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Experimental study of chirp effect on supercontinuum
generation in photonic crystal fibers
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The chirp effect in supercontinuum (SC) generation in photonic crystal fibers (PCFs) is researched care-
fully in experiment. Using an acoustic-optics programmable dispersive filter (AOPDF), the 1−4 order
dispersions of the pulses from femtosecond oscillator can be accurately controlled. The experimental re-
sults show the SC generation in PCF is sensitive to the chirp of incident pulse, and the output spectrum
and conversion efficiency can be tuned by changing the initial dispersion state. With different group delay
dispersion (GDD) brought to the incident pulse, we find that positive chirp can enhance the energy con-
version to long wavelength, and negative chirp can enhance the conversion to short wavelength. Specially,
an optimal negative chirp can maximize the conversion to the shortest one at about 625 nm. The effect
of the third-order dispersion (TOD) also has been investigated, and we find that the same value of the
positive and negative TOD has the similar effect on the SC.

OCIS codes: 140.3510, 320.7110, 300.6420, 320.1590.

Since the first observation in the late 1960s[1], the phe-
nomenon of supercontinuum (SC) generation has been
demonstrated in a variety of materials, including solids,
liquids[2], and gases[3,4]. Over the past several years, all-
silica photonic crystal fiber (PCF) with high nonlinear
coefficient has been proved to be an effective instrument
to produce reliable SC with low pump energy. With
the same input pulse, the output SC can be controlled
by customizing the fiber dispersion profile, which is im-
possible for classical fibers. A SC covering more than
two octaves has been generated in several centimeters
of PCF using ultra-short fs pulses from an oscillator[5].
Such SC sources can be used in many applications, such
as optical coherence tomography (OCT)[6] and optical
frequency metrology[7], etc.. SC generation in PCF with
ultra-short pulses has become a subject of great interest
worldwide.

Many numerical and experimental studies have been
carried out to analyze the influence of the input pulse
properties such as peak power, pulse duration, central
wavelength, etc. The initial chirp of the input pulse has
been theoretically predicted to have a great influence on
the SC generation[8]. However, to our knowledge, the
effects of initial chirp, especially high-order phase dis-
tortions, have not been experimentally studied in detail.
Using an acousto-optic programmable dispersive filter
(AOPDF), the 1−4 order dispersions of the pulses from
femtosecond oscillator can be accurately controlled[9].
Here we present the detailed experimental study how
the 2nd and 3rd order phase distortions affect the SC
generation in PCFs.

Ultra-short pulses generation in PCF is a complex pro-
cess, and there are several nonlinear processes responsi-
ble for the SC generation, such as self-phase modulation
(SPM), self-steepening, and stimulated Raman scatter-
ing (SRS), etc.. Without considering the polarization
coupling[10], a generalized scalar nonlinear Schrödinger
equation can be used to describe the ultra-short pulse
propagation inside the PCF[8]:
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where A is the electric-field amplitude, z is the longi-
tudinal coordinate along the fiber, τ is the time in a
reference frame traveling with the pump light, βm is the
mth-order dispersion coefficient at the central frequency
ω0, α is the fiber loss, γ = n2ω0/(cAeff ) is the nonlin-
ear coefficient, n2 ≈ 2.0 × 10−20 m2/W is the nonlinear
refractive index of fused-silica glass, and Aeff is the ef-
fective mode area of the fiber.

The response function R(τ) = (1 − fR)δ(τ) + fRhR(τ)
includes both instantaneous electronic and delayed Ra-
man contributions. Here fR = 0.18 is the fraction
of the Raman contribution to the nonlinear polariza-
tion, and hR(τ) is the Raman response function of
silica fiber, which can be approximately expressed as
hR(τ) = (τ2

1 + τ2
2 )/(τ1τ

2
2 ) exp(−τ/τ2) sin(τ/τ1), where

τ1 = 12.2 fs and τ2 = 32 fs[11,12].
The nonlinear Schrödinger equation allows for model-

ing the propagation of pulses with spectral width compa-
rable to the central frequency ω0. By including enough
high-order dispersion terms, this equation can be used
to simulate few-cycle pulses[12]. Equation (1) can be nu-
merically solved by using the split-step Fourier method.

