
LA-U R- * 0 1 -  
Approved forpublic release; 
distribution is unlimited. 

Title: 

A ufhor(s): 

Submitted fo: 

Los Alamos 

Generation of UV Light from Microstructural Fibers Pumped 
with a Femtosecond 800 NM Oscillator 

A. Efimov, F.G. Omenetto, A.J. Taylor, J.C. Knight, W. 
Wadsworth, P. St. J. Russell 

Quantum Electronics and Laser Science 2002 Conference, 
May 19-24,2002, Long Beach, CA 

NATIONAL LABORATORY 
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the University of California for the US. 
Department of Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government 
retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for US. 
Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as work performed under the 
auspices of the US. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to 
publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness. 

Form 836 (8100) 

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact:



Library Without Walls Project

Los Alamos National Laboratory Research Library

Los Alamos, NM  87544

Phone:  (505)667-4448

E-mail:  lwwp@lanl.gov



Generation of UV light from microstructured fibers 
pumped with femtosecond 800 nm oscillator 

Anatoly Efimov, F. G .  Omenetto, A. J. Taylor 
M S  K764 Los Alamos Nataonal Laboratory, Los Alamos NM 87545 

efmov@lanl.gov 
Jonathan C. Knight, William J. Wadsworth, 

Philip St. J. Russel 
Dept. of Physzcs, Unzverszty of Bath, Bath, BAB 7AY,  UK 

Abstract: Generation of wavelengths up to 310 nm from the multimode microstructured fiber 
pumped with 1 W of 800 nm is demonstrated. The nonlinear mechanism is distinct from the 
supercontinuum generation. The efficiency depends strongly on the input polarization and fiber 
tip morphology. 
@ 2001 Optical Society of America 
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Microstructured fibers have been shown to be an excellent media for nonlinear optical interactions due to 
small core size, long interaction length and unusual dispersion properties. Supercontinuum generation with 
just oscillator pumping is one of the manifestations of such properties [l]. The supercontinuum is typically 
observed in the fundamental mode even in the multimode PCFs. Another interesting observation is the 
generation of distinct frequency bands when pumping the PCF at 1550 nm [2]. The color generation was 
observed in the visible region exiting the fiber in single higher-order modes different for each color. 

Here we report the observation of the upconversion of the femtosecond 800 nm pulses from a commercial 
Ti:Sapphire oscillator to the UV frequency range, Fig. 1. It is unambiguously observed that the nonlinear 
mechanism is distinct from that of the supercontinuum generation and the UV generation occurs starting 
from the higher-order mode at the fundamental wavelength and yielding a very high-order mode in the UV. 

The experiment involves a Spectra Physics Tsunami, 150-fs laser delivering up to 1.3 W to the fiber. After 
the attenuator, Faraday isolator and polarization control optics, the light is focused on the tip of the PCF 
with an aspheric lens. The fiber was a high-air-filling fraction single strand fused silica suspended by a 
honeycomb web of silica pellicles running along the length of the fiber, which was a few tens of centimeters 
in our experiments. The diameter of the core was approximately 2.5 microns which makes the fiber highly 
multimode at 800 nm. 

It was observed that upon increasing the power of the fundamental input to a freshly cleaved fiber, a strong 
supercontinuum was generated. When further increasing the power, however, one reaches a threshold (1.1 W 
in our case) when the supercontinuum suddenly ceases and a strong UV light emerges from the fiber in 
high-order multilobe modes, Fig. 2. The threshold of the supercontinuum cessation was later identified with 
the change of the fiber core tip morphology as revealed by the transverse scans shown in Fig. 3 and SEM 
images (shown in the inset of Fig. 3 only for freshly cleaved fiber). 

The efficiency of the UV generation was found to  be strongly dependent on the polarization of the funda- 
mental and varied between experiments These findings strongly suggest that launching the fundamental 
light into a higher-order mode was critical for the process. The aforementioned threshold corresponds to the 
melting of the fiber tip after which the tip is no longer flat but rather works as a phase mask for the coupling 
of the input light. Such a mask decreases the efficiency of the fundamental mode excitation leading to the 
disappearance of the supercontinuum and increases the efficiency of higher-mode excitation which results in 
the UV generation through phase matching to even higher-order modes. 
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Fig. 1. Sample spectra of the light generated in the PCF around 330 nm in higher-order modes. 
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Fig. 2. F;x-ficlcl spal,ial mode profiles of Llic gcneratcd UV light. I d t :  310 nm, right: 400 nm. On the loft 
iinagc Lhc multilobc riiig cornlwises tho iiiodc 01 iiii,cresl.. 
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IGg. 3 .  Transversc guiding scaris OC the PCF bcforc (top) and after (bottom) the controlled t ip melting with 
the pump laser. Initially the hexagonal shape of tho core is well secn, whereas after the melt the change to 
thc core sliape is observed. Small giiirling regions corrcsponrl to  the fiber support structure crossings. 


