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e Purpose of the work

e The Split-Step Method

e Split-Step and Four-Wave Mixing
e The uniform step-size distribution

e The logarithmic step-size distribution
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To reduce the simulation artifacts induced by the Split-Step method in
optical systems simulations.
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propagation in fiber optics can be schematically expressed as:

0&(z,T)
0z

= (L(T) + N(2)€(z,T)

where:

B2 0% | B3 O
D=0y o T s o

is a differential linear operator that accounts for the chromatic
dispersion and

N(z) = —a+ pyl€(2))*

/@uma loss.

~

The nonlinear Schrédinger equation (NLSE) governing the optical signal

(1)

(2)

(3)

is the non-linear operator including the effects of Kerr non-linearity and
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(The split-step method (SSM)]

Symmetric split-step method
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Asymmetric split-step method
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e « is the fiber loss;

gl e [ is the span length.
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Regarding FWM, the application of the SSM is equivalent to solve the

ﬁmw_#-mﬁm@ and four-wave memsmg

NLSE considering A3z’ as a constant over each step:

K-1
ABZ = M u(z' — S)) Az 1 AS
1=0

where S; = MUMQHH Az,.

The resulting FWM efficiency altered by the SSM in a fiber span of
length L, subdivided into K generic sections Azq, ..., Azk, is:

K—1 2

M ®|QDQMN+H®|MQMN AH . ®|MQDNN+HV

r _ |11=0
N =

AH L ®|MQDNN+H vw
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\ The uniform step-size (USSD)

Imposing Az; =AzVIi=1,...,K, yields:
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\ (A novel distribution]

The spurious FWM efliciency can be written as:

_ a—2a Az 1 [
.N§~ _ AH C NvmﬁleMUMuHH DN%W AUN — |>QM>N@ .

p=1

that is it can be seen as the squared magnitude of the sum of complex

numbers whose absolute values are M; and phases are ¢;.

Basic idea: to research a distribution of Az; such that M; = M VI and

/8 induce a sort of destructive interference.

~

that phases ¢; are the most randomly distributed over the link, in order
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@H?m logarithmic step-size AhmeL

Imposing that M; =M, Vi=1,..., K, we find:

DSHIPF L= [=1,..., K
200 1-(—-1)
where:
H|®|th
5 —
K
and:
1 Ap
M, = — =1.... K = 17— In(1 — =1..... K
l K Vi ’ %N QMQ HHA N%v ! ’ ’
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(A useful result)

We obtain the maximum suppression of the spurious peaks when the
phases ¢; are totally random. In order to describe this particular case,
we assume that the ¢; are statistically independent Gaussian random

variables, and evaluate the mean value of 7} s p:

1
mgwmmbw, — M

to 0, K tends to +00 and the asymptotic value of the FWM efficiency
tends to the true value (n;gqp = 0).

.

~

where K is the number of steps. Thus, when the simulation step tends
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The logarithmic step-size
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Uniform vs. logarithmic
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A WDM signal with channels carrying the same power P has been

~

ﬁmﬁm@-mmNm oromo&

considered. 1} ¢5p is supposed to be equal to the floor value 1/K,
independently of the frequency, to evaluate a worst case in terms of

spurious FWM level. The resulting total power of spurious FWM is:

m?wgwhwm&o% p3
K
where M is the number of generated FWM terms at the considered

Prwav =

frequency.

It is possible to set the number of steps K that makes the power Prw
of the spurious terms to be x dB below the carriers level, by imposing;:

P —x . 3 T
¥ < 107=/19) corresponding to K > MZWQ\MHWWMHOA /10
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(Results)

We applied the SSM, with LSSD and 20 dB of FWM suppression level,
to the preceeding scenario. Only 20 steps have been required, against
the 625 required to make all the spurious tones to fall outside By, and
the 125 steps required by the “10% accuracy” criterion introduced by
C. Francia in “Constant Step-Size Analysis in Numerical Simulation for
Correct Four-Wave-Mixing Power Evaluation in Optical Fiber

Transmission Systems”, IEEE Photonics Technology Letters, vol.11,
no.1, Jan. 1999, pp. 69-71.
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