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ABSTRACT

This study is to obtain a better understanding of how to shape the pulse laser
spectrum by varying the material properties of the photonic crystal fiber (PCF). This
includes the ability to obtain spectral power in particular wavelength regions, and
obtaining a broad bandwidth.. Numerical modeling of the split step Adaptive Fourier
method has been used to solving a form of nonlinear Schrédinger equation, which
describes the propagation of pulses in PCF. It was investigated how the spectrum can
be controlled through dispersion property. The eectromagnetic wave that send from
IR laser diode source through the PCF to the observer. the optical properties of this
eectromagnetic wave, normalized power, intensity, dispersion, and group delay
dispersion will be studied for the input, output and observer laser pulse. The
compared of the different two materials of PCF (fused silica and Barium-fluoride
BaF2) that be used and studies.

Keywords: Fused silica crystal fiber, BaF2 crystal fiber, Observer, IR laser diode
source
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INTRODUCTION
he method relies on computing the solution in small steps and on taking into
account the linear and nonlinear steps separately. The linear step (dispersion)
can be made in either frequency or time domain, while the nonlinear step is
made in the time domain.

THEORETICAL BASICS

The method is widdy used for studying nonlinear pulse propagation in optical
fibers. The dectric fidd of a pulse linearly polarised along the x-axis and propagating
in the fundamental mode of an optical fiber can be written as[1]

Ey(r,t) = 2F (x, y)A(z, t)expli(Boz — wot)] D)

wherer =(x, y, 2), “x is the polarization unit vector, F(x, y) describes the transverse
field distribution, A(z, t) is the pulse envelope, and f,is the mode propagation
constant B(w) at the centre angular frequency w,of the pulse. E, is scaled to the actual

dectric fidd E [V/m] according toE, = Eeoan , Where ¢, is the vacuum

permittivity, c is the speed of light in vacuum, and n is the refractive index. This
ensures that the instantaneous optical power can be calculated as |A]? . The change in
pulse envelope A as the pulse propagates along the fiber axis z is described by the
generalized nonlinear Schrodinger equation.

04 _
9z
—MA+

2
Sz 22 [w — wol ™A + iy(w) [1+

w

2| F{az,T) [*7 R(T")IAC2, T — T)[2dT')
2

where F denotes the Fourier transform and A(z, o) is the Fourier transform of A(z,

D,

-w,
Wo

F{A(z,t)} = A(z,w) = fj;o A(z, t)explilw — wy)t] dt (3)

and the pulse envelope A(z, T) is considered in a retarded time frame( T=t- $,2)
moving with the group veocity 1/ 3, at the carrier frequency. The dispersion
coefficients 32,83 , . . . , are defined from the Taylor expansion of the mode
propagation constant B(w)[1]:

Bw) = By + B1lw — wy] + %,BZ[W — wol? +%,33[W 2] i O (/Y
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Where
B = Bu(wo) = (5k) (M=123,..) (5)

dwm
a(w) is the power attenuation coefficient. y(w) = nowy/[cAqrr(W)] is the
nonlinear parameter, where n, =26 x10"2° m?2/W is the nonlinear-index
coefficient for silica ,and Aeff is the effective core area, It is usually defined as: [1]

[ff:r;olF(x,y,w)Izdxdy]z
ﬂ_Jr;o|F(x,y,W)|4dxdy

Aerr(w) = (6)

the more general definition is best suited for the present work. R(t) is the Raman
response function [1,2]

R(@) = (1 — fr)8(t) + fr hg (7)

he(0) = E2 0(Mexp(—t/1))sin(e/1) ®)

175

where f;=0.18 is the fractional contribution

of the delayed Raman response, t;=12.2fsand t,=32fs. 8(t) is the Heaviside step
function and §(t) is the Dirac ddta function. There exists both a paralle and an
orthogonally polarised delayed Raman response [3], but the orthogonal component is
generally negligible [4, 5] and therefore usually not considered, which is also the
The factor [1+(w-w0)/w] in Eqg. (2) is responsible for sef- approach taken here.
steepening and is due to the intensity dependence of the group velocity [1]. The
propagation in Eq. (2) is often written in the time domain by neglecting the frequency
dependence of y, vy = y(®0), and @, @ = a(w,), and then Fourier transforming of Eq.

