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INTRODUCTION

Fiber-optic supercontinuum (SC) generators (FOS-
CGs) represent new broadband laser sources that are
widely used in fundamental and applied research [1]. A
key element of the FOSCG is a conventional or specific
optical fiber in which several nonlinear effects lead to a
significant spectral broadening of the input radiation.
The SC generation is implemented using microstruc-
tured [2], pulled [3], or highly nonlinear [4] optical
fibers. The SC generation is strongly affected by the
dispersion characteristics of the fibers, in particular, the
position of the zero-dispersion wavelength of the fiber
relative to the pumping wavelength [5]. The commer-
cially available microstructured and nanostructured
fibers [6], which exhibit relatively long lifetimes, are
widely used at present for the SC generation. Femto-
second [7], picosecond [8], nanosecond [9], or CW
lasers whose radiation intensity is modulated at a rela-
tively high frequency (50–300 GHz) serve as pumping
sources. Normally, the pumping power is a single vari-
able parameter of the commercially available and labo-
ratory FOSCGs. Variations in the remaining parameters
(SC spectral width, power spectral density, etc.) results
from a variation in the pumping power.

The possibility of controlling the SC spectral width
using a variation in the radiation wavelength of the fem-
tosecond Ti:sapphire pumping laser was recently dem-
onstrated in [10]. The Kerr-lens mode-locked Ti:sap-
phire laser enables one to vary the wavelength of the
femtosecond-pulse radiation in a relatively wide spec-
tral range. The mode-locked lasers based on saturable
absorbers exhibit a narrower wavelength tuning range
of short pulses owing to the spectral dependence of the
saturable-absorber parameters. However, saturable
absorbers are widely used in various lasers due to the
simplicity of the mode-locking procedure in compari-

son with the procedure that is needed for the Kerr-lens
mode locking and that involves a thorough preliminary
tuning of the multimirror laser cavity. In this regard, it
is expedient to study the possibilities offered by rela-
tively simple femtosecond lasers based on saturable
absorbers in the control of the SC parameters. From the
practical point of view, it is important to characterize
the range of variations in the SC parameters at a rela-
tively weak variation in the pumping wavelength in the
immediate vicinity of the zero-dispersion wavelength
of a conventional commercially available microstruc-
tured fiber. The femtosecond Yb:KYW laser with a
maximum power in the range 1040–1050 nm appears
appropriate for such a study using a Crystal Fiber SC-
1040 microstructured fiber. The interest in the femto-
second Yb:KYW laser as a master oscillator of an
FOSCG is also due to the significant advantages of this
modern laser in comparison with the femtosecond
Ti:sapphire lasers: the Yb:KYW laser employs direct-
diode pumping (IR laser diodes for the pumping of the
Yb:KYW lasers are substantially simpler and cheaper
than the green laser diodes needed for the pumping of
the Ti:sapphire lasers).

In this work, we present the initial experimental
results on the FOSCG based on a wavelength-tunable
femtosecond Yb:KYW laser and the microstructured
fiber whose zero-dispersion wavelength falls into the
working spectral range of the Yb:KYW laser.

EXPERIMENT

In the experiments, we employ a Yb:KYW laser
[11] with the following parameters at a pumping power
of up to 4 W and a pumping wavelength of 976 nm:
pulse duration, 250 fs; pulse repetition rate, 80 MHz;
mean output power, up to 400 mW; and pulse energy,
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about 5 nJ. In the mode-locked laser, the wavelength
can be tuned in the range 1038–1053 nm. For the SC
generation, we use a Crystal Fiber SC-5.0-1040 micro-
structured fiber with a length of about 3 m. In accor-
dance with the specification, the zero-dispersion wave-
length of this fiber (1040 

 

±

 

 10 nm) falls into the wave-
length-tuning range of the Yb:KYW laser. The laser
radiation is delivered to the fiber using a Faraday isola-
tor and a 10 

 

×

 

 0.3 microobjective. This objective deliv-
ers up to 50% of the laser radiation to the fiber.

The experiment consists of two stages. At the first
stage, we fix the central wavelength of the pumping-
pulse spectrum (1049 nm) and vary the mean power of
the input radiation. Figure 1 demonstrates the depen-
dence of the SC spectral width on the mean power of
the output radiation for the microstructured fiber
pumped by the femtosecond pulses. The width of the
upper spectrum (at a level of 1%), which corresponds to
a mean power of 180 mW, is 390 nm at a mean power
spectral density of about 0.5 mW/nm.

