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Abstract We consider the conversion of broadband infrared
light, generated from photonic crystal fibers, into narrow-band 0
visible pulses, through frequency conversion in quadratic bi-
axial crystalsWe exploit the nonlinear envelope technique

to predict cubic and quadratic ultrabroadband dynamics
and to guide the experiments. The combination of photonic -30y A A
crys_tal fibers and quad_ratic crystals p_rovides the po_ss_i_bility to —40 600 800 1000 1200 1400
achievelow-cost laser-light sources with a great flexibility of
tuning the spectral properties and covering wavelengths fronm
UV to the infrared range.

|
N
o

wer spectrum [dB]
iR
o

|
w
o

Experimental a) and numerical b) spectral traces of visible light g 600 800 1}\08]0m] 1200 1400

generated through photonic crystal fibers and quadratic crystal
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1. Introduction [10,11,12]. SC light sources are designed to provide a flat
spectrum over a wide wavelength range, but limited op-

The availability of light sources with specific and tunable tions for spectral shaping are related to the dependence of

spectral properties is of interest in many fields of physics,the produced spectrum on parameters such as fiber mate-

from spectroscopy [1,2,3] to spectral imaging [4], from rial and structure, fiber length, pump power, pump wave-

optical sensing to material processing [5,6]. Solid statelength. SC light sources are compact and can generate var-

lasers [7,8,9] may offer the chance for tuning the laserious wavelength distributions with high spatial coherence

wavelength in a limited range. Other more complex lasersand high spectral intensity. They are adapted for waveg-

such as dye lasers, can also provide wider wavelength turdide coupling and focusing to small spot sizes.

ing ranges. The generation of complex wavelength distri-

butions, however, would require the superposition of sev- A general and extremely flexible option for shap-

eral light sources. ing the spectrum of such light sources could be pro-

Nowadays, the development of modern supercontinvided by combination with quadratic nonlinear crys-
uum (SC) fiber light sources offers novel opportunities for tals [13, 14]. Moreover, a comprehensive framework to
tunable light sources and complex wavelength distribgtion study the nonlinear evolution of ultrabroadband pulses
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in quadratic nonlinear media has been recently discov-
ered [15,16]. 3
In this Letter, we consider the conversion of broad-

band infrared light, generated from photonic crystal fibers PCF

(PCFs), into narrow-spectrum visible pulses, thorough fre |] N |] 0—@—0 LBO 0

guency conversion in quadratic crystaide exploit the

nonlinear envelope technique [15,16] to simulate the

cubic and quadratic ultrabroadband dynamics and to

guide the experimentsThe combination of PCFs and quadi auc

crystals could provide the possibility to achieiasv cost

laser-light sources with a great flexibility in tuning theesp ~ Figure 1 Experimental setup. Nd:YAG laser pump delivering

tral properties and covering wavelengths form UV to the 800ps pulses, atl064nm, 8kHz repetition rate; L1, L2, L3

infrared range. lenses;\/2 half wave plate; P polarizer; photonic crystal fiber
(PCF); quadratic biaxial LBO crystal; optical spectrum analyzer
(OSA).

MR U L2

2. Supercontinuum fiber light source and
guadratic crystals

0
Supercontinuum light generation has been developed ver  _;4| a)
successfully during recent decades as a powerful concej
for wideband fiber light sources [17]. It relies on third or- —20t
der nonlinear effects such as four-wave mixing, solitons ‘ ‘ ‘ ‘
and cross-phase modulation. Efficient supercontinuunt ligt 800 1000 1200 1400 1600
generation requires well-defined dispersion conditioris. M &'
crostructured PCFs offered new and flexible ways to ma-
nipulate the light generation process. Special glasséds wit 5
high nonlinearity can be used in the fiber core region. By § -10t
changing the structure of the cladding, the linear and non: 2
linear properties of the PCF can be adapted for pump- 5 -20r
ing with different sources in order to generate the targetec = 800 10‘00 12‘00
wavelength ranges. In silica PCFs, numerous studies hav o A [nm]

demonstrated SC generation covering a wavelength rang

from UV (around350nm) to near-IR. By replacing the sil-

ica with other glas;es such as teIIurite_ or SF_6 material, th%igure 2 Typical SC spectrum at the output of the PCF. a) OSA
SC spectrum is shifted towards the higher infrared WaVe-meausurement, b) numerical trace.

