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Introduction and motivation
Photonic crystal fibers (PCFs) are different from conventional optical fibers, because PCFs

have a periodic microstructure region inside where light is propagating. Solid core PCFs are perfect

nonlinear media, in which nonlinear processes can occur due third-order nonlinearity, which results in

the generation of the supercontinuum [1]. It is one of the most important and widely analyzed

nonlinear optics phenomena, in which pump pulse spectrum broadens hundreds or thousands of times

[2]. This phenomena has many important applications, in areas such as spectroscopy, frequency

metrology, and optical coherence tomography [3]. Although a wide variety of supercontinuum

generation in PCFs research has been done, research in which the length of a short PCF is changed in

small steps has not been performed.

In this study, we present the experimental and theoretical model results of femtosecond

supercontinuum generation in different length photonic crystal fiber.

Experiment and methods
Our experimental setup is shown in Fig. 1. The pump source for supercontinuum generation was

Yb:KGW laser oscillator "Flint" generating 1030~nm wavelength with a repetition rate of 75.2~MHz

and 110~fs duration pulses. An optical attenuator, consisting of a half-wave plate mounted on the

motorized rotation stage and a Brewster type polarizer, was used to change the energy of pump pulses.

Firstly, the laser beam was directed at a pair of prisms, which were used to eliminate pulse chirp

induced by the microscope objective, so that transform-limited pump pulses would be observed at the

entrance of PCF Polarization-maintaining solid-core PCF with high nonlinear coefficient and zero-

dispersion wavelength at 1087.4 nm±10 nm for both polarization modes used (Fig. 2). In this

experiment, we used a horizontal polarization pump: as results of the measurements were essentially

the same for both polarizations, we simply used the polarization that was by default coming from the

laser. SEM picture of this PCF cross-section is depicted in Fig. 3. The core diameter and the pitch of

the PCF were 4.8 µm and 3.25 µm, respectively. While changing pump pulse average power from 25

mW to 630 mW at the fiber entrance, we performed spectra of light coming out of the PCF

measurements. During the experiment, fiber length was changed in small steps.

Results and conclusions
We have presented experimental results of our

investigation of supercontinuum generation in different length

highly nonlinear PCF using femtosecond pulses pumping, which

central wavelength was near ZDW. We have determined that

during the generation of light in a very short fiber (1.5 cm and

1.9 cm) there are three detectable and independent nonlinear

processes: self-phase modulation of the pump pulse; generation

of the third harmonic (TH) (342,7 nm) and UV-VIS light

generation within 375 - 500 nm wavelength range (Fig.4-5). UV-

VIS light generation can be explained based on our experimental

and numerical simulation investigation when PCF length was 2.6

cm (Fig. 6.). The emission of UV –VIS light can be attributed to

the conversion of a free exciton to a self-trapped exciton. Free

excitons are created along the PCF due to multiphoton

absorption (at least 7 photons absorption is needed to excite one

free exciton). In this spectral range, decaying oscillations

because of UV-VIS light interference in different PCF segments

and it shows that UV-VIS light is partially coherent [4].

When PCF length was a little longer (4.8 cm and 5.6 cm) the

spectra of pump pulses were extended in a wider spectral range

thus, in addition to self-phase modulation, other nonlinear

processes occur that determine the generation of

supercontinuum. In this case, previously discussed three

nonlinear processes were still observed, however in the spectra

the peak appeared at 489 nm. We believe that this peak may have

been due to sum-frequency generation of the pump pulse (1030

nm) and the wavelength at 930 nm. The wavelength at 930 nm is

the result of the spectrum broadening caused by the self-phase

modulation. It is well known that the sum frequency generation

in isotropic medium such as glass under normal circumstances is

very inefficient as there is no phase matching between

interacting waves. However in a fiber the sum frequency wave

could be generated in higher PCF mode and phase matching

condition in principal could be achieved. In order to verify this

possibility a numerical simulation of the inter-mode three-wave

interaction is necessary to perform.

To conclude, it is safe to say that generation of UV-VIS light

in short length PCF is possible when using femtoseconds with a

central wavelength of 1030 nm pump pulses. In the future, we

will perform a numerical simulation, in which we could verify

the possibility of the inter-mode three-wave interaction and the

peak at 489 nm generation.

This work has received funding from European Regional

Development Fund (project No1.2.2-LMT-K-718-03-0004)

under grant agreement with the Research Council of Lithuania

(LMTLT).

References
[1] P. St. J. Russell, Photonic-crystal fibers, J. Light. Technol. 24(12), 4729-4749 (2006).

[2] J. M. Dudley, G. Genty, S. Coen, Supercontinuum generation in photonic crystal fiber, Rev. Mod.

Phys. 78, 1135-1184 (2006).

[3] J. Vengelis, V. Jarutis, V. Sirutkaitis, Extension of supercontinuum spectrum, generated in

polarization-maintaining photonic crystal fiber, using chirped femtosecond pulses, Opt. Eng.

57(1), 1-10 (2018).

[4] M. Kuliešaitė, V. Jarutis, J. Pimpė, J. Vengelis, Partially coherent UV-VIS light generation in

photonic crystal fiber using femtosecond pulses, Results Phys. 31, 1-5 (2021).

Fig. 1: Experimental setup of measurement apparatus: BS − beam splitter; λ/2 − half-wave phase plate; 

BP − Brewster type polarizer; M − highly reflective mirrors; P1,P2 −  prisms; R − retroreflector; OB1 − 

microscope objective; PCF − photonic crystal fiber, AL − aspheric lens.

Fig. 3: SEM picture of polarization 

maintaining PCF microstructures.

Fig.2 : The dispersion parameter D for 

orthogonal polarization modes.

Experimental setup

Fig. 4: Spectrogram registered using VIS spectral range (a) and 

registered using IR range spectrometer(b). The emission spectrum of 

the PCF in VIS/NIR spectral range (c) and infrared (d) spectral 

range. Red dotted curve indicates the spectrum of pump pulses.

Fig. 5: Spectrogram registered using VIS spectral range (a) and 

registered using IR range spectrometer(b). The emission spectrum of 

the PCF in VIS/NIR spectral range (c) and infrared (d) spectral 

range. Red dotted curve indicates the spectrum of pump pulses.

Fig. 7: Spectrogram registered using VIS spectral range (a) and 

registered using IR range spectrometer(b). The emission spectrum of 

the PCF in VIS/NIR spectral range (c) and infrared (d) spectral 

range. Red dotted curve indicates the spectrum of pump pulses.

Fig. 8: Spectrogram registered using VIS spectral range (a) and 

registered using IR range spectrometer(b). The emission spectrum of 

the PCF in VIS/NIR spectral range (c) and infrared (d) spectral 

range. Red dotted curve indicates the spectrum of pump pulses.

Fig. 6: Numerical model algorithm fitting on measured UV-VIS light spectrum. The gray curve with joined circles – measured spectrum, 

red circle – numerical simulation results.


