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Abstract—This paper proposes a pure silica photonic crystal fiber 

(PCF), having its core infiltrated with olive oil, which allows achieving 

an ultra-flattened normal dispersion regime. As a result, the optimization 
processes allows us to achieve an ultra-flat normal dispersion in the 

range of over 682 nm within the wavelength range from 1446 to 2128 

nm. Besides, the nonlinear coefficient of the selected PCF structure is 
extremely high (9.54×109W-1km-1 at 1550 nm). The proposed PCF 

structure could be very helpful in investigating the supercontinuum 

generation which has many potential applications in various promising 
areas such as spectroscopy, medical diagnostics, etc. 
 

 

Supercontinuum (SC) generation in photonic crystal 

fiber (PCF) has been the topic of extensive studies over 

the past decade due to its unique novel properties and its 

important applications in numerous promising areas, for 

instance, optical communications, frequency metrology 

and optical coherence tomography [1÷4]. SC generation is 

typically achieved by launching ultrashort laser pulses 

near the zero dispersion point into a highly nonlinear 

fiber. Thus, large effective nonlinearity is essential for the 

broadband of a flat SC spectrum. The only method to 

increase the value of a nonlinear coefficient of the PCF 

with a silica core is reducing the effective core area. 

However, this causes a problem that a small effective core 

area will lead to coupling difficulty. Besides that, silica 

glass is not transparent in the mid-infrared (IR) range and 

the spectral bandwidth is also limited in the visible to 

near-IR wavelength range. Therefore, the improvement of 

SC generation sources of PCFs from a non-silica, highly 

nonlinear material becomes significant. 

As a typical solution, SC sources have been developed 

based on PCFs made of highly nonlinear glasses [5÷7]. 

These materials revolve further broadening of spectral 

coverage including mid-IR wavelengths. Because of the 

highly nonlinear refractive indices of these materials, the 

SC spectrum is expected to generate significantly shorter 

propagation scales. Also, broader and smoother SC will 

be generated with the same laser parameters. However, a 

highly nonlinear material will cause high costs and also 

lead to a complex fabrication process.  
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Another method to achieve higher values of nonlinear 

material is using hollow-core PCFs filled with liquids [8]-

[11]. Owing to the higher nonlinear refractive index of 

liquids in comparison to solids [12÷13], it is possible to 

observe interesting nonlinear phenomena, such as SC 

generation with a lower peak power than in classical solid 

fiber [9]. Furthermore, the optical absorption of a liquid 

core in the region of visible and near-IR wavelength is 

relatively low [14]. Thus, it is also expected that liquids 

core PCFs, whose lengths are about a few centimeters, 

would be employed for generating SC [9÷10]. However, 

high nonlinearity liquids are usually highly toxic, which 

severely limits their potential application and also leads 

issues related to drawing fibers based on exotic, toxic, 

carcinogenic, explosive, and expensive soft glasses, as 

well as thermal matching between core and cladding. 

In this letter, we propose and analyze for the first time 

a fused-silica PCF having its core infiltrated with olive 

oil, for an ultra-flat normal dispersion region. The guiding 

properties of fundamental mode including dispersion, 

mode area, and nonlinear coefficients are considered 

numerically. At first, we carry out optimizations of 

dispersion properties via modifying photonic parameters, 

i.e., the lattice constant and size of an air hole to obtain 

ultra-flattened dispersion inside the normal region. And 

then, the optical properties of such an optimal PCF 

structure are analyzed in detail.  

We have chosen olive oil because its nonlinear 

refractive index is extremely high rather than those for 

other liquids and solids. Indeed, the olive oil has a 

nonlinear refractive index value of 2.28×10-11 m2/W at 

632.8 nm [15], while it equals 310×10-20 m2/W for carbon 

disulfide or equals 2.6×10-20 m2/W for fused silica at 530 

nm [12]. This is promising for broadband SC all-fiber 

sources with only few millimeters. One special thing 

when we compare it to high nonlinear liquids is that olive 

oil is non-toxic. This is very important in reality because 

it will overcome the disadvantages that high nonlinear 

liquids bring. 
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The cross-section of the geometrical structure 

schematic of the modeled PCF is presented in Fig. 1. 

Here, we model the PCF with a fused-silica cladding 

which consists of seven air-hole rings arranged in a 

regular hexagonal lattice shape. This cross-sectional 

structure is defined by the lattice pitch Λ and air holes 

diameter in the cladding d. The linear filling factor of the 

cladding is defined as f = d/Λ and it used a constant filling 

factor for all rings to simplify future fiber development. 

The central air hole is much bigger and fulfils the 

relation: Dc = 2Λ–1.4d, to ensure the technological 

feasibility of the considered structures. We also 

assume that the central hole is filled with olive oil. 
 

 
 

Fig. 1. Schematic of the modeled PCF structure, where Dc is the 

diameter of the liquid-filled core. 

