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Dispersion Properties of Photonic Crystal Fiber with Composite
Hexagonal Air Hole Lattice

Guo Lixia Wu Yanrong Xue Wenrui Zhou Guosheng

(College of Physics and Electronics Engineering, Shanxi University, Taiyuan 030006)

Abstract: A new photonic crystal fiber (PCF) with composite hexagonal air hole lattice is proposed and analyzed
using the full-vector finite difference frequency domain (FDFD) method with anisotropic perfect match layer (APML)
absorbing boundaries. We numerically demonstrate that the flattened dispersion of different levels, even the nearly
zero ultra-flattened dispersion characteristics can be achieved through optimizing three geometrical parameters, two
for air-hole diameters and one for hole pitch. As an example, the dispersion is 02=0.545 ps/(km * nm) from 1.48 pm
to 1.78 ym wavelength when A, d, and d; are 2.1 gm, 0.5 gm, 0.8 um respectively. The flattened dispersion
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feature makes it suitable for the wavelength-division multiplexing communication systems and nonlinear optics.
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Fig.1 Cross section of the photonic crystal fiber with
composite hexagonal lattices, the computational
domain and the anisotropic perfect match layer
(APML), where d; and d, are the diameters of
small air holes and big air holes in the cladding of
the photonic crystal fiber (PCF) respectively, A is
the distance between adjacent air holes, and n; =
1. 45 and n,=1.0 are refractive indices of silica
and air respectively, the numbers in the figure
denote the mesh points used in the finite difference

frequency domain (FDFD) method
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Table 1 Calculated relationship of propagation constant 3
with wavelength A for HE;; mode

2 /X100 B8/X10°m™! B/X10°m™! Relative
m

FDFD Theor, value  error /%

1.0 9. 40890 9. 40905 0. 00157
1.1 8. 55084 8.55102 0.00212
1.2 7.83563 7.83624 0. 00788
1.3 7.23031 7.23083 0.00722
1.4 6.71134 6. 71206 0.01070
1.5 6. 26147 6. 26296 0.02386
1.6 5. 86774 5. 86859 0.01456
1.7 5.52025 5.52109 0.01519
1.8 5.21130 5.21173 0. 00828
1.9 4, 93482 4. 93575 0.01878
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Fig. 2 Effect of changing the diameter of small air hole d; from 0.5~0.7 pm on the chromatic dispersion behavior

with () A=2.2 pym, d,=0.7 um,(b) A=2.1 pum, d,=0.8 um,(c) A=1.95 um, d,=0.9 um
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Fig.3 Effect of the diameter of the big air hole d; and
air-hole pitch A on the dispersion behavior with d,
=0.7 pm, 0.8 pm, 0.9 pm respectively and A=
2.05 pm, 2.1 pm, 2. 15 pm respectively, for the

fixed diameter of the small air hole d1 =0.5 pm
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Fig. 4 Some of the flattened dispersion curves of different
levels we have achieved from the proposed
photonic crystal fiber (PCF), among them one
dispersion curve has the chromatic dispersion
behavior of the nearly zero wavelength-flattened
photonic crystal fiber with flattened dispersion of
02£0. 545 ps/(km ¢ nm) from 1.48 ym to 1. 78 um
with A=2.1 pm, dy=0.5 pm, d,=0.8 pm
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Fig. 5 Example of the chromatic dispersion behavior of the nearly zero wavelength-flattened PCF (a) effective mode areas (b)

the field distribution of the fundamental mode at the wavelength of A=1. 55 ym
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