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Photonic crystal fiber (PCF) has attracted great re-
search attentions because of its unique optical proper-
ties and flexible designs since it was firstly fabricated in 
1996[1]. It is also being considered to have the potential 
to be a pre-eminent method for information transmis-
sion in wavelength-division multiplexing (WDM) system. 
However, with the requirement of large information ca-
pacity and long transmission distance in WDM system, 
the problem of nonlinear effects and dispersion became 
an obstacle to the PCFs’ wide application. A possible 
solution to this issue is to design large mode area and 
nearly zero dispersion flattened PCFs. Over the last de-
cade, various techniques such as using different air-holes 
diameters for different rings[2–4], replacing circle air-holes 
by elliptical air-holes[5,6], doping GeO2 in the central part 
of the silica core[7,8], and filling the air-holes with in-
dex matching liquids[9] have been employed to flatten 
the dispersion curves of PCFs. But their corresponding 
effective mode areas are not considered. In 2006, a PCF 
with both large mode area and flattened dispersion was 
obtained by using an artificially defected air-hole ring in 
the cladding and also assembling additional defected air-
holes in the central core region of the fiber[10]. Recently, 
through insertion of a square configuration defect in the 
core of a HF7 PCF[11], a first fully systematic procedure 
to design a large mode area, dispersion flattened single-
mode PCF was presented[12]. However, in these types of 
PCFs, multiple design parameters are adopted, which 
would not only raise the complexity of the fibers’ design 
but also increase the difficulty of the fibers’ fabrication. 
Therefore, a simple design scheme to realize PCFs with 
both large mode area and ultra-flattened dispersion 
would have great significance.

In this letter, we presented a PCF with both large 
effective mode area and nearly zero flattened dispersion 

by only diminishing the innermost air-holes-ring’s pitch. 
Numerical results show that, in an optimized PCF, 
both a flattened chromatic dispersion of 0.2 ± 1 ps/
(km·nm) within a wavelength range from 1.23 to 1.65 
μm and an effective mode area more than 100 μm2 at 
1.55 μm wavelength can be achieved.

Our design is based on a previous investigated PCF[12], 
which obtained a large effective mode area while main-
tained a flattened dispersion by precisely adjusting the 
diameter and position of the defect air-holes in a HF7 
PCF. In our design, we expect that by only diminishing 
the pitch of innermost air-holes-ring in a HF1 PCF[11], 
a similar performance would be obtained with a rela-
tive simpler structure. Figure 1 shows the schematic 
cross-section of the proposed PCF. It is composed of 
circular air-holes arranged in a hexagonal lattice in the 
background of pure silica. The silica core is formed by 
removal of a single air-hole in the fiber centre and the 
number of the air-hole-rings is assumed to be 11, which 
is also well known as HF1 PCF. The diameter of air-
holes d is assumed to be 0.8 μm, and the lattice con-
stant Λ is with 2.5 μm. Here, considering the state of 
the art in the fiber fabrication, the value of Λ1 should 
not be too small. So the scope of parameter Λ1 is lim-
ited from 2.5 μm to 1.0 μm.

The chromatic dispersion D(l) of a PCF contains 
waveguide dispersion and material dispersion, which 
can be calculated from the second derivation of the real 
part of the effective mode index as[13]
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where c is the speed of light in vacuum, the effective in-
dex neff of the fundamental mode in PCF is obtained by 
solving the Maxwell equations as an eigenvalue problem 
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dispersion curve around the wavelength of commu-
nication band would be obtained. From the result 
shown in Fig. 2, the optimum dispersion curve is with  
Λ1 = 1.8 μm, and its dispersion variation is only 0.2 ± 
1 ps/(km·nm) within in a wavelength range of 1.23 ~ 
1.65 μm.

