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Design of optimum supercontinuum spectrum generation 

in a dispersion decreasing fiber
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In this paper, the optimum supercontinuum (SC) spectrum generation in a dispersion decreasing fiber is presented. 

Three normalized parameters for the pump pulse and SC fiber are introduced. It is found that the shape of an SC spec-

trum is uniquely specified by the input soliton order, the normalized dispersion slope and the normalized effective fi-

ber length. For a pumping condition with a given input soliton order and a given normalized dispersion slope, by opti-

mizing the normalized effective fiber length, the residual spectral peak in the SC spectrum can be suppressed effec-

tively, and a broad SC spectrum with optimum spectral flatness can be obtained. 
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Supercontinuum (SC) generation has become a very 

popular technique to obtain desired broadband optical 

sources. Such broadband sources have been widely ap-

plied in diverse research fields, such as optical commu-

nication, spectroscopy, microscopy and optical coherence 

tomography[1-5]. Numerous methods have been reported 

in SC generation using various lasers and optical fibers. 

Much effort has been devoted to generate wider and flat-

ter SC spectra. Dispersion-flattened dispersion-decreasing 

fibers (DFDFs)[6-8], conventional dispersion flattened 

fiber (DFF)[9] and photonic crystal fibers[10-12] were 

proven to be successful candidates for flat broadband SC 

generation. Dispersion decreasing fibers (DDFs), which 

are usually used in optical pulse compression, have also 

shown to be appropriate for generating SC spectra[6,13,14]. 

The SC spectrum broadened over several hundred nano-

meters can be obtained even if the peak power of the 

pump pulse is as low as a few watts[14]. The mechanisms 

of SC generation in DDF are similar to those in DFDF, 

but the flatness of SC spectra generated in DDFs is 

poorer because DDF has larger dispersion slope. On the 

other hand, the SC spectra generated from DDFs still 

contain a strong residual spectral peak as those from 

DFDFs, and most of the pump pulse energy is stored in 

this residual spectral peak. As a result, the power in the 

spectrally broadened region is quite low. In order to sup-

press the strong residual spectral peak and improve the 

distribution of pump power among the SC spectra in 

DDFs, in this paper, we present a design for optimum SC 

spectrum generation in a DDF with the purpose of ob-

taining flat SC. Numerical simulations show that by 

carefully choosing the fiber parameters and the pumping 

conditions, the strong residual spectral peak can be sup-

pressed greatly, and a broad SC spectrum with optimum 

flatness is realized. 

Here we introduce an ideal dispersion characteristic in 

a DDF, which can be expressed as 
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where D0 is chromatic dispersion at the input, i.e., D(λ0, 

0), the effective length L0 is defined as the propagation 

distance after which the dispersion D(λ0, z) becomes 

negative (normal dispersion), and k is the dispersion 

slope of the dispersion profile. In this paper, we assume 

the pump wavelength as λp=λ0=1 550 nm. 

We use a generalized nonlinear Schrödinger equation 

(GNLSE) to model the SC pulse propagation inside the 

fiber. In a frame of reference moving at the group veloc-

ity of the pulse, the GNLSE can be written in its normal-

ized form as[14] 
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where the field amplitude U(ξ, τ) is normalized as 

U(0,0)=1. Other variables are defined as 
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where T0 is the half-width at 1/e-intensity point, and for a 

hyperbolic secant pulse, it is related to the full width at 

half maximum (FWHM) by TFWHM≈1.763T0. P0 is the 

peak power of the pulse launched into the fiber, 

LNL=1/(γP0) is the nonlinear length, vg is the group veloc-

ity, γ is the nonlinear parameter, δ
m
 is the mth order dis-

persion coefficient in normalized form, s=(ω0T0)
-1 is the 

self-steepening parameter at the carrier angular fre-

quency ω0 of the pulse, and R(τ) is the nonlinear response 

function.  

In order to better discuss the effects of pump pulse 

parameters and fiber parameters on SC generation, we 

define three dimensionless parameters to describe the 

conditions for generating SC spectrum by using the 

method in Ref.[1], which are expressed as 
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where N is the soliton order of the pump pulse. Δ1 and ξ0 

correspond to the real parameter k and L0, respectively. 

So we define Δ1 and ξ0 as the normalized dispersion 

slope and the normalized effective length, respectively. 

The input pulses are assumed to have the form of 

( ) ( ), sechU 0 =τ τ .                        (10) 

We first demonstrate the typical SC generation in 

DDFs. Fig.1 shows the generated SC spectra which are 

uniquely specified by the normalized parameters of N, Δ1 

and ξ0. The parameters are set to be N=2, Δ1=1.17× 10-4 

and ξ0=3.51. The spectra are observed at a normalized 

propagation distance of ξ=1.2ξ0 which corresponds to 

the real propagation distance of z=1.2L0. The effect of 

fiber loss is not included. 

