Method of compensating cross phase
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A novel technique for compensating crosstalk in wavelength division
multiplexed systems due to cross phase modulation is demonstrated
experimentally, using phase prechirp of an interfering channel.
Residual crosstalk levels as low as 10% of the uncompensated value
are obtained.

Introduction: The use of wavelength division multiplexing (WDM)
and optical amplification as a method of increasing the information
capacity and/or reach in optical fibre systems has led to significant
propagation impairments owing to fibre nonlinearity Important
nonlinear effects causing inter-channel crosstalk in WDM systems
are four wave mixing (FWM) and cross phase modulation (XPM).

FWM can be managed by increasing the system dispersion or by
using unequal channel spacing Neither of these approaches,
however, decreases the system impairment due to XPM We
demonstrate a novel technique which can compensate for XPM by
prechirping the signal channel with a filtered version of an interfer-
ing WDM channel at the transmitter.

Theory: The power modulation spectrum, p,(€,0), in channel k gen-
erates phase modulation in the signal channel j, by the fibre nonline-
arity. This is then converted to amplitude modulation by the fibre
chromatic dispersion, B". The effect of group delay walk-off between
the signal and interfering WDM channel causes a low pass filtering
effect on the XPM. The electric field transfer function is given by
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and K is a nonlinearity factor, A\ is the channel spacing, D is the dis-
persion and a is the fibre attenuation.

The walk-off induced lowpass filter is a simple single pole
response. For this XPM precompensation scheme, the prechirp sig-
nal must be lowpass filtered by a single pole electrical filter. If the
sign of walk-off (t,) is positive, the impulse response is causal. How-
ever, if the sign is negative, the impulse response is non-causal, i.e.
the crosstalk signal appears in time before the interfering edge
arrives. This is important in the design of the low pass filter for XPM
compensation, to achieve the correct phase, as well as amplitude,
response.
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Fig. 1 Experimental setup for XPM compensation

Experimental setup: The experimental setup implemented to demon-
strate XPM compensation for a two channel WDM transmitter is
shown in Fig. 1. For this measurement, the signal channel was oper-
ated in CW mode, so that the only modulation on this channel at the
receiving oscilloscope was due to XPM from the interfering channel.
The fibre used for XPM generation was negative dispersion non-zero
dispersion shifted fibre (NZ-DSF) with dispersion = -0.3ps/nm.km.
A section of dispersion compensating fibre (DCF) was also included
to increase the PM to AM conversion rate, and hence SNR, of the
measurement. The mean power in the interfering channel was
+12dBm.

Results: In terms of XPM, and its compensation, there are two dif-
ferent dispersion regimes for NZ-DSF. For the low walk-off regime
(Ito] < 30ps @ 10Ghit/s), the interfering channel does not require
low pass filtering before connection to the phase modulator. This is
because the pole frequency of the XPM filtering (= 1/2 Tty,) is higher
than the information bandwidth. For the medium walk-off regime
(Ito] > 30ps @ 10Ghit/s), the pole frequency is < 5GHz and filtering
of the prechirp signal is necessary.
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Fig. 2 XPM compensation on low walk-off NZ-DSF fibre

a Modulated channel bit sequence

b Compensated XPM on CW channel
uncompensated

compensated

The 64 bit NRZ sequence applied to the modulated channel is
shown in Fig. 2a. The resulting XPM crosstalk is shown in Fig. 2b. It
can be seen that the XPM-induced crosstalk looks like a double dif-
ferentiation of the interfering data sequence, as is expected in the low
walk-off regime. The path lengths for both WDM channels were
matched using accurate RF cable lengths. The amplitude of the
applied prechirp signal was optimised to match the phase shift in
fibre, as shown in Fig. 3. The amplitude of residual XPM crosstalk
after precompensation was 10% of its uncompensated value.
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Fig. 3 Measured sensitivity of XPM compensation to phase modulator
drive voltage

A 4 tap delay line filter, with 50ps tap delays, was also designed
and built for compensation in the medium walk-off regime (A =
3.2nm; D = -1ps/nm.km; 1, = —67ps; XPM pole frequency =
2.4GHz). This filter was designed to compensate for negative walk-
off (i.e. non-causal impulse response), which necessitated a transver-
sal design. The measured S21 magnitude and group delay responses
of this filter are shown in Fig. 4a and b, respectively. It can be seen
that the magnitude and group delay response is reasonably good up
to 8GHez. It can also be seen from Fig. 4b that, with the correct abso-
lute delay, the response mimics a non-causal response (low fre-
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gquency components arriving at an earlier time than high frequency
components).
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Fig. 4 FIR tapped delay line filter response

a S21 magnitude

b S21 group delay
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The residual XPM crosstalk was 30% of its uncompensated value
with this precompensation. This would be improved further by
increasing the number of taps.

Conclusions: A method has been experimentally demonstrated for
compensating for XPM in WDM transmission systems using inter-
fering channel phase prechirp at the transmitter. For a two channel
WDM system operating at 10Gbit/s over low dispersion NZ-DSF,
the amplitude of residual XPM crosstalk with precompensation was
10% of its uncompensated value. In the medium walk-off regime,
residual XPM crosstalk after precompensation was 30% of its
uncompensated value, using transversal low-pass filtering of the
prechirp.

© IEE 1998 26 June 1998

Electronics Letters Online No: 19980068

R.A. Saunders, R. Hui and M. O’Sullivan (Nortel, 1285 Baseline Road,
SKYLINE, Ottawa, Ontario, K2C 0A7, Canada)

E-mail: ras@nortel.ca

A. Robinson and D. Garthe (Nortel, London Road, Harlow, Essex, CM1
9NA, United Kingdom)

References

1 AcGrRAwAL, G.P.. ‘Nonlinear fiber optics’ (Academic Press Inc.,
Boston, 1995)

2 TKACH,RW, CHRAPLYVY,AR., FORGHIERI,F, GNAUCK,AH. and
DEROSIER, R.M.. ‘Four-photon mixing and high-speed WDM
systems’, IEEE J. Lightwave Technol., 1995, 13, (5), pp. 841-849

3 KIKUCHI, N, SEKINE, K., and sAsAkl,s.: ‘Analysis of cross-phase
modulation effect on IM/DD WDM transmission performance’.
ECOC '96, Oslo, September 1996, Paper WeP.30

4 CHIANG, TK., KAGI, N., MARHIC, M.E., and KAZOVsKY, L.G.: ‘Cross-phase
modulation in fiber links with multiple optical amplifiers and
dispersion compensators’, IEEE J. Lightwave Technol., 1996, 14, (3),
pp. 249-259

5 SAUNDERS, R.A., PATEL, B.L., HARVEY, H.J, and ROBINSON, A.; ‘Impact of
cross-phase modulation for WDM systems over positive and negative
dispersion NZ-DSF and methods for its suppression’, Electron. Lett.,
1996, 32, (24), pp. 2206-2207

ELECTRONICS LETTERS 3rd September 1998 Vol. 34 No. 18

Downloaded 03 Jan 2008 to 129.237.120.39. Redistribution subject to IET licence or copyright; see http://ietdl.org/copyright.jsp



	Introduction
	Theory
	Experimental setup
	Results
	Conclusions
	References

