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In view of dispersion compensating in multiple wavebands at the same time, this paper proposes a novel multi-waveband
dispersion compensating fiber (DCF) based on hybrid photonic crystal fiber (PCF). The proposed fiber can compensate
multiple wavebands at the same time. The mechanism of the multi-waveband dispersion compensation is analyzed, and the
different material-filled structure is discussed numerically. The simulation results show that the multi-waveband DCF can
compensate multiple wavelengths at the same time. By a reasonable design, this fiber can replace the multi-dispersion
compensating system composed by cascaded multiple devices, and minimize the loads of the system in an efficient way.
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The control of chromatic dispersion is important for high-
bit-rate communication system. In the recent years, photonic
crystal fiber (PCF) has been well confirmed to have extraor-
dinary specialties in controlling the chromatic dispersion[1-4].
The photonic crystal dispersion compensating fiber (DCF)
is based on a dual-core structure of an inner concentric core
and an outer ring core, which supports two supermodes, and
could lead to a large negative dispersion by coupling these
two modes[5-15]. Presently, the way for compensating the dis-
persion in optical communication system is to introduce dis-
persion compensating grating (DCG) or DCF with large nega-
tive dispersion on line. But these methods are for single propa-
gation wavelength. In the wavelength division multiplexing
(WDM) multi-wavelength system, all the working wave-
lengths need to be compensated at the same time. This makes
the broadband and multi-wavelength dispersion compensat-
ing devices more popular. The multi-wavelength dispersion
compensating methods often use wideband compensation
DCG or DCF, or numbers of DCGs in cascade[16]. But these
methods will increase the burden of the system, and intro-
duce a waste of system resource. It is a very urgent need to
use one device to compensate multiple wavelengths at the
same time.

In view of this problem, this paper proposes a novel multi-
waveband DCF based on hybrid PCF, which can compen-
sate multiple wavebands at the same time. The proposed DCF
has a hybrid lighting guide mechanism in the core region by
selectively material-filling in different air holes. The proposed
DCF can achieve a quite high negative dispersion coefficient,
which is based on coupling between the hybrid guiding mode
in the boundary of the band-gap in the core region and the
index guiding mode in the cladding defect area. More im-
portantly, the designed hybrid DCF possesses multiple band-
gaps, so the couplings can happen in multiple wavelengths.
So this hybrid DCF can get the multiple negative dispersion
windows, which can compensate multiple wavelengths at the
same time. Based on this extraordinary property, the designed
DCF shows a big advantage compared with other ordinary DCFs.

Hybrid light guiding mechanism was firstly reported and
manufactured by Cerqueira and his group[17,18]. They have
proved that the light propagating along the fiber can be seen
as index-guiding and band-gap guiding mechanisms, simul
taneously. Based on the point, many works were concerned
on hybrid PCFs[19-23]. In this paper, a hybrid structure around
the core region is designed. Light propagating in the core
region can be guided by both index-guiding mechanism and
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band-gap guiding mechanism, and because of its special struc-
ture characteristics, it can get large negative dispersion in
multiple wavebands. The schematic cross section of the de-
signed hybrid DCF is shown in Fig.1. The air holes and the
doped rods in the hybrid DCF are arranged in a hexagonal
pattern, with a pitch  of 7.5 m. The central defect core is
the positively doped region with the refractive index of
1.451 and the diameter d1 of 6 m. The other four positively
doped rods with the refractive index of 1.490 and the diameter
d2 of 3 m are distributed in x and y directions, respectively,
for different structures of A and B. The diameter of all the
other air holes is also d2=3 m, and the background index
is 1.450.

Fig.1 Schematic cross sections of the designed hybrid
DCFs

Taking structure B as example, owing to that the refrac-
tive index of the core is higher than that of the cladding along
the x direction, the propagation light confined in the core in
the same direction can be guided by total internal reflection,
which is so called index-guiding mechanism. On the other
hand, the refractive index of cladding rods along the y direc-
tion is higher than that of the doped core region. The propa-
gating light in this direction can be only guided by the photo-
nic band-gap effect. So the light confined in the core region
is guided by both index-guiding mechanism and band-gap
guiding mechanism. The guide mechanism in structure A is
the same as that in structure B, and only the index guiding
direction and band-gap guiding direction are opposite. When
the propagating wavelengths are set within the band-gaps,
the guiding mode in the core region is guided by both index-
guiding and band-gap guiding mechanisms. But near the
boundary of the band-gaps, the confinement ability of band-
gap to the guiding mode becomes weak, so the mode con-
fined in the core field can leakage gradually to the cladding
defect area of the fiber. Then the coupling between the guid-
ing mode in the boundary of the band-gap and the cladding
defect mode occurs. And then, there will be a very large nega-
tive dispersion. For the proposed DCF, the multi-waveband
structure and the special dispersion compensating mechanism
make the coupling between the hybrid core mode and the

Fig.2 Effective refractive index and band-gaps of the de-
signed hybrid DCF as a function of wavelength and the
mode field distributions

