3rd International Conference on Electrical & Computer Engineering

ICECE 2004, 28-30 December 2004, Dhaka, Bangladesh

CROSSTALK LIMITATION OF A WDM SYSTEM DUE TO
OPTICAL CROSS-CONNECT (OXC)

S. P. Majumder, Syeda Faria Mahmud and Md. Hossam-e-Haider*

Department of Electrical and Electronic Engineering,
Bangladesh University of Engineering and Technology, Dhaka — 1000

*Department of Electrical Electronic and Communication Engineering,
Military Institute of Science and Technology,
Mirpur Cantonment, Dhaka-1216
E-mail: fariamahmud2004@yahoo.com
spmajumder2004@eee.buet.ac.bd

ABSTRACT

Performance analysis is carried out to evaluate the
bit error rate (BER) performance limitation of a
WDM transmission system imposed by crosstalk
due to optical cross-connect (OXC). Power penalty
evaluated at a BER of 10° shows that there is a
significant impact of crosstalk on the number of
wavelengths that can be connected to the OXC.
Penalty is higher at higher input power and higher
number of wavelengths in a fiber. For a 2 dB
penalty, the allowable input power is less than —15
dBm at a BER of 10, when the number of fiber is 2
and the number of wavelength is 4.

1. INTRODUCTION

The advent of Wavelength Division Multiplexing
(WDM) has led to a virtual revolution in designing
optical systems. This is a technique to increase the
information capacity of a fiber by transmitting a
number of optical signals of different wavelengths
simultaneously over the same fiber. This is intended
to utilize the vast bandwidth of a fiber, since an
optical source only uses a smal portion of the
bandwidth. WDM networks are very promising not
only due to their large bandwidth but also due to the
flexibility and possibility of upgrading the existing
optical fiber networksto WDM networks.

Optical cross-connect (OXC) is an essential  element
in a WDM optica network. OXC offers routing
flexibility and transport capacity to WDM networks.
While cross-connecting wavelengths from input to
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output fibers, OXC introduces crosstalk. Crosstalk is
one of the basic criteria that characterizes the
performance of a WDM network. High crosstalk in
an optical cross-connect (OXC) has so far prevented
commercial use of al opticad OXC in WDM
networks.

Since crosstalk is a major limiting factor to the
implementation of optical cross-connect in WDM
systems, in this paper, different crosstalk sources in
OXC are identified and quantified by the analytical
equation. Afterwards for a particular system, with a
specific Bit Error Rate (BER), the amount of power
penalty as a function of the component parameters
of the OXC is evaluated.

2. SYSTEM DESCRIPTION

The configuration of wavelength division
multiplexing optica cross-connect under
consideration is shown in Figl. At the cross-connect,
each fiber carries wavelength channels Ay, Az,....Am.
Given that N is the number of input fiber and M is
the number of wavelengths, there are atotal of NxM
wavelength channels. All the different wavelengths
from all the incoming fiber links are demultiplexed,
passively rearranged, remultiplexed and transmitted
to the appropriate destinations via NM x NM space
switch. The channel signal under consideration is
taken from the transmitter and multiplexed with other
channels and coupled to the transmitting fiber. The
output of the fiber is passed to an OXC. The output
of the OXC is passed to the outgoing fiber from
which the desired channel is demultiplexed and
dropped to the receiver.
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Fig. 1 Optical Network based on space switch

3. SYSTEM ANALYSIS

The analytical equations for the OXC topologies
are illustrated in this section. In the equations the
signal power is defined by P;, where i designates the
wavelength channel and j the number of the fiber.
The fiber which contain the channel under study is
indicated by j,, the wavelength under study by i,.
Hence the input power of the channel under study is
defined by P;;/° and the output power is defined by
P;o®" with crosstalk contributions added (assume all

wavelength channels carry bit 1) and is given by:
N-2

Pt =Pl +P, [Xou(N-1)]-2P}, [X,, >, {]-

=
PRI X X N 1)+
JX (N=D+ /X, X (M-1)N +
VX e X deme M-DF X X 0 X e (M-1)(NM-
N-DJ-2P L X X e NON-D(M-1)+ Xy i/ X 0
NN-DM-1)+ \J X, X X e (M-D(N-1)] (1)

where X, is the crosstalk of the switch matrix and is
defined as the fraction of the input power routed to
other outputs. X gemux aNd X mux are the crosstalk of the
demultiplexer and the multiplexer and are aso
defined as transmission factors (<1). PJ is the
wavelength channel power at another fiber j that

carries a wavelength i,. Let P2 is the output of
wavelength channel i, when the OXC is carrying
only wavelength channel i, (such as when there is no
crosstalk). Then the crosstalk is defined as-

out(ref) __ Pout

Crosstalk = —¢———°L_
poutrel)
io

2
Equation (1) is valid under assumption that all
wavelength channels including wavelength channel
i, carries bit 1. Since wavelength channel i, may
carry bit 1 or bit 0 at any instant of time, (1) has to
be modified. If wavelength channel i, carries bit 0,
(1) reduces to:

N=2
P10 =P 7 [XoW(N-1)]-2P [Xy, > tl-
t