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Abstract— A wavelength-tunable and strongly dispersion-compensating photonic crystal fiber
based on a hybrid structure of dual-concentric-core photonic crystal fiber (DCC-PCF) structure
and depressed-clad photonic crystal fiber (DeC-PCF) is proposed. To enhance the dispersion
compensation effect, we used a hybrid structure of DCC-PCF and DeC-PCF as a basic structure.
In the central core of the hybrid fiber, different kinds of liquid with various refractive indices are
filled into the air hole with appropriate diameter. The numeric results show that the operation
wavelength is determined by the refractive index of the liquid.

1. INTRODUCTION

Chromatic dispersion in transmission fibers induces temporal optical pulse broadening, resulting in
serious restrictions in transmission data rates in optical fiber communication systems. Currently,
dispersion-compensating fibers (DCFs) are extensively used to minimize the negative effects of chro-
matic dispersion. The absolute dispersion value of conventional MCVD DCFs was approximately
−250 ps/km-nm [1]. J. L. Auguste et al. reported another design of DCF based on a dual-concentric
core fiber (DCCF) structure with a high dispersion coefficient of −1800 ps/km-nm [2]. Additional
dispersion-compensation research involved altering the air hole size of a specific layer of photonic
crystal fiber (PCF) to design dual-concentric core PCFs (DCC-PCFs) [3–7]. We had proposed a
liquid-filled hybrid structure of DCC-PCF and depressed clad photonic crystal fiber (DeC-PCF)
with an ultra-large dispersion coefficient of−40400 ps/km-nm at a wavelength of around 1.55µm [7].
The design of this hybrid structure can avoid the restriction of “mutual involvement” between two
supermodes, significantly increasing the index slope difference between two supermodes and thereby
enlarging the dispersion coefficient.

In this study, we present a wavelength-tunable dispersion-compensating photonic crystal fiber
(WT-DCPCF) with large dispersion coefficient based on a hybrid structure of DCC-PCF and DeC-
PCF due to an ultra-large dispersion coefficient of this structure as mentioned above. Furthermore,
to achieve a wavelength-tunable capability, different kinds of liquid with various refractive indices
were selected to fill into the air hole with appropriate diameter in the central core of the hybrid
fiber. Ultimately, the numeric results indicated that the proposed WT-DCPCF with chromatic
dispersion coefficients of −32352 ps/km-nm to −41575 ps/km-nm at a wavelength range between
1472 nm to 1617 nm.

In general, a single-wavelength dispersion compensation photonic crystal fiber (DC-PCF) has
a value of dispersion coefficient considerably larger than that of a broadband DC-PCF [8–11];
however it is just suitable for using at a fixed wavelength. In addition to with a high dispersion
coefficient close to a single-wavelength DCC-PCF, the proposed WT-DCPCF is even more having
an advantage of flexible wavelength-variation fabrication.
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Figure 1: Cross-sectional view of the proposed WT-DCPCF.
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2. SIMULATION MODEL AND PRINCIPLES

The Cross-sectional view of the proposed WT-DCPCF structure is shown in Figure 1. The cladding
of the proposed WT-DCPCF consists of a triangular lattice of air holes with a diameter of dcl =
1.40µm and a pitch (center-to-center distance between the holes) of Λ = 2.50µm in a background
of undoped silica, whose refractive index can be estimated using the Sellmeier equation [12]:

n(λ) =
[
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where λ represents the operating wavelength.
To enhance the dispersion compensation effect, a hybrid structure of DCC-PCF and DeC-PCF

was used [7], that is to say, we enlarged the size of holes at first layer (d1 = 2.00µm). The outer
ring core with smaller-diameter air holes (d4 = 0.68µm), which is designed to locate at fourth
layer of the WT-DCPCF, separates the cladding region into inner and outer cladding. The mode-
couple between inner and outer modes then results in a negative dispersion of the fiber at the
phase-matching wavelength. In the inner core, different kinds of the Cargiller optical liquid with
various refractive indices (nco), which is colored in orange in the figure, are filled into the central
air hole with appropriate diameter of dco = 1.00µm. The refractive index of nco(λ) is defined by
the Cauchy equation as

nco(λ) = A +
B

λ2
+

C

λ4
. (2)

Here, the Cauchy coefficients A, B and C, which are provided by Cargille Laboratories, are different
for various liquids. The numeric results show that the operation wavelength is determined by the
refractive index of the liquid.

The chromatic dispersion coefficient D is used to quantify the amount of chromatic dispersion.
D(λ) is defined as

D(λ) =
−λ

c

d2neff

dλ2
, (3)

where c is the speed of light in a vacuum, and neff is the effective indices of the fundamental guided
modes on a fiber at various wavelengths.

In this work, the effective refractive index (neff ) of the fundamental mode is first estimated
using the plane-wave expansion (PWE) method. The dispersion coefficient D(λ) is then evaluated
by substituting neff into Equation (3).

3. NUMERICAL RESULTS AND DISCUSSIONS

Figure 2 indicates the dependence of the chromatic dispersion coefficients on wavelength for various
indices of the liquids filled in the central hole. Here the denoted refractive index nD values of the

Figure 2: Dependence of the chromatic dispersion
on wavelength for various indices of the liquids.

Figure 3: Relationship between the nD of the filled
liquid and the minimum-dispersion wavelength for
the proposed WT-DCPCF.
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used Cargille optical liquid are measured at 25◦C, Sodium D Line (λ = 589.3 nm). As shown in the
figure, the refractive index of the liquid determines the operation wavelength. The numeric results
indicate that the proposed WT-DCPCF with chromatic dispersion coefficients of −32352 ps/km-nm
to −41575 ps/km-nm at a wavelength range between 1472 nm to 1617 nm.

To realize what the filled liquid is needed for a specific operating wavelength in an optical
communication system, Figure 3 indicates the relationship between the wavelengths of the minimum
dispersions shown in Figure 2 and the nD of the filled Cargille optical liquid. The precise values
of the minimum-dispersion wavelengths and the nD’s are denoted in the figure. As shown in the
figure, the relation curve of these two parameters is quite linear. Therefore, by using interpolation
or extrapolation in Figure 3, it is helpful for designing a WT-DCPCF with an operating wavelength
excluded from the numerical results of this work.

4. CONCLUSIONS

This study proposes a wavelength-tunable dispersion compensating photonic crystal fiber (WT-
DCPCF) with an ultra-large negative dispersion coefficient. The operating wavelength is deter-
mined by the refractive index of the Cargille optical liquid filled in the central hole of the core.
The numeric results show that the proposed WT-DCPCF with chromatic dispersion coefficients of
−32352 ps/km-nm to −41575 ps/km-nm at a wavelength range between 1472 nm to 1617 nm while
filled liquids with nD’s of 1.502 to 1.516. The wavelength range covers the whole C band and
great parts of L and S bands. Furthermore, the relationship between the nD of the filled liquid
and the operating wavelength is quite linear. Therefore, it can be predicted that the tunable range
of wavelengths can be more widely extended by filling liquid with an nD beyond the investigated
range of 1.502 to 1.516.
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