Fig.2 shows the effective refractive index and the band-
gaps of the designed hybrid DCF as a function of wavelength.
In Fig.2, the circled line results from the combined effect of
the core mode index and the cladding mode index, which
denotes the combined fundamental mode of the hybrid DCF.
At the phase matching wavelength ëp, the combined effec-
tive index shows a kink near the boundary of each band-gap.
It is because the confinement ability of band-gap to the guid-
ing mode here is weaker than that in the middle of the band-
gap, and the guiding mode in the boundary of the band-gap
suddenly moves to the cladding defect field. The distribu-
tions of the guiding modes when ë<ëp, ë=ëp and ë>ëp are also
shown in Fig.2, respectively. When ë<ëp, the mode field is
tightly confined in the core field, and it is a hybrid guiding
mode of index-guiding and band-gap guiding mechanisms.
When the wavelength is near the phase matching wavelength
ëp, the mode confined in the core field leakages gradually to
the cladding defect area of the fiber. It is because of the weak-
ening of the confinement ability of band-gap to the guiding
mode. When ë>ëp, the distribution of the mode field is mainly
in the cladding defect area. As mentioned before, coupling
between the guiding mode in the boundary of the band-gap
and the cladding defect occurs around the phase matching
wavelength ëp, so that a large negative dispersion appears.

All the numerical analyses are solved by plane wave ex-
pansion (PWE) method and the full-vector finite element
method (FEM) with anisotropic perfectly matched layers
(PMLs). The eigenvalue and the band-gap map can be calcu-
lated by PWE. With the help of the FEM with PML, the wave-
length dependence of the effective index neff and other proper-
ties of the fiber, such as the dispersion D, can be easily calculated.

          (a) Structure A                         (b) Structure B

cladding defect mode occur for several times. This extraor-
dinary property makes the proposed DCF have a big advan-
tage over other ordinary DCFs. The dispersion compensa-
tion mechanism is shown in Fig.2.
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where neff is the mode effective index, c is the velocity of light
in vacuum, and Re(·) stands for the real part of the physical
quantity.

Our previous work[25] has discussed the effects of the
geometric parameters on the properties of the DCF already.
So now the effect of the distribution of the positively doped
rods on the properties of the DCF is discussed. Due to the
variations of the two orthogonal fundamental modes are
similar, only the y-polarized fundamental mode in our simu-
lations is considered.

Fig.3 shows the mode effective index curves of the pro-
posed DCF for different structures A and B. We can see from
Fig.3 that there are two transitions for the curve around 1.08
ìm and 1.47 m for structure A, and for structure B, the tran-
sitions are shown around 1.07 m and 1.53 m. This is be-
cause the guiding mode in the edge of the band-gap trans-
ports quickly to the cladding defect area. From Fig.3 we can
see that for the band-gap guiding mode in the core region,
the mode effective index curves of the two different structures
almost coincide with each other before the coupling occurs.
This is because the band-gap maps of structures A and B are
the same, and the mode effective indices of the band-gap
guiding modes are similar. The little difference is caused by
the different distributions of the high index rods, which makes
the hybrid guiding modes in two different structures differ-
ent from each other. The change of the transition wavelength
for fundamental mode is caused by the different distributions
which affect the coupling efficiency. The coupling of the two
modes for a dual-core structure PCF is affected by the first ring
of the air holes[13]. For our case, the high index rods in the first
ring of the air holes in structure B are more than those in struc-
ture A, so the confinement ability of band-gap to the guiding
mode in structure B is stronger than that in structure A. That
is to say, during the coupling of the guiding mode in the bound-
ary of the band-gap and the cladding defect mode, the power
exchange in structure B is more than that in structure A. The
difference leads to the change of the index curve transition
and the increase of the value of the negative dispersion. The
increase of the dispersion is shown in Fig.4. For Fig.3, the
effective index curves for different structures after the tran-
sition almost coincide with each other. This is because the
dominant guiding mode in the fiber is the index-guiding mode
after the coupling occurs. The cladding structures for A and
B are the same with each other, so the index curves almost coin-

Fig.3 Mode effective index curves of the proposed DCF for
structures A and B

Fig.4 Chromatic dispersion versus wavelength for differ-
ent structures

cide with each other.
Fig.4 shows the chromatic dispersion curves for differ-

ent structures. It can be seen that the dispersion in structure
B is larger than that in structure A. This is because more
power is transferred from the band-gap guiding mode to the
cladding defect mode in structure B. The dispersion for struc-
ture B is -350 ps/(nm km) around 1.07 m, and -760 ps/
(nm km) around 1.53 m. The dispersion for structure A
is -210 ps/(nm km) around 1.08 m, and -435 ps/(nm
km) around 1.47 m. According to the numerical analyses
above, we should adopt structure B in design to get larger
negative dispersion. It can decrease the loss and fibers in
compensating. Then, we can implement multi-waveband dis-
persion compensation in one device by reasonable design.

For dispersion compensating in multiple wavebands at
the same time, a novel multi-waveband DCF based on hy-
brid PCF is proposed. The numerical results show that the
proposed DCF has a hybrid lighting guide mechanism in the
core region by selectively material-filling in different air
holes. And by a reasonable design, the proposed DCF can
realize the coupling of the hybrid guiding mode in the bound-
ary of the band-gaps to get large negative dispersion in mul-
tiple wavebands. This outstanding property can be useful in

The chromatic dispersion can be directly calculated when
the mode effective index neff  as a function of the wavelength

 is determined, and the chromatic dispersion D of the DCF
can be obtained from[24]
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