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Simulation of a Chromatic Dispersion Monitoring Scheme Using an Optical
Delay-and-Add Filter and a BER Analyser

Vitor Ribeiro, Mario Lima, Anténio Teixeira, RogérNogueira, Diana Fidalgo

Resumo — E proposto um novo método de pés-deteccdo de
dispersao, baseado num esquema previamente
implementado, e que utiliza adicionalmente um mediat de
taxa de erros (BER), que permite o alrgamento da jeala de
monitorizagdo. O método de monitorizacéo foi testaw com
velocidades de transmisséo até 40 Gbit/s. Demonairder
janelas de monitorizacdo de pelo menos + 300 ps/nassim
como a capacidade de se adaptar a diferentes fornaat de
modulac¢do, desde que tenham um espectro simétric@
método demonstrou também elevada sensibilidade (1Bd
(ps/nm)).

Abstract - A new postdetection method of dispersion is
proposed, based on a scheme previously implementeahd
that additionally uses a Bit Error Rate (BER) analyse,
which allows the extending of the monitoring windw. The
monitoring method was tested with transmission rate of up
to 40 Ghit/s. It showed monitoring windows of at last + 300
ps / nm, as well as the ability to adapt to diffenet modulation
formats, with symmetrical spectrum. The method also
allowed high sensitivity (1 dB/( ps/nm)).

|. INTRODUCTION

Chromatic dispersion (GVD) is one of the major
limitations in optical transmission links, due thet
imposed maximum optical fibre length for a consadlr
bit rate. Chromatic dispersion monitoring techngbave
been widely studied in recent years.

Some of these techniques are based on monitoritigeof
magnitude of AM pilot tones [1], non-linear effedts
highly nonlinear fibre [3][5], phase-shift deteatid2],
two-photon absorption [4], among other. With these
techniques it was possible to measure a GVD raffige o
150 ps/nm, for transmission rates up to 40 Ghiifanges
in temperature, fibre stretching, can produce dtema
changes of chromatic dispersion in long transmissio
links, such as transatlantic optical links. Forsthéason
larger monitoring windows are therefore essental t
reduce the costs of transmission in optical fitmesigh
transmission rates and to allow the viability oflslinks.

In this paper we propose a method that can extieisd t
value to at least + 300 ps/nm, by monitoring théaQor,
in all minimum points of the AM pilot tone magnitd
(depicted in Fig. 2 and 3), using a optical delag-&dd
Filter (DAF) and a BER analyser (schematic in Fig.1
Larger monitoring windows are also possible. Siriafa
results showed that for 10 fibre trunks of 50 krashe
completing 500 km, using in-line amplifiers withigaf
10 dB the method still working. We get an erroatiekly
to the expected value of dispersion of 7 ps/nms Tieans
that the simulated monitoring window extends toatug
larger than 7500 ps/nm at 40 Gbit/s, keeping high
resolution.

This method is based in the schematic proposdd]by
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Fig. 1 Complete monitoring scheme based on [1]itexhélly we use a BER analyser to extend the nooimg window.
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According to [1] the expression that
dispersion with the amplitude of one pilot tone (be
magnitude of the clock component for XRZ modulasion
in the constructive port of the DAF, whem=r1,

(7 :i), is as follows:
2f,

2
1 [ M°DL (1
PAM DAF — E I:QF)omK ? S”{T) fp2 RL )

whereR is the responsivity of the photodetectey, is the
average received optical power,is the modulation index

of the AM modulator,K =% is the transmittance of the
2

DAF, A is the wavelengthDL is the total residual

dispersion,c is the speed of light in vacuunt,, is the

frequency of the pilot tone or, for XRZ modulationise
frequency of the clock/AM pilot tone componerR, is

the load resistance of the optical receiver aigdthe delay
parameter of a Mach-Zender interferometer.
Theoretically, for A=1550m and f,=40 GHz the

power variation associated to the pilot tone, dgnation
of the residual dispersion DL, is as depicted im.Fi
2.
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Fig. 2 Power amplitude of the clock/pilot tone campnt vs dispersion

Simulation results (Fig.3) comproove that periagici
with period T given by:
c.10°

= W (ps/nm) (2)

relates the

ELECTRONICA ETELECOMUNICAGOES VOL. 5,N° 1, JUNHO 2009

oo
T
I

P ANLDAF (W)
L

>
>
—

-150 -0 {50 00 Rl 0 il 100 150

Residual dispersion(ps/mm)

Fig. 3 Simulation results relating dispersion wAtll pilot tone power
amplitude

The monitoring window in predetection and

postdetection methods , using AM Pilot tones, ighimi
s

5 and n as can be seen in Figs 4 a) and b),

respectively, which is approximately39ps/nm for
A =1550 nm andf ;=40 GHz in silica fibre.
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Fig. 5 Q factor versus dispersion
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To accomplish the goal of extending the monitoring
window we substituted the equation (1) for the ¢igna

3):
Si{ﬂ)fpzmﬂ
C

wheren is a negative or positive integer.
If we solve the equation for DL, we get equatiop (4

2

R ®

1
Pav ,oar :E RPomK2

olc (4)
°DLf )

The variation of Q with the dispersion is showrFig. 5.
When the residual dispersion is zero the Q facanear
maximum, so we can use that information, torgealue,
corresponding to the right value of residual disfmer. We
do this using the flowchart of Fig. 6.
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Fig. 6 Flowchart

Il. PREDETECTION AND POSTDETECTION METHODS BASED
ONAM PILOT TONES WITH AND WITHOUTDAF

It is well known that there is a variation on thagnitude
of an AM pilot tone, with dispersion. This is besau
dispersion causes a time delay, between the upper a
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lower sidebands of the AM pilot tone, causing
consequently a phase change. In a predetectiomsctie
magnitude of the AM pilot tone is measured, to rtami
the residual dispersion, while in a postdetectiohesne,
when the magnitude of the AM pilot tone is zere #ero
fibre dispersion is detected.

In a predetection scheme the magnitude of an Aldt pil
tone is related to residual dispersion by the feiiy
equation [1]:

2
Pau =% RPOrr{co{m DL)fpzj
C

The predetection schemes have the disadvantage, tha
when the residual dispersion is small, the AM pttme
remains nearly constant and as a result it is sacggo
increase the frequency of the pilot tone to inceet®e
resolution [1].

To solve this problem we use the scheme in [1haisi
Mach-Zender interferometer, as a DAF. We add ta tha
scheme a BER analyser, as shown in Fig.6, to extead
monitoring window, by measuring the Q factor, in al
minimum points of the AM pilot tone magnitude.

Fig. 1 shows the complete monitoring scheme.

The frequency response at the constructive porthef
DAF is written as follows[1]:

2

®)

R

. i _in . 6
H. (f) =|H, (f)[ei® :%(e‘lz”’l +1) ©
The main idea of this method is to let the phase
difference between the two pilot tone sidebanda bas

shown in Fig. 7.
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Fig. 7 Optical amplitude and phase responses dila & its
constructive port. The electric field spectrumlsalepicted [1].

When this occurs, the two sidebands cancel eacdr oth
which means that we have zero fibre dispersion.tiero
objective that comes from the use of a DAF, isiréase
the resolution sensitivity. This means that eveemthere
is only a small amount of residual dispersion the
magnitude of the pilot tone will change signifidgntTo
fulfil these goals we need two conditions to bdas§iad

[1]:
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1 Average sensitivity = (maximum AM pilot tone power
DT=10 Tof minimum AM pilot power)/ (T/2)= 1 dB/ (ps/nm). This
P (7 result demonstrates high sensitivity, which is imaot
2) o= 2n-1 n=positive integer, where, is the for high bit rates.

carrier frequency.

Ill. RESULTS
Table 1 Expected and measured values of residsiaédiion for
Fig.8 shows the results of the dispersion monitprin different bit rates
scheme presented in Fig. 1, for three different
wavelengths, when the bit rate is 40 Gbit/s Bit Rate Expected Measured
) - (GBit/s) dispersion Dispersion
;a R (ps/nm) (ps/nm)
a0 1 180 185.6
3 180 191
Zoe 5 180 179.12
e 5 8 180 179.64
N 10 180 178.06
om0 m ;40300‘”-‘200 Wm0 W m A 15 180 179.12
Expected digpersion(ps/um) ' Expected digpersion(ps/um) 20 180 179.12
25 180 179.6
e 30 180 179.12
ol 35 180 179.12
i 40 180 179.64

0

IV. CONCLUSIONS

Measured dispersion {ps/min)

4030033‘_32050‘“_‘10*0‘ : “166”‘266111300 The proposed monitoring method, demonstrated alarg
Bapected dispersion(ps/um) monitoring window in the order a300ps/ nm, and for
Fig. 8 Simulation results of the measured vs exgersidual dispersion diﬁerent[ Wayelengths, at a bit ratfe of 40 Gbit/arger
for three different wavelengths. monitoring windows are also possible. The methadlua

used with any modulation format with symmetrical

As can be seen the monitoring scheme matches vengpectrum. The monitoring method showed that it is
accurately the measured residual dispersion with th Mmultirate tunable, i.e., for different values of tates, the
expected one. method continued to match expected and measured
Although not shown, this method can be used irectfit ~ residual dispersion values. The method also shdvighl
modulation formats, such as RZ, NRZ (both tested) an Sensitivity.

according to [1], in all modulation formats, with

symmetrical spectrum (CSRZ, RZ-DPSK, CSRZ - DPSK, V. ACKNOWLEDGMENTS

etc.). In these cases instead of measuring the itndgrof

the AM pilot tone we measure the magnitude of tioelc MOTION (PTDC/EEA-TEL/73529/2006) FCT project is
componentf., at the constructive port of the DAF. acknowledged.

Table 1 shows that the method is multirate tuneable
matching very accurately the expected dispersiah thie
measured one, for different bit rate values. T the bit
rate, we just need to adjudt in the Variable Dispersion

Compensator (VDC) algorithm, as suggested in the
flowchart of Fig.6. 2]
To test the resolution of the monitoring scheme the
following measuring conditions were used: bit ratpial

to 40 Gbit/s, transmission wavelength equal to 1660

an optical fibre of 20 km and a FBG tuneable disjoer
compensator. The power of the laser was 0 dBm. The
format used was RZ modulation.
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