Note the typical soliton peaks that emerge in the
long-wavelength part of the spectrum and the red shift
of these peaks with an increasing pumping power. Note
also the short-wavelength components that emerge at a
certain power level and exhibit a blue shift with an
increasing power. Such features in the SC spectrum are
characteristic of the transformation of the pumping
pulse into a high-order soliton, its decay to fundamental
solitons, the self-shift of the central wavelengths of the
fundamental solitons towards long wavelengths, and
the corresponding generation of the nonsoliton (disper-
sion) radiation in the short-wavelength range [12].

At the second stage, we fix the mean output power
of the pumping laser and tune the central wavelength of
the spectrum of pulses. Figure 2 shows the experimen-

tal spectra measured at the exit of the microstructured
fiber at a fixed mean pumping power of 300 mW and
the pumping wavelengths ranging from 1040 to
1049 nm. In this experiment, the SC integral power is
150 mW at any pumping wavelength.

It is seen that the SC spectral width sharply
increases when the pumping wavelength is tuned in the
range 1040–1049 nm in the vicinity of the zero-disper-
sion wavelength of the fiber. In particular, the spectral
width at a relative level of –10 (–15) dB increases by a
factor of 5.5 (3.1) from 70 (124) to 390 (390) nm. Such
a strong dependence of the SC spectral width on the
pumping wavelength must be due to the proximity of
the zero-dispersion wavelength (

 

λ

 

0

 

 ~ 1040 nm).
For the numerical simulation of the experimental

results, we employ the generalized nonlinear
Schrödinger equation allowing for a fiber dispersion
accurate to the fifth term in the polynomial approxima-
tion of the dispersion curve in the wavelength range
670–1690 nm. The numerically simulated dependence
of the SC spectral width on the wavelength of the
pumping pulses is presented in Fig. 3.

The comparison of the experimental data and simu-
lated curves indicates that the experimentally measured
strong dependence of the spectral width on the pump-
ing wavelength is qualitatively simulated. The smaller
slope of the calculated curve can be related to a possible
difference between the experimental and simulation
parameters.

The calculations make it possible to interpret the
strong experimental dependence of the spectral broad-
ening on the pumping wavelength 

 

λ

 

p

 

. When this wave-
length is rather far in the normal-dispersion region of
the fiber, the insignificant spectral broadening is pre-
dominantly due to the self-phase modulation (SPM).
When the pumping wavelength approaches the zero-
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Fig. 1.

 

 SC spectra at various mean radiation powers (figures
on the curves) at the exit of the microstructured fiber
pumped by femtosecond pulses with a central wavelength
of 1049 nm.
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Fig. 2.

 

 SC spectra at a fixed mean pumping power of
300 mW and various pumping wavelengths (figures on the
curves).
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dispersion wavelength of the fiber, a part of the energy
is transferred (owing to the SPM) to the anomalous-dis-
persion region, where the phase-matching conditions
for the parametric processes are satisfied. This gives
rise to the modulation instability, which leads to the
decay of a pulse to a series of subpulses and the soliton
formation. The self-shift of the soliton frequency owing
to the stimulated Raman self-scattering and parametric
processes cause a significantly more effective spectral
broadening in comparison with the SPM effect in the
normal-dispersion region. This accounts for the rapid
increase in the SC spectral width with an increase in the
pumping wavelength.

CONCLUSIONS

The possibility of controlling the SC spectral width
and power spectral density due to variations in the
wavelength of the femtosecond Yb:KYW laser at a

fixed mean pumping power is demonstrated for the first
time using the experimental results and numerically
calculated data. When the radiation wavelength of the
Yb:KYW laser is tuned in the range 1040–1049 nm at
a pulse duration of 250 fs and a mean power of 300 mW
at the fiber entrance, the spectral width of the SC gen-
erated in the SC-5.0-1040 microstructured fiber
increases by a factor of 5.5 (3.1) (from 70 (124) to
390 (390) nm) at a relative level of –10 (–15) dB.
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Fig. 3.

 

 Simulated curves of the SC spectral width vs. the
pumping wavelength. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