lengths up to aboutum. In spite of the great flexibil-

ity in generating such a wide range of wavelengths, it is

not already demonstrated the possibility to achieve a spe-

cific wavelength spectrum directly by designing the fiber increase the nonlinearity of the waveguide [18]. By cou-
or other system parameters. pling the pump radiation into &mn long fiber, we gen-

A single-pass frequency doubler device may converterated a broadband spectrum induced by the combination
the SC broadband infrared radiation into narrow spectrunof four-wave mixing, solitonic and cross-phase modula-
visible pulses with a tunable carrier wavelength, desiredtion effects. We considered a compact SC system with a
temporal durations, and good-efficiency conversidfe  wide wavelength range, which then can be easily manip-
exploited the nonlinear envelope technique to simulate ulated externally. The SC radiation is then focused onto a
cubic and quadratic ultrabroadband dynamics and to  2cm long quadratic biaxial LBO crystal [19]. As an exam-
guide the experiments [15, 16]. ple, we show the case of light propagation in the principal

For a demonstration experiment the setup depicted irplane XY of the biaxial crystal with the azimuthal angle
Fig. 1 is employed. A passively Q—switched Nd:YAG laser ¢ varying from0° to 20°. The spectra were subsequently
delivering800ps pulses al064nm is used as a pump sourcecharacterized by an optical spectrum analyzer (OSA).

The repetition rate and the peak power wékddz and

10kW, respectively. Two half wave plates and a polar-

izer allowed to control the power and polarization direc- 3. Results and discussion

tion of pump radiation. The pump is coupled into a PCF

by an aspheric lens with a coupling efficiency Tf%. Fig. 2a reports a typical experimental SC spectrum at the
For fiber supercontinuum generation, we used a PCF wittoutput of the PCF, characterized by the OSA. Fig. 2b re-
a multi-component glass structure in the core in order toports the spectrum obtained through standard numerical
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% 600 800 1000 1200 1400 Figure 4 Typical numerical temporal profiles 600nm (green
o A [nm] line) and700nm (red line) at the output of the LBO crystal.
Figure 3 Spectrum at the output of the LBO crystal. a) OSA
meausurement, b) numerical trace. The azimuthal angte0°. _. 0
J a)
e -10} ]
-
simulations, averaged ov@d measurements to mimic the 5 I
integration time of the OSA. The SC extended in the IR (% -20 N \

range (064 — 2220nm) for an average power GOmW . 500 650 700 750
Fig. 3a reports a typical experimental spectrum at the out:
put of the quadratic LBO crystal. Fig. 3b reports the spec-
trum obtained through broadband numerical simulations .—4 b)
[15,16]. We observed the generation of visible signals al g’

600nm and700nm. In fact, second harmonic generation @2

for type | processes takes place in the quadratic crystal: <t

o

[20]. Fig. 4 reports typical temporal profiles of signals 0
generated in the visible range: trains 0f200fs pulses. 600 650 700 750
The use of LBO crystals permits the generation of two % [nm]

visible waves spatially and temporally overlapped, but

spectrally separated. The carrier wavelengths of the  Figyre 5 a) OSA meausurement of visible spectra at the output
two waves can be tuned simply varyng the azimuthal  of the LBO crystal at different crystal azimuthal angles. b) Para-
angle of the LBO crystal. Fig. 5a reports experimental metric gain for second harmonic generation in LBO as a function

visible spectra at the output of the quadratic LBO crystal,of generated wavelength and crystal azimuthal angle.
at different azimuthal crystal angle Fig. 5b shows the

contour plots of the normalised parametric gain for sec-
ond harmonic generation varying the crystal azimuthal an-

gle (the curves are calculated from Sellmeier equations fobhenomena. We have considered the conversion of broad-
LBO at temperatur@’ = 277 [19]). _ band infrared light, generated from a photonic crys-

The use of the nonlinear envelope technique, thor-  t5] fiber, into narrow spectrum visible pulses, through
ough reverse engineering [13], would allow to choose parametric frequency conversion in a quadratic LBO
different crystals permitting the generation of wavesin  pjaxial crystal. The combination of photonic crystal fibers
different regions of the spectrum and/or with desired  and quadratic crystals would provide the possibility toiewh
temporal durations. As an example, the combination  |ow-cost laser-light sources with a great flexibility in shap-
of a PCF designed for broadband SC generation inthe  jng the spectral and temporal properties and covering wave-
visible and a KDP crystal would lead to the generation  |engths form UV to the infrared range. These optical sources
of fields in the UV spectrum. could be of interest in spectroscopy, spectral imaging, op-

tical sensing and material processing.

4. Conclusion _
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