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Abstract. In this paper, we compare solid-core silica photonic crystal fibers (PCFs)
infiltrated with water and ethanol. We examine the dispersion curves and values as well as
the zero-dispersion wavelengths (ZDWs) of the PCFs which have a hexagonal cladding.
Our results suggest that the PCFs can be optimized for supercontinuum generation (SG)
applications.

Keywords: Photonic crystal fibers, dispersion, nonlinear optics, supercontinuum
generation.

I. INTRODUCTION

Photonic crystal fibers (PCFs), also known as microstructured optical fibers (MOFs),
are new generation of optical waveguides that were discovered by J. C. Knight and his
colleagues in 1996 [1]. In a solid-core PCF, the central silica core is surrounded by a periodic
array of air holes along the distance of optical propagation. When light passes through the
PCF, the presence of air holes in the cladding region eventually reduces the effective
refractive index compared when light passes through the core silica that has total internal
reflection [2].

Some of the important aspects of PCFs include effective refractive index, effective
mode area, dispersion, and loss [3]. Investigations on these characteristic quantities lead to
the development of PCFs’ fiber optic technology applications [4]. These quantities can be
controlled by the PCF structure such as the substrate material, lattice shape, air hole shape
and diameter, air hole distance (lattice constant), and liquid or gas infiltration [5-7]. In
addition, the optical waveguiding mechanisms are completely different when the PCF core
is solid or hollow [8]. Among the important aspects of PCFs, dispersion attracts much
attention from scientists because it dominates many applications in fiber optic technology.
Some of these applications are the development of solid-state photonic crystal fibers for
nonlinear optics [9], supercontinuum generation [10], fast dynamic compensation [11].

In this paper, we used the Lumerical Mode Solutions software [12] to design a solid-
core silica PCF infiltrated with water and ethanol for supercontinuum generation (SG)
applications. We choose water and ethanol because these are common, non-toxic liquids.
We compare their dispersion curves and zero-dispersion wavelengths and have found that
the structure of the PCFs with these liquids can be optimized for their desired fiber optic
technology applications.
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Il. MODELING AND THEORY

Fig. 1 shows the schematic illustration of the solid-core silica PCF infiltrated with
water and ethanol. The PCF has 8 rings of concentric air holes which are arranged in a
hexagonal lattice. The air hole diameters (d) is varied from 1 to 4 um with 0.5 um intervals,
and the lattice constant (A) is set as 5 um.

Silica

Liquids -DldL- -»IAL-
Fig. 1. Schematic illustration of the solid-core silica PCF infiltrated with water and ethanol

For our calculations using the Lumerical Mode Solutions software [12], we used the
refractive indices of the PCF components. Fig. 2 shows the real parts of refractive indices of
silica [13], water [14], and ethanol [14] from 0.5 to 2.0 pm.

1.5 , : : :
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Fig. 2. Real parts of the refractive indices of silica[13], water, ethanol [14] from 0.5t0 2.0 um

I11. RESULTS AND DISCUSSION

Fig. 3 shows the calculated dispersion curves of the solid-core silica PCFs infiltrated
with water and ethanol for different air hole diameters. The lattice constant of the two PCFs
are the same (A =5 pum), and their air hole diameters (d) range from 1.0 to 4.0 pum.

For both water and ethanol infiltration, the behavior of the dispersion curves of the
solid-core silica PCFs is similar. From 0.5 to 0.9 um, the dispersion curves are very steep,
and their slopes are very large. On the other hand, from 0.9 to 1.6 um, the dispersion curves
are almost flat and their slopes are close to zero. The dispersion also increases with
increasing air hole diameter. In all cases, the flattest dispersion curve, which indicates near-
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zero dispersion, occurs when the air hole diameter is 1.0 um. This result is similar to those
observed in Refs. [15-17] and suggest that such PCFs are suitable for SG [18].

4 d=1ym

5um 1 # 3 d=15um
] / & d=2ym

Sum | & § d=25um
g §

) I
Sum 1 0804 | : g | |- d=35um
d=4ym
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Fig. 3. Dispersion curves of solid-core silica PCFs infiltrated with water (left) and ethanol (right)
for different air hole diameters

We then compare the effect of water and ethanol on the dispersion of the solid-core
silica PCFs. It can be seen in Fig. 1 that the dispersion of the PCF infiltrated with water is
higher than that of the PCF infiltrated with ethanol. This observation is always true for
different wavelengths and air hole diameters. Table 1 shows the dispersions of both PCFs at
1.55 pum (near-infrared, NIR). When the air hole diameter is 1.0 um, the dispersions of the
PCFs infiltrated with ethanol and water are 22.2 and 26.0 (ps/nm/km), respectively. The
difference between these dispersions is the lowest and is equal to 3.8 (ps/nm/km). In contrast,
when the air hole diameter is 4.0 um, the dispersions of the PCFs infiltrated with ethanol
and water are 43.7 and 53.7 (ps/nm/km), respectively. The difference between these
dispersions is the highest and is equal to 10 (ps/nm/km).

Table 1. Dispersion at 1.55 um of solid-core silica PCFs infiltrated with water and
ethanol for different air hole diameters

Air hole Dispersion, D [ps.(nm.km)™]

diameter, d
(M) Water Ethanol
1.0 26.0 22.2
15 317 22.8
2.0 38.2 30.0
2.5 42.7 35.2
3.0 46.4 38.8
3.5 49.9 41.4
4.0 53.7 43.7

Since the solid-core silica PCFs infiltrated with water and ethanol exhibit zero-
dispersion wavelengths (ZDWs), Table 2 shows these values which are all within the NIR
region. For the same air hole diameter, the PCF infiltrated with ethanol has a longer ZDW
than the PCF infiltrated with water. When the air hole diameter is 1.0 um, the longest ZDWs
of the PCFs infiltrated with ethanol and water are 1.235 and 1.212 um, respectively. The
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difference between the ZDWSs between the two liquids is high with 23 nm. On the other
hand, when the air hole diameter is 4.0 um, the longest ZDWs of the PCFs infiltrated with
ethanol and water are 1.066 and 1.075 um, respectively. The difference between the ZDWs
between the two liquids is lower and is equal to 9 nm.

Table 2. Zero-dispersion wavelengths (ZDWs) of solid-core silica PCFs infiltrated
with water and ethanol for different air hole diameters

Zero-dispersion wavelength, ZDW (um)

Air hole diameter,

d (um) Water Ethanol
1.0 1.212 1.235
15 1.155 1.196
2.0 1.127 1.136
2.5 1.108 1.127
3.0 1.092 1.096
3.5 1.123 1.073
4.0 1.075 1.066

For these results, the optimum dispersion for solid-core silica PCFs infiltrated water
and ethanol can be achieved when the air hole diameter is 1.0 pum. Interestingly, our results
are better than those reported in Ref. [19].

IV. CONCLUSION

We have compared the dispersion of solid-core silica PCFs infiltrated with water and
ethanol. We have shown that the PCF infiltrated with ethanol with an air hole diameter of
1.0 pum can exhibit optimum dispersion. Our results are very important in fiber optic
technology development, particularly for SG applications.
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