The experimental setup is shown in Fig. 1. A laser
diode-pumped femtosecond oscillator generates a 75-
MHz train of 9-fs pulses with 592-mW average power
at 800-nm center wavelength, and the full width at half
maximum (FWHM) is about 200 nm. An AOPDF was
employed after the oscillator to manipulate the chirp of
the pump pulses for SC generation. After the selection
and modulation of AOPDF, only 1000 Hz fractions of
the pulse train are selected and the FWHM is reduced to
80 nm (Fig. 2). The pulse energy will be attenuated by
the filter with a diffraction efficiency of about 50%. The
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Fig. 1. Experimental setup.

Fig. 2. Spectra of the input pulse and output without initial
chirp.

FWHM of temporal width after AOPDF is measured to
be about 20 fs by an autocorrelator.

The pump power can be controlled by the half-wave
plate and polarizer after AOPDF, and another half-wave
plate is employed to manipulate the pump polarization
state. A 40× micro-objective with a numerical aper-
ture of NA=0.65 is used to couple the pump pulses into
the PCF, and another 20× micro-objective is used to
collimate the output pulses. The typical average power
before micro-objective is measured to be 65 mW.

The PCF used in our experiment is a commercial one
(Crystal Fibre A/S) with a length of 20 cm. It has a
zero dispersion around 750 nm with a high nonlinear co-
efficient of γ = 95 (W · km)−1. The fiber is polarization
maintaining.

The spectra in this experiment are all measured by
a portable fiber spectrometer (USB2000, Oceanoptics).
Limited by the detection range of the spectrometer, the
spectral part with a wavelength longer than 1100 nm
cannot be effectively measured.

When the AOPDF is set to self-compensation state,
the dispersion of the acousto-optic crystal can be well
compensated, which means that the chirp state of the
pump pulse has not been changed. The original spectra
and the corresponding SC spectra without chirp effect
are compared in Fig. 2. The observed SC can be sepa-
rated to two parts from the zero-dispersion wavelength:
long-wave part and short-wave part. And each part com-
prises of a series of discrete peaks. The short-wave part
comprises of three obvious peaks: 625, 665 and 700 nm,
and the peaks of the long-wave part are located at 760,
830 and 890 nm separately.

The 2nd-order chirp effect was studied by changing the
group delay dispersion (GDD) parameter of the AOPDF.
From Fig. 3 we can see that the SC profile is sensitive
to the 2nd-order phase distortion. With different GDD

Fig. 3. Effect of GDD on the output SC.

Fig. 4. Effect of TOD on the output SC.

brought to the pump pulse, we find that an optimal pos-
itive chirp can enhance the energy conversion to long-
wave part and an optimal negative chirp can enhance
the conversion to short-wave part, which is instructive
when we want to acquire maximal conversion to a specific
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wavelength. For example, a negative chirp of about
−1000 fs2 can maximize the conversion to the shortest
peak at about 625 nm, and a negative chirp of about
−600 fs2 can maximize the peak at 700 nm. An optimal
positive chirp of about 300 fs2 can maximize the conver-
sion to the peak at about 830 nm. When the absolute
value of the GDD is too large the conversion efficiency
will be too poor to acquire bandwidth large enough due
to low peak power.

The 3rd-order chirp effect also has been investigated
in the same way. By changing the 3rd-order dispersion
(TOD) parameter of AOPDF, we find that our SC pro-
file is not sensitive to 3rd-order phase distortion, and the
same value of positive and negative TODs has the similar
effect on the SC, as shown in Fig. 4. With the increase
of the absolute value of TOD, the SC gets weak due to
the decreasing peak power.

In conclusion, with an AOPDF, we have experimen-
tally studied the chirp effects of the pump pulse on the
SC generation in PCF. We find that the output spec-
trum and conversion efficiency can be tuned by changing
the initial chirp state. The SC profile is sensitive to the
change of 2nd-order phase distortion and not sensitive to
the 3rd-order phase distortion. An optimal positive GDD
will enhance the energy conversion to long-wave part and
an optimal negative GDD will enhance the conversion to
short-wave part. The same value of positive and nega-
tive TODs has the similar effect on the SC. When the
absolute value of the chirp is too large the conversion ef-
ficiency will be too poor to acquire SC generation due to
low peak power.
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