(2) using the Fourier transformation replacement property /ot < -ifo - ®0][1,2]:

0A , (M Bm 0™A , i 9 +00 ,
= =LA+ i T T+ iyw) [1+ 2] 4G T) 1 RIT)IAGT -
T)|2dT’ 9)
A _
Where 9 [D(W) + N(Z’W)]A (20)

Where D(o) is the dispersion operator given by:
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DW) =i Tiny 22 [w — wo]™ (11)
And N isthe nonlinear operator and is given by:

N(z, w)A = iy(w)F{A(z, T)|A(z, T)I?} (12)
The Pulse parameters
The Gaussian pulse can be written as:

TZ

AT) = \fpo exp (-~ 32 (13)
with pulse energy E given by

E= f::M(T)PdT = Vm PyTy = 1.06P,Trwum (14)

T, isthe half-width at 1/e-power, related to the power FWHM by

Tewnm = 2+/In2T, = 1.665T, (15)

An especially MATLAB package is designed to evaluate these parameters through
the simulation of equations (2 to 15).

RESULTS AND DISCUSSION

The split-step (Fourier) method is a pseudo-spectral numerical method used to solve
nonlinear partial differential equations like the nonlinear Schrodinger equation, and the
numerical results of the second order dispersion was shown in table (1)&(2), It shown
that the 2™ order dispersion inversdy proportional with wavelength. The same optical
property of the input pulse laser source for silica and Ba-fluoride photonic crystal fiber,
that have laser full width at half maximum (FWHM) pulsetime is 10 fs, and peak
power is 90 km/nJ, the spectrum will be 10 dB-width=11.4nm was shown in figure (1)
and (4). In figure (2)& (5) the pulse property in the observer, the normalized power in
the silica fiber have FWHM is 2.65*10Mfs & the FWHM in Ba-fluoride photonic
crystal fiber is 2.74*10M4, the dispersion in silica increases with increases waveength
while the dispersion in Ba-fluoride photonic crystal fiber decreases with increases the
wavelength, The 2™ order dispersion( GDD) of the silica is negative dispersion while
in the Ba-fluoride photonic crystal fiber is positive GDD, the spectrum in the silica
have 10B-width 11.4nm while in the Ba-fluoride photonic crystal fiber have 10dB-
width is 2.65*10Mnm. In figure (3)&(6) that shown output pulse property (the
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relation of normalized power with time(femtosecond) in silica photonic crystal fiber
the FWHM is 2.65*10"4fs while the FWHM in the Ba-fluoride photonic crystal fiber
is 2.74*10Mfs. the rdation between the dispersion and waveength, in silica the
dispersion increases with increases wavedength while the dispersion in Ba-fluoride
photonic crystal fiber decreases with increases the wavelength, The 2™ order
dispersion GDD of the silica is negative dispersion while in the Ba-fluoride photonic
crystal fiber is positive GDD, the spectrum in the silica have 10B-width -2.65nm while
in the Ba-fluoride photonic crystal fiber have 10dB-width is 10nm.

CONCLUSIONS

In this study we have applied Numerical modeling of the split step Adaptive Fourier
method to solve a form of nonlinear Schrodinger equation, this method is easy to
implement on a computer and one can easily introduce higher-order splitting formulae
to increase greatly the accuracy of split-step method. The dispersion in the BaF2 fiber
is less than the dispersion in silica fiber because the dispersion in BaF2 is decreases
with increases wavdength while the dispersion in silica increases with waveength.
The second order dispersion GDD in silica is negative while in BaF2 is positive.
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Table (1) the numerical result of wavelength and 2™
order dispersion GDD in silica

Wavelength rangein GDD(ps/km.nm)

(hm)

1300 -1.2313*10n7
1350 -3.1661* 10" 7
1400 -5.9804* 10" 7
1450 -8.267*10"7
1500 -1.1081*10"8
1550 -1.372*10"8
1600 -1.7414*10"8
1650 -2.7967*10"8
1700 -2.4098*10"8
1750 -2.7967*10"8
1800 -3.1661*10"8
1850 -3.5531*10"8
1900 -4.028*10"8
1950 -4.4853*10"8
2000 -5.01308*10"8

Table (2) the numerical result of wavelength and 2™
order dispersion GDD in Bafluoride
BaF2

Wavelength GDD(ps/km.nm)

rangein (nm)
1300 9.3159*10"7
1350 8.6168* 10" 7
1400 7.8442%10N7
1450 7.1452*10"7
1500 6.483*10"7
1550 5.7103*10"7
1600 4.9009*10"7
1650 4.2019*10"7
1700 3.6132*10"7
1750 2.951*10M7
1800 2.2887*10"7
1850 1.2278* 107
1900 5.2276*10"6
1950 -3.604* 10" 6
2000 -1.2064* 10" 7
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Figure (1) (A,B,C,D) input pulse property for silica photonic crystal fiber input
pulse property for silica photonic crystal fiber
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Figure(3) (A,B,C,D) output pulse property for silica photonic crystal fiber
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