The refractive index characteristics for modeling obey 

the Sellmeier equation as the below formula: 

              𝑛(𝜆) = √𝐴1 +
𝐵1𝜆2

𝜆2−𝐶1
+

𝐵2𝜆2

𝜆2−𝐶2
+

𝐵3𝜆2

𝜆2−𝐶3
               (1) 

where Bi and Ci are the Sellmeier coefficients and 𝜆 is the 

operating wavelength in μm. The Sellmeier’s coefficients 

for fused-silica and olive oil are introduced in Table 1.  

 

Fig. 2. Real part of the refractive index of olive oil and fused silica. 

 

Table 1. Sellmeier’s coefficients for the material used. 

Coefficient Fused silica [16] Olive oil [17] 

A1 1 1 

B1 0.6694226 1.111 

B2 0.4345839 0 

B3 0.8716947 0 

C1[𝜇𝑚2] 0.0044801 0.012321 

C2 [𝜇𝑚2] 0.013285 0 

C3 [𝜇𝑚2] 95.341482 0 

It can be seen that the refractive index of olive oil is 

higher than that of fused-silica glass as shown in Fig. 2. 

Therefore, the guiding mechanism is derived by total 

internal reflection along the PCF. 

We have divided linear simulations into two parts: 

1. Analyze the function of the lattice pitch and filling 

factor of the PCF structure; 

2. Detailed analysis of the structures with optimized 

dispersion. 

Looking for the optimal structure of PCF we consider 

the structures having the lattice pitch Λ changing from 1.5 

to 2.5 with a step of 0.5 and the filling factor changing 

from 0.3 to 0.6 with a step of 0.025. As a result, 39 

simulation runs were conducted at this stage. The 

optimization criteria aimed at SC generation at selected 

wavelengths of 1.55 μm and followed the flatness of 

dispersion (the difference between maximum and 

minimum dispersion values), and spectral bandwidth 

within the appropriate dispersion variability range.  

 

 

 
Fig. 3. Characteristics of the fundamental mode dispersion for different 

lattice pitch Λ. 

Figure 3 shows the characteristics of dispersion for the 

fundamental mode in the 0.5 ÷ 2.2 μm wavelength range. 

For a certain Λ value, increasing the filling factor leads 

not only to an increased difference between maximum 

and minimum dispersion values but also to the dispersion 

bandwidth. Meanwhile, for a certain f, the characteristics 

are shifted toward longer waves and flattened with 

increasing Λ. The same applies to ZDWs. In the case of 

the PCF structure with a lattice pitch equal to 2.5 μm, the 
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maximum dispersion is greater than zero, which means 

there is both normal and anomalous dispersion. On the 

contrary, dispersion exists only in the normal dispersion 

range or a part that exist in both ranges. 

Finally, from the preliminary calculations that were 

conducted to achieve ultra-flattened dispersions and their 

wide bandwidth, we selected the PCF with a lattice pitch 

equal to 2.0 μm and a filling factor of 0.325. This fiber 

has the optimum dispersion characteristics, because of the 

achieved flatness and largest bandwidth in the normal 

dispersion region. The result illustrates that the proposed 

PCF allows obtaining ultra-flat normal dispersion over the 

682 nm wavelength range from 1446 to 2128 nm, where 

the dispersion changed from –6.078 to –4.773ps/nm/km. 

 Figure 4 (a) shows the comparison of dispersion 

characteristics of the fundamental mode as a wavelength 

function of the designed PCF and the PCF of a solid core 

with fused silica glass. The fiber of optimal size, i.e. for 

fused-silica core has existing two ZDWs; the dispersion at 

1.55 𝜇𝑚 wavelength equals –12.123773 ps/nm/km, while 

the proposed fiber exists in all normal dispersion in this 

range, and the dispersion at 1.55 μm wavelength equals –

4.773 ps/nm/km. 

 

     
Fig. 4. (a) Dispersion characteristics of the PCF with a core filled with 

air and with olive oil; (b) calculated effective mode area, nonlinear 

refractive index of the designed PCF. 

The effective mode area and nonlinear coefficient of this 

structure are depicted in Fig. 4 (b). The modal area of the 

fundamental mode increases almost linearly with the 

wavelength. For a wavelength at 0.5 μm, the modal area 

equals 5.33659 μm2, while at a 1.55 μm wavelength, the 

modal area equals 9.68821 μm2. 

Meanwhile, the nonlinear coefficient γ of the proposed 

PCF is calculated by the following equation:  

                                  𝛾 =
2𝜋

𝜆

𝑛2

𝐴𝑒𝑓𝑓
                                   (2) 

where n2 is the nonlinear refractive index of olive oil (n2 = 

2.28×10-11 m2/W at 632.8 nm [15]) and Aeff denotes the 

effective mode area. The designed fiber structure has an 

extremely high nonlinear coefficient whose values can be 

higher than 4.15×1010 W-1·km-1. At a 1.55 μm wavelength, 

the nonlinear coefficient reaches 9.54×109 W-1.km-1. 

Thus, with an extremely highly nonlinear one, it is also 

expected that olive oil core PCFs, whose lengths are 

about a few millimeters, could be used for generating SC. 

The designed PCF would be very useful for studying SC 

generation which has many potential applications in 

different fields such as spectroscopy, frequency 

metrology, optical coherence tomography, medical 

diagnostics, chemical detection, etc. 
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