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We demonstrate the generation of supercontinuum (SC) spectrum covering S+C+L band of optical communication by 

injecting 1.4 ps optical pulses with center wavelength of 1 552 nm and repetition rate of 10 GHz into an all-normal 

dispersion photonic crystal fiber (PCF) with length of 80 m. The experimental results are in good agreement with the 

numerical simulations, which are used to illustrate the SC generation dynamics by self-phase modulation and optical 

wave breaking (WB). 
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Photonic crystal fibers (PCFs) are micro-structured opti-

cal fibers which offer the flexibilities of dispersive and 

nonlinear properties and have been extensively used for 

supercontinuum (SC) generation, telecommunication, 

high power transmission and optical sensing[1-6]. Broad-

band light sources based on SC generation at tele-

com-band have important application in the wavelength 

division multiplexing (WDM) optical transmission sys-

tem and radio over fiber (ROF) system[5,6]. 

SC spectra are usually generated by pumping PCF 

with femtosecond or picosecond pulses in the anomalous 

dispersion regime of the PCF close to the zero dispersion 

wavelength (ZDW)[1]. The broadening mechanism in this 

case is dominated by soliton dynamics, which is sensitive 

to input pulse fluctuations, resulting in large differences 

in spectral structure from pulse to pulse[1,7,8]. Conse-

quently, these ultra-broad SCs are characterized by a 

complex temporal profile, pulse to pulse variations in 

intensity and phase, as well as considerable fine struc-

tures over their bandwidth[9,10]. In many applications, low 

noise and high stability are the essential characteristics of 

the SC. In order to reduce this noise, soliton effects and 

the associated problems must be avoided. It can be real-

ized by generating the SC entirely in the normal disper-

sion regime where the spectral broadening is mainly 

through self-phase modulation (SPM). Therefore, SC 

generation in the normal dispersion regime is expected to 

produce spectra with high coherence and stability[11,12]. 

In this paper, SC generation in an all-normal disper-

sion PCF (ANDi PCF) with high-repetition-rate pico-

second pulses is demonstrated. An SC spectrum covering 

S-, C- and L-bands of optical communication and span-

ning from 1 445 nm to almost 1 640 nm is generated. 

Numerical simulations are also used to illustrate the SC 

generation dynamics by SPM and optical wave breaking 

(WB). 

The schematic diagram of experimental setup is shown 

in Fig.1. A passively mode-locked semiconductor laser is 

used as pump source, which can generate 1.4 ps and 

sech2-shaped short pulses. The laser output pulses are 

centered at 1 552 nm with average power of 0.26 mW at 

a repetition rate of 10 GHz. After passing through a po-

larization controller (PC), the pulses are amplified with 

an erbium-doped fiber amplifier (EDFA) and coupled 

into the PCF. The pulses coming out of the PCF are at-

tenuated using a variable optical attenuator (VOA) and 

fed into an optical spectrum analyser (OSA) for analysis. 

 

 

Fig.1 Schematic diagram of the experimental setup 

 

In this paper, we use an 80 m-long ANDi PCF for SC 

generation. The fiber supplied by NKT Photonics (Den-

mark) has a three-fold symmetric hybrid core region with 



                                                                                 Optoelectron. Lett. Vol.10 No.6 ·0464· 

core diameter of 2.1 µm, and achieves the nonlinear co-

efficient of ~11 W-1⋅km-1. The cross section of the fiber is 

shown in the inset of Fig.2. The dispersion curve of the 

fiber is also shown in Fig.2. It indicates that the PCF 

does not possess any ZDW and exhibits a convex disper-

sion profile which solely covers the normal dispersion 

region. The dispersion coefficient of the fiber is about 

–0.55 ps/(nm·km) at 1 552 nm, and the dispersion varia-

tion is less than 1.5 ps/(nm·km) between 1 500 nm and 

1 650 nm. 

 

 

Fig.2 Dispersion curve and cross-section image of 

the ANDi PCF used in the experiment 

 

In our experiments, we find that the output spectrum 

depends on the input polarization state, so we adjust the 

polarization controller to obtain the broadest spectrum. 

Fig.3 shows the typical measured spectra for various 

pump power. The average coupling powers into the fiber 

are 0.59 W, 1.03 W and 1.88 W, respectively. In order to 

better observe the evolution of spectra, we show the 

spectra in linear scale. Note that the spectral broadening 

is proportional to the input power, and a higher input 

power brings a broader spectrum. The most notable fea-

ture of the generated spectra is that the spectral broaden-

ing is accompanied by an oscillatory structure covering 

the spectrum range. Those features show a typical pattern 

of SPM-induced spectral broadening. The multipeak 

structure in the spectrum is created by the spectral inter-

ference of identical spectral components located at dif-

ferent temporal positions within the pulse. 

