersion.
From Fig. 2(b), we can see that the confinement loss increase with increasing d1 at the wavelength
range 1.30 ∼ 1.80µm, the changes of confinement loss are small with increasing d1 and λ at the
wavelength of 1.30 ∼ 1.55µm. However, the changes of confinement loss increase significantly
at the wavelength of 1.55 ∼ 1.80µm. When d1 = 0.5µm and λ = 1.55µm, the dispersion is
−15 ps/(nm·km) and the confinement α = 7.39 × 10−6 dB/km. In conclusion, the influences of
the diameter of inner cladding d1 on confinement loss are different in different wavelength range.
Compared to traditional PCF, the confinement of DC-PCF is much smaller.
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Figure 2: (a) The dispersion and (b) the loss with different d1.

(a) (b)

Figure 3: (a) The dispersion and (b) the loss with different d2.

(a) (b)

Figure 4: (a) The dispersion and (b) the loss spectrum with different Λ1.

In Fig. 3(a), the parameters d1, Λ1, Λ2, and Λ3 are given to 0.5µm, 1.5µm, 1.75µm, 2µm,
respectively. And the dispersion first decreases and then increases as wavelength increases when d2
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is 1.4µm and 1.6µm at the wavelength of 1.30–1.80µm, but the dispersion increases as wavelength
increases when d2 is 1.5µm. In this context, the diameter d2 of outer cladding air hole has a
significant influence to dispersion. As can be seen from Fig. 3(b), confinement loss reduces gradually
as d2 increases, and confinement loss increases gradually as d2 increases.

In Fig. 4(a), the parameters d1, d2, Λ2, and Λ3 are given to 0.5µm, 1.5µm, 1.75µm, 2µm,
respectively, the dispersion increases by increasing Λ1 and λ at the wavelength of 1.30 ∼ 1.80µm,
and zero dispersion point shifts toward the shorter wavelength. As shown in Fig. 4(b), confinement
loss decreases with the increase of Λ1 and reaches to zero at last. And the loss increases gradually as
the wavelength increases. In conclusion, Λ1 has a significant influence to dispersion and confinement
loss.

In Fig. 5(a) and Fig. 5(b), the parameters d1, d2, Λ1, and Λ3 are given to 0.5µm, 1.5µm,
1.5µm, 2µm, respectively. As can be seen from Fig. 5(a), both the dispersion becomes larger
with decreasing Λ2 and increasing λ at the wavelength of 1.30 ∼ 1.80µm. The confinement loss
increases with increasing Λ2 at the wavelength of 1.30 ∼ 1.80µm. But the confinement loss increases
faster as the wavelength increases, and the confinement loss keeps almost flat at the wavelength of
1.30 ∼ 1.55µm. Results show that Λ2 has a significant influence to dispersion and confinement loss
at the wavelength of 1.30 ∼ 1.80µm. But the influence of Λ2 on confinement loss is smaller than
d1.

In Fig. 6(a) and Fig. 6(b), the parameters d1, d2, Λ1, and Λ2 are given to 0.5µm, 1.5µm, 1.5µm,
1.75µm, respectively. As can be seen from Fig. 6(a), the dispersion increases as the wavelength

(a) (b)

Figure 5: (a) The dispersion and (b) the loss spectrum with different Λ2.

(a) (b)

Figure 6: (a) The dispersion and (b) the loss spectrum with different Λ3.
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increases at the wavelength of 1.30 ∼ 1.80µm. And dispersion curves overlap each other when
Λ3 = 1.9µm and Λ3 = 2.1µm, which means that the values of dispersion are the same in both
cases. As can be seen from Fig. 6(b), the confinement loss increases with both increasing Λ3 and
increasing λ at the wavelength of 1.30 ∼ 1.80µm. It follows that Λ3 has little influence to dispersion
and confinement loss at the wavelength of 1.30 ∼ 1.80µm.

4. CONCLUSION

In this paper, we simulate and analyze the double cladding photonic crystal fiber by full-vector
finite element method. Results show that PCF not only compensates broadband dispersion, but
also attains low loss by reasonable tailoring the diameters and the pitches of air holes. The numerical
results show that the PCF present broadband dispersion characteristics at the wavelength of 1.30–
1.80µm, and the confinement loss can reach 7.39 × 10−6 dB/km at wavelength of 1.55µm. This
structure of PCF provide references on design and application of dispersion compensation fiber,
the low loss characteristic of this structure can improve the transmission efficiency of PCF, These
results provided theoretical basis for application.
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