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Abstract We explore the optical properties of a proposed solid-core photonic
quasi-crystal fiber (SC-PQF) of 10-fold for the wavelengths from 300 to 1100 nm.
The proposed SC-PQF exhibits a admissible low dispersion of −8.6481 ps2/km, a
third order dispersion of 0.00415 ps3/km and a large nonlinearity of
1684 W−1 km−1 at 450 nm, which turn out to be the desired optical properties for
generating the few-cycle laser pulses. By exploiting these optical properties, we
numerically demonstrate the generation of few-cycle laser pulses at 450 nm
wavelength by means of higher-order soliton effect compression.

1 Introduction

In recent years, there has been a considerable interest for generating laser pulses
comprising a less number of field oscillations called few-cycle laser pulses at dif-
ferent wavelengths. Few-cycle pulses in the femtosecond range are highly useful in
the development of femtosecond laser technology. It should be emphasized that
these few-cycle pulses help probe the dynamics of electrons in the matter. It is
anticipated that the attosecond laser technology shall led to attoelectronics [1].
Thus, the high-intensity few-cycle laser pulses are at the forefront of the recent
research in the ultrafast laser physics.
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In general, fiber-based pulse compression techniques are smartly used for gen-
erating the few-cycle laser pulses. In recent years, the generation of few and single
cycle pulses in highly nonlinear photonic crystal fibers (PCFs) has been numerically
studied using soliton effect pulse compression [2–4]. More recently, the higher
order soliton pulse compression technique has been deployed in a waveguide [5–7].
It is demonstrated that the optical properties of PCFs could be engineered by
varying the structural parameters such as pitch and diameter of the air-holes.
Nonetheless, it is highly difficult to study the optical properties in PCFs for a wide
range of wavelengths [8]. The recent invention of a special fiber known as photonic
quasi-crystal fiber (PQF) which has the ability to surpass the limitations of the
PCFs. For the first time, Kim et al. [9] have proposed the idea of PQF which
exhibits the unique optical properties. It is reported that PQF provides interesting
optical characteristics such as a scalable dispersion, a low confinement loss, a large
nonlinearity and a maximum cut off ratio that can help sustain single mode con-
dition [10].

2 Geometric Design of SC-PQF

Figure 1 depicts the 2D geometrical structure of the 10-fold SC-PQF. The perfectly
matched layer is designed for calculating the confinement loss. The 10-fold
SC-PQF design has the basis of penrose quasi-crystal structure [11]. Here, the
diameter of the air hole, d, is chosen as 0.9 µm and pitch, K, the distance between
the two air holes as 1.5 µm. The perfectly matched layer is designed for calculating
the confinement loss. We calculate the effective refractive index (neff) for computing
the waveguiding properties for the wavelengths from 300 to 1100 nm.

Fig. 1 Geometrical structure
of the proposed SC-PQF
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3 Optical Properties of SC-PQF

Here, we aim at achieving desired optical properties, namely, single mode condi-
tion, confinement loss, second order dispersion, third order dispersion and non-
linearity. Hence, we first calculate the effective refractive index (neff) for the
proposed SC-PQF.

3.1 Dispersion

Having computed the effective index, we next compute the second derivative of the
real part of effective refractive index of the fundamental mode for calculating
dispersion. Figure 2 illustrates the variation of group velocity dispersion
(GVD) over a range of wavelengths from 300 to 1100 nm. We find that the pro-
posed fiber exhibits both anomalous and normal GVD. In Fig. 2, one can observe
anomalous GVD from 300 to 930 nm and normal GVD from 940 to 1100 nm. We
have been able to achieve a less GVD of −8.6481 ps2/km at 940 nm wavelength for
the proposed SC-PQF. This optical property turns out to be one of crucial
requirements for generating few-cycle pulses.

Fig. 2 GVD and TOD as a function of wavelength
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3.2 Effective Area and Nonlinearity

In this section, we intend computing the nonlinearity by calculating effective area.
Hence, we compute the effective mode field area by calculating the effective
refractive index of fundamental mode. We obtain a large nonlinearity of
1684 W−1 km−1 with effective mode field area of 2.65226 µm2 at 450 nm wave-
length. Figure 3 illustrates the variation of nonlinearity with respect to wavelength.
It is observed that the effective area of the fundamental mode increases as and when
the wavelength is increased. On the other hand, the nonlinearity shows the opposite
trend with wavelength. It is because the mode confinement becomes tight at lower
wavelengths and vice versa.

4 Pulse Compression Using SC-PQF

By exploiting the above discussed optical properties, in this section, we delineate
the generation of few-cycle pulses at various wavelengths using higher-order soliton
pulse compression technique. It is well demonstrated that the fundamental optical
soliton is a light pulse which is generated when the chirp produced by the
anomalous dispersion gets dynamically balanced by the chirp introduced by the
self-phase modulation. The temporal shape of this fundamental soliton does not
change during the course of propagation. However, the temporal shape of the
higher-order soliton does change, i.e., it undergoes periodic compression and
broadening of its temporal width during the propagation [12]. Thus, the compres-
sion can easily be achieved by finding an optimum length of the fiber.

Here, the split-step Fourier method is employed for solving the HNLSE
numerically. The HNLSE is given by [13],

Fig. 3 Nonlinearity as a
function of wavelength
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where A is the slowly varying amplitude of the pulse envelope, z is the distance, T is
the time, b2 and b3 are second-order and third-order dispersions, respectively, c is
the nonlinear coefficient and TR is the response time due to Raman effect. We
consider the following chirp-free hyperbolic secant pulse as an input,
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sec h
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where P0 and T0 are the peak power and the input soliton duration, respectively.
An hyperbolic secant pulse Að0; TÞ is propagated into the fiber with b2 =
−8.6481 ps2/km, c = 1684 W−1 km−1. The width of input pulse is 15 fs. Figure 4a,
b depicts the compression of an input pulse of width 15 fs at 450 nm wavelength
using a SC-PQF. The joint action of retarded optical nonlinearity and dispersion can
also suppress oscillations on the temporal envelope of high-intensity femtosecond
light pulses in the proposed SC-PQF.

Figure 4a explains the number of oscillations of the input pulse of 5.34 cycles.
Figure 4b represents the output pulse which consists of 1.4 cycles with less than
4 fs at 450 nm.

Fig. 4 a Input and b output pulses encompassing field oscillations at 450 nm wavelength
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5 Conclusion

The waveguiding properties of a SC-PQF with a solid-core have been investigated.
It has been found that the proposed SC-PQF exhibits the desired optical properties
over a wide range of wavelengths from 300 to 1100 nm. Further, we have achieved
a low dispersion (b2 = –8.6481 ps2/m) and an enhanced nonlinearity
(c = 1684 W−1 m−1) at 450 nm wavelength. The soliton effect compression of the
femtosecond pulses in the proposed SC-PQF at 450 nm wavelength has also been
numerically studied. The crux of the work lies in a 15 fs pulse having been com-
pressed to 4 fs encompassing 1.4 cycles of pulse generation. We are of the opinion
that the reported fiber could be used for the generation of supercontinuum.
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