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Solitons are ubiquitous. Since the first observation of 
soliton by J. S. Russell in the water of a shallow ca-
nal in 1834[1], numerous examples of solitons have been 
observed in various physical, chemical, and biological 
environments, all propagating without spreading out or 
breaking up. Solitons of electromagnetic waves were even 
identified in an absolute vacuum[2,3]. The technology of 
optical soliton generation has great value in the long-dis-
tance communication area and it has become the prefer-
able scheme of new generation of the rapid velocity and 
long distance[4]. The fascinating property of optical soli-
ton has been attracting increasing interest in many fields, 
with potential applications ranging from optical amplifi-
cation[5], pulse compressing[6,7], supercontinuum genera-
tion[7–9], passive mode-locked lasers[10] to optical switching 
and logical gating[11–13]. The phase of the soliton has been 
extensively investigated from the phase noise to phase 
statistical properties, which play a significant role in the 
optical high-speed communication system[14–16]. With the 
advantage of using a much higher group velocity disper-
sion (GVD) coefficient and nonlinear parameter g of the 
photonic crystal waveguide (PCW) compared with those 
of the optical fiber and nanowire waveguide[17–19], the op-
tical solitons can be generated as several millimeter-long 
PCW, which is the most important step in demonstrat-
ing soliton dynamics on-chip scale. Here, we have used 
PCW to generate flat temporal-phase distribution, which 
is important information of optical solitons.

The flat temporal-phase distribution indicates that 
the chirp caused by self-phase modulation (SPM) bal-
ance with that caused by GVD[20]. The effect of coupled 
pulse energy (Ep) on the phase of pulse propagating 
through PCW is analyzed by numerical simulation 
because the effect is significant, and the generation  

of flat temporal-phase distribution depends on the 
well-controlled coupled pulse energy, while other 
parameters are determined by the PCW sample. The 
flat degree of the output pulse phase was evaluated by 
calculating the root mean square (RMS) of the phase 
distribution.

The electromagnetic wave propagation is governed by 
nonlinear Schrödinger equation (NLSE) in the PCW. 
The NLSE is expressed as follows[20]
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The two-photon absorption (TPA) by 1.9-eV band gap 
of GaInP[2], which is much higher than the two-photon 
energy of the input pulse, can be suppressed, while the 
free-carrier absorption (FCA) can also be suppressed 
as a result of the relationship between the TPA coeffi-
cient with the FCA coefficient[21,22]. The pulse width, in 
this paper, is about 5 ps to several hundred femtosec-
onds, thus the parameters (w0T0)–1 and GR/T0 become 
so small that the last two terms in Eq. (1) can be ne-
glected[20]. When the third-order dispersion is neglected 
for the coefficient of third-order dispersion, b3 becomes 
much smaller than the GVD coefficient b2 for the PCW 
used in this paper[19]. The NLSE is simplified

	
β

α γ∂ ∂
+ + =

∂ ∂

2 22
2

A 1
2 2

i AA i A A
z t

.� (2)

The numerical simulation is based on the NLSE, above 
which is solved by split-step Fourier method using 
a 1.551-µm wavelength and 5-ps width input pulse 
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compressed through the short PCW, and the compres-
sion of pulse width is important when the coupled pulse 
energy increases to 30 pJ and the RMS of output pulse 
phase decreases to 0.0095 synchronously. Very small 
phase distribution RMS helps generate a flat temporal 
phase pulse, which indicates the balance between the 
SPM and the GVD. The RMS increases with increase 
in the coupled pulse energy more than 30 pJ, though 
the output pulse width is still 418 fs with the unbal-
ance of the chirps due to SPM and GVD. A significant 
RMS with 20 pJ coupled pulse energy results from the 
sharp variety at the pulse edge, which can be observed 
in Figs. 1 and 2. 

In conclusion, a flat temporal-phase distribution 
pulse is generated by 1.3-mm-long PCW. The intensity 
and the phase of the output pulse are analyzed by nu-
merical simulation by varying the coupled pulse energy 
(Ep). The RMS of the output pulse phase decreases to 
0.0095 with optimum Ep, which is about 30 pJ, and 
the output pulse width is 418 fs, which is the narrowest 
among different cases. The generation of a flat tem-
poral-phase distribution pulse on-chip scale results in 
potential applications in pulse compression, pulse shap-
ing, optical communication and other nonlinear optical 
application fields.
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