 

 

(a) 0.59 W 

 

(b) 1.03 W 

 

(c) 1.88 W 

Fig.3 Experimental SC spectra generated from the 

ANDi PCF with average coupling powers of (a) 0.59 W, 

(b) 1.03 W and (c) 1.88 W 

 

Interestingly, at the lowest power, long tails emerge 

from the pulse spectrum at both short and long wave-

length ends of the characteristic SPM fringes as shown in 

Fig.3(a). At the intermediate power, the tails develop into 

two well-defined sidelobes on either side of the 

SPM-extended spectrum region as shown in Fig.3(b). 

These spectral changes at both edges of the SPM fringes 

strongly suggest the occurrence of WB. At the highest 

power as shown in Fig.3(c), WB fully develops and the 

spectral extension of WB is maximized. It can be seen 

from Fig.3(c) that the SC spectrum spans from 1 445 nm 

to almost 1 640 nm which covers S-, C- and L-bands of 

optical communication. Because the pump wavelength 

deviates from the wavelength corresponding to the 

maximum of the dispersion curve, the broadening occurs 

asymmetrically. 

From the experimental results, we also note that at 

relatively low input power, the spectral broadening is 

dominated by SPM. Therefore, the achievable bandwidth 

of the spectrum solely depends on the amount of 

SPM-induced broadening. If the input power exceeds the 

WB limit, the spectral edges of the SPM-extended SC 

are further extended by WB. 

Furthermore, we numerically simulate the SC generation 

in the ANDi PCF by solving the nonlinear Schrödinger 

equation using the split-step Fourier method[13]. The simu-
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lated spectra and pulses output from the fiber at the three 

coupling powers used in the experiments are shown in 

Figs.4 and 5. The simulated spectra shown in Fig.4(a)–(c) 

are found to be in good agreement with the observed 

spectra shown in Fig.3(a)–(c). The origin of these tails or 

sidelobes can be clarified if the simulated SC pulses are 

presented in the time domain as shown in Fig.5(a)–(c). 

At the lowest coupling power of 0.59 W, the edges of the 

pulse experience pronounced steepening effect. This ef-

fect precedes WB, which is evidenced by the temporal 

oscillations immediately following the leading and trail-

ing edges of the pulse. 
 

 
(a) 0.59 W 

 
(b) 1.03 W 

 
(c) 1.88 W 

Fig.4 Theoretical SC spectra from the ANDi PCF at 

three coupling powers of (a) 0.59 W, (b) 1.03 W and (c) 

1.88 W 

 

These oscillations reflect the interference between two 

different frequency components of the pulse, which leads 

to the tails in the pulse spectrum through four-wave 

mixing (FWM)[13-15]. At elevated coupling power, the 

oscillations following the leading and trailing edges 

strengthen so that the tails develop into intense sidelobes. 

The simultaneous appearance of the temporal oscillations 

and spectral tail corresponding to either the trailing or 

leading pulse edge unambiguously confirms the occur-

rence of WB and the WB origin of the spectral tails or 

sidelobes. Temporal oscillations near pulse edges and the  

 

 
(a) 0.59 W 

 
(b) 1.03 W 

 
(c) 1.88 W 

Fig.5 Theoretical pulse profiles in time domain at 

three coupling powers of (a) 0.59 W, (b) 1.03 W and (c) 

1.88 W 

 

pectral sidelobes are the manifestations of the same phe-

nomenon. WB-induced FWM processes are not 

phase-matched. Therefore, the achievable bandwidth of 

the spectrum depends on the amount of SPM-induced 

broadening before WB occurs. The wider the separation 
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between SPM-generated components and the original 

center wavelength of the pulse at the point of WB, the 

broader the spectrum will be. Therefore, flat dispersion 

slopes, higher pump power or higher nonlinearity can 

enhance the spectral broadening. 

In summary, we demonstrate the broadband SC gen-

eration in 1.55 µm region by picosecond pulses propa-

gating in an 80 m-long ANDi PCF. An SC spectrum over 

the wavelength range from 1 445 nm to 1 640 nm is achieved. 

Furthermore, we perform the nonlinear Schrödinger equation 

based simulation to illustrate the SC generation dynamics. 

The experimental results are found to be in good agree-

ment with the numerical simulations. The SC generation 

process in ANDi PCF is dominated by SPM and WB. If 

the SC is generated beyond the WB limit by using a 

higher input power, the spectral edges of the SPM-ex-

tended SC are further extended by WB. 
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