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(Outline)

e Introduction.
e The origin of Parametric Gain (PG) and its system impact.

e Description of the Transfer Matrix analytical tool developed
for both dispersion regions.

e Phenomenon characteristics.

e Livaluation of the Q-parameter and optimization of the
dispersion map on a 6,000 km long link.

e Conclusions.

N k

Optical Communications Group - Politecnico di Torino




Parametric Gain on Dispersion Compensated Fiber Links

4 R

(Introduction]

e PG is caused by the interaction of fiber nonlinearities with
dispersion.

e PG induces a transfer of optical power from the signal to the
ASE noise, in both dispersion regions.

e In the anomalous dispersion region PG causes Modulation
Instability (MI).

e PG characteristics strongly depend on the dispersion map.

e PG can be detrimental in long-haul amplified systems.

N Y,

Optical Communications Group - Politecnico di Torino




Parametric Gain on Dispersion Compensated Fiber Links

\ TPSQJAFQ_ Formalism AE

Evolution of a CW signal with power Py together with the ASE noise
a(z,T).

U(z2,T)= ﬁ< Py + a(z, HL elmozty(woT—2nr)]

Substituting in the Schrodinger equation and neglecting the terms

containing |a|? we get the linear evolution equation of ASE noise:

Oa

9’3 QM @Hm — 7Poe 2% (a + a*)

We analyze in-phase and quadrature components of the ASE noise in the

spectral domain.

A, (z,Q)=F{Rela(z,T)]|} Ai(z, Q) =F{Imla(z,T)|}
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A, (z,Q)

mANv @v —

T11(2,Q) Ti2 (2,9
T51(2,Q) T2 (2,Q)

The solution has the following Transfer Matrix form:

T11)% + |Th2]?  Ti1To1 + Ti2Tso
T11To1 + T12Tes  |To1]? + |Too)?

where the T;,’s are expressed using Hankel’s functions.

~

Using the spectral theory for multi-dimensional noise ¢, we obtain the Noise
Gain Matrix after the action of PG.

@A. Papoulis, Probability, Random Variables, and Stochastic Processes, p. 329, 3rd edi-
/ﬁo? McGraw-Hill International Editions, New York, 1991.
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L = 50 km
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Parameters: CW power: 0 dBm, Fiber loss: a = 0.22 dB/km,
@:oﬁ. nonlinearity: v = 2 W—lkm™1. &
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Figure 1: In-phase and quadrature ASE noise gain spectra.

ésogw_osm dispersion. &

Optical Communications Group - Politecnico di Torino



Parametric Gain on Dispersion Compensated Fiber Links
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Figure 1: Simulated (dashed) and analytical (solid) in-phase
@bm quadrature ASE noise gain spectra. Anomalous %mwmamwobk
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Figure 2: Simulated (dashed) and analytical (solid) in-phase
@bm quadrature ASE noise gain spectra. Normal dispersion.
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EDFA # 1 EDFA # 2
NF =5 dB NF =5 dB

/_u:oﬁ. nonlinearity: v = 2 W—lkm™1.

Parameters: CW power: 0 dBm, Fiber loss:

Lc km

EDFA # Nc
NF=5dB

a = 0.22 dB/km,

v
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Figure 6: In-phase noise

no comp.

1052 Ng=1 ]

20 30
f-fy [GHz]

Gain [dB]

25
20
15

—h
ol O

Figure 7: Quadrature noise
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Figure 4: In-phase noise
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Figure 5: Quadrature noise
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TPSQ_:&SQ_ Evaluation of @-@E.EBQ@L

Optical Filter Photodetector Electric Filter

Bt E(0) j_mé_w vy B = T\ﬁ +ar(t) + ,B;& e’?
A

0 = M1 — Ho
Fabry-Perot filter Ideal device Bessel filter o1+ 0p
Bw =0.25 nm Bw =0.8 Rb GHz

e For transmitted “1”7’s PG effects on ASE noise are

analytically evaluated.

e For transmitted “0”’s linear propagation of ASE noise is

assumed.

e Distorsion of the signal is neglected.
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Q vs. Power - L=6,000 km - R,=2.5 Gbit/s |
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Figure 8: Anomalous dispersion
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Figure 9: Normal dispersion
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Q vs. Power - L=6,000 km - R,=10 Gbit/s
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Figure 10: Anomalous dispersion
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Figure 11: Normal dispersion
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(Conclusions]

In long-haul systems PG can be one of most important

limiting phenomena.

PG characteristics are determined by signal intensity and
fiber dispersion.

Dispersion map and power budget must be caretully
designed to reduce the impact of PG.

A new analytical tool for the evaluation of the impact of PG

has been derived.
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Figure 3: Noise gain curves obtained using the scalar model (dashed curve) and the vectorial
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/Bomor for in phase (a), quadrature (b) and orthogonal (c) components.
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