Moreover, the effective mode area variation with the 
changing of Λ1 is also given in Fig. 3. As shown in Fig. 
3(a), when Λ1 = Λ = 2.5 μm, the fundamental mode 
electric field distributions is limited to the innermost 
ring, and the effective mode area at the wavelength of 
1.55 μm is less than 20 μm2. On the other side, as 
shown in Fig. 3(b), when Λ1 is decreased to its opti-
mum with 1.8 μm, the effective mode area soars greatly 
to 102 μm2 at the same wavelength. As Λ1 decreased, 
mode field tends to distribute mainly in the space 
between the innermost and the neighborhood air-holes-
ring. Obviously, the area covered by the mode field in 
Fig. 3(b) is far larger than that in Fig. 3(a). Having un-
derstood the influence of the innermost air-holes pitch 
on the chromatic dispersion and effective mode area of 
PCF, we also can use the method to tailor the effective 
mode area and chromatic dispersion of PCF for other 
applications.

In conclusion, we investigate and analyze the influ-
ence exerted by the pitch of the innermost air-holes-ring 
on the chromatic dispersion and effective mode area in 
a PCF. According to the method mentioned above, a 
PCF both with large effective mode area beyond 100 
μm2 at 1.55 μm wavelength and ultra-flattened disper-
sion of 0.2 ± 1 ps/(km·nm) in a wavelength range of 
1.23–1.65 μm is achieved. The proposed PCF reduces 
the difficulty of fabrication compared to other design 
schemes using either multiple changing parameters 
or additional kinds of materials. The design principle 
presented here can also be applicable for square lat-
tice PCFs. Taking all these things into account, the 

with a plane-wave expansion method[14]. The effective 
area of the fundamental mode Aeff is using the following 
definition[15]:
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where Et is the transverse electric field vector and S 
denotes the whole fiber cross-section.

Fig. 2 shows the calculated chromatic dispersion curves 
as a function of the wavelength l with d = 0.8 μm and  
Λ = 2.5 μm, for a changing Λ1 within a range from 2.5 
to 1.0 μm. The black solid curve represents the chromat-
ic dispersion of the initial fiber with Λ1 = Λ = 2.5 μm.  
The blue solid curves with various geometric shapes 
show that the chromatic dispersion curves shift down 
with the decreasing of Λ1 from 2.4 μm to 2.1 μm in 
a step of 0.1 μm. The red dash-dot curves with vari-
ous geometric shapes describe the chromatic dispersion 
shift upward with a further decreasing of Λ1 from 2.0 
μm to 1.0 μm in a step of 0.2 μm.

Comparing the blue solid curves with the red dash-
dot curves, we find that a slight decrement of Λ1 from 
its initial value gains a greater impact to the variation 
of dispersion than further decrement of Λ1. The dis-
persion curve firstly shifts downward as the decrement 
of Λ1. While the dispersion curve is decreasing down-
ward, the point of the greatest decline in the dispersion 
curve is gradually moving from longer wavelength zone 
to shorter wavelength zone. However, when the decre-
ment of Λ1 is beyond a specific critic value, the disper-
sion curve turns to shift upward. While the dispersion 
curve is shifting upward, the point of the greatest de-
cline is moving from shorter wavelength zone to longer 
wavelength zone. Therefore, there must be an optimum 
Λ1 value for the proposed PCF, at which a flattened 

Fig. 1. Schematic cross section of the proposed 11 ring PCF. 
The air-holes in the silica cladding region are arranged in a 
hexagonal configuration with lattice constant Λ and air-holes 
diameter d. The air-holes pitch of the innermost ring is reduced 
to Λ1.

Fig. 2. Chromatic dispersion curves as a function of the 
wavelength l for different Λ1 values, with d = 0.8 μm and  
Λ = 2.5 μm.
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proposed PCF would have a wide application in ultra-
broadband WDM transmission system.
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Fig. 3. Fundamental mode electric field intensity distributions for PCFs with different innermost pitch sizes. (a)Λ1 = 2.5 μm,  
(b) Λ1 = 1.8 μm.