Fig.1(a) and (b) show the SC spectra with a constant 

pulse duration TFWHM=4 ps and various peak powers for 

the pump pulse. These spectra are almost identical, 

which have the −27 dB bandwidth of 226 nm. Fig.1(c) 

shows the SC spectrum with a pulse duration TFWHM= 

8 ps for the pump pulse, and the −27 dB bandwidth of 

spectrum is 114 nm. These spectra in Fig.1 have the 

same shape, and the bandwidths are inversely propor-

tional to the duration of pump pulse TFWHM. The above 

results show that the shape of spectrum is uniquely 

specified by the normalized parameters N, Δ1 and ξ0. 

 

 
(a) TFWHM=4 ps, γP0=5.94 km-1, D0=6 ps/(nm·km), k=5.0×10-3 ps/(nm2·km) 

and L0=0.590 km 

 
(b) TFWHM=4 ps, γP0=29.71 km-1, D0=30 ps/(nm·km), k=2.5×10-2 ps/(nm2·km) 

and L0=0.118 km 

 
(c) TFWHM=8 ps, γP0=2.97 km-1, D0=12 ps/(nm·km), k=2.0×10-2 ps/(nm2·km) 

and L0=1.180 km 

Fig.1 Typical SC spectra generated from DDFs specified 

by the normalized parameters of N=2, Δ1=1.17×10
-4
 and 

ξ0=3.51 
 
The most notable feature of spectra in Fig.1 is that the 

SC spectra are accompanied by a strong residual spectral 

peak covering the pump wavelength range. More than 
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46% of the pump pulse energy is stored in the residual 

spectral peak. As a result, the two wavelength bands on 

either side of the pump wavelength are quite low in 

power. Moreover, the flatness of the spectrally broadened 

region is poor. 

The process of SC generation in DDF is an interplay 

between nonlinear effect and dispersive effect. SC gen-

eration consists of two stages of pulse compression and 

spectral shaping. In the anomalous dispersion segment of 

the fiber, the adiabatically decreasing dispersion induces 

an initial phase of spectral broadening and associated 

temporal compression. After a propagation distance of 

about L0, the spectral bandwidth increases sufficiently to 

induce the dispersive wave generation with respect to the 

pump wavelength. After propagating beyond L0 when the 

dispersion is normal everywhere, the residual pump 

components temporally broaden and overlap with the 

frequency-shifted dispersive waves, facilitating interac-

tion through cross-phase modulation. The combined re-

sult of these dynamics leads to a broad and flat SC spec-

trum generation. 

According to the results presented in Fig.1, the shape 

of the SC spectrum is determined by the normalized pa-

rameters of N, Δ1 and ξ0. For a given N and a given Δ1, 

we can optimize ξ0 to improve the distribution of pump 

power in the SC spectrum and obtain a flat SC spectrum. 

To estimate the intensity fluctuation of the SC spectrum, 

we may introduce the following parameter of 
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where λ is the wavelength, I(λ) is the spectrum intensity, 

and Imin is the minimum value of I(λ) for λ in the range of 

λ1<λ<λ2. If a spectrum has a strong residual spectral peak 

or deep groove, the value of F will be very large. The 

smaller the value of F, the flatter the SC spectrum. 

We change the parameter ξ0 and fix other parameters 

of input soliton order N and normalized dispersion slope 

Δ1 in order to observe the effect of ξ0. As a result, the 

parameter F of the generated SC spectrum depends on ξ0, 

and then we can obtain the curve of F(ξ0). We keep Δ1 

constant at −1.17×10-4, and calculate the curve of F(ξ0) 

for different N in the range of 1.0≤N≤2.2. For a given 

value of N, to generate an SC spectrum, ξ0 needs to ex-

ceed a certain threshold of ξ0th. Fig.2 shows the curves of 

F(ξ0) for five typical input soliton orders of N=2.0, 1.7, 

1.5, 1.2 and 1.0, respectively. For each N, ξ0 begins from 

its threshold value ξ0th. There are several notable features 

in the curves shown in Fig.2. First, the threshold value 

ξ0th increases as N decreases. Second, when ξ0=ξ0th, the F 

parameter has a maximum value. Third, the curves con-

sist of many peaks and troughs, and both the peak values 

and the trough values tend to decrease as ξ0 increases. At 

the bottom of the trough, we can choose a moderate ξ0 

as 

an optimal value. In Fig.2, each curve presents four 

troughs, and the third and the fourth troughs reach rela-

tively small values. So we may choose the optimal value 

at the bottom of the third and the fourth troughs, which 

are indicated by ξ0opt1 and ξ0opt2, respectively. As shown 

in Fig.2, ξ0opt1 and ξ0opt2 are positioned nearly in the mid-

dle of the trough. When ξ0 is in the vicinity of ξ0opt, the 

parameter F maintains a small value.  

 

 
(a) N=2.0 

 

(b) N=1.7 

 
(c) N=1.5 

 

(d) N=1.2 



Optoelectron. Lett. Vol.11 No.3 ·0220· 

 

(e) N=1.0 

Fig.2 Calculated parameter F of the output SC spec-

trum as a function of ξ0 
 
Fig.3 shows the spectra generated at ξ0opt1 and ξ0opt2. We 

find that when N>1.5, the flatness of the spectra generated 

at ξ0opt1 is slightly better. On the contrary, when N<1.5, the 

flatness of the spectra generated at ξ0opt2 is slightly better. 

For the same N, the bandwidth of the spectrum generated at 

ξ0opt2 

is slightly broader.  

As seen clearly in Fig.3, although the SC spectra still 

contain a residual spectral peak due to higher-order soliton 

compression, the residual spectral peak becomes narrow 

obviously, and its intensity is suppressed greatly. Further-

more, the flatness of the spectra is improved evidently, and 

the spectrally flat region significantly extends. All the spec-

tra have the −27 dB bandwidth over 280 nm. As N de-

creases, the residual spectral peak becomes narrower, and its 

intensity becomes weaker. For N=1 (a fundamental soliton), 

the residual spectral peak is suppressed to the utmost extent, 

while the SC spectrum keeps good flatness. Because the 

dispersion slope of the fiber is not zero, the SC spectra are 

asymmetric. 

Fig.4 shows the calculated ξ0opt1 and ξ0opt2 as a function of 

N. For comparison, the threshold value ξ0th as a function of 

N is also plotted in Fig.4. The curves indicate that the varia-

tions of ξ0opt1, ξ0opt2 and ξ0th with N follow the similar trend. 

As N decreases, both ξ0opt1 and ξ0opt2 increase, and the rate of 

increase becomes larger. For a lower-order soliton, to gen-

erate an optimum SC spectrum, the required optimal ξ0 is 

large. For the same N, the value of ξ0opt1 is obviously less 

than that of ξ0opt2. As there are only minor differences be-

tween the spectra generated at ξ0opt1 and ξ0opt2, we can 

choose ξ0opt1 as the optimal value of ξ0. If ξ0 is set in the 

vicinity of ξ0opt1, we can obtain a desirable SC spectrum 

with a relatively low value of ξ0. 

We choose ξ0opt1 

as the optimal value of ξ0 

and calculate 

the proportion of residual spectral peak energy of the SC 

spectrum. Fig.5 shows the proportion of residual spectral 

peak energy as a function of N. It can be seen that the 

proportion of residual spectral peak energy de-

creases almost linearly with the decrease of N. When N 

decreases down to less than 1.2 (N<1.2), the proportion of 

residual spectral peak energy decreases down to less than 

9%. The tradeoff for minimizing the residual spectral peak 

energy is the decrease of N and the increase of ξ0opt.  

 
(a) ξ0 =ξ0opt1 

 
(b) ξ0 =ξ0opt2 

Fig.3 The SC spectra generated at ξ0opt1 and ξ0opt2 
 

 

Fig.4 Calculated ξ0th, ξ0opt1 

and ξ0opt2 as a function of 

input soliton order N 
 

 

Fig.5 Calculated proportion of residual spectral peak 

energy of the SC spectrum as a function of input 

soliton order N 
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In summary, we present the design of optimum SC 

spectrum generated in a DDF. We introduce three nor-

malized parameters for the pump pulse and SC fiber, and 

identify that the shape of an SC spectrum is uniquely 

specified by the normalized parameters of N, Δ1 and ξ0. 

For a pumping condition with a given N and a given Δ1, 

by optimizing the parameter ξ0, the residual spectral peak 

in the SC spectrum can be suppressed effectively, and a 

broad SC spectrum with optimum spectral flatness can 

be obtained. In order to obtain the optimal value of ξ0, a 

parameter of F is introduced to estimate the intensity 

fluctuation of the SC spectrum. The optimal value of ξ0 

depends on N and Δ1. When N decreases, the optimal 

value of ξ0 increases, and the proportion of residual 

spectral peak energy of the SC spectrum decreases. To 

obtain an optimum SC spectrum with weak residual 

spectral peak, an input pulse with lower soliton order is 

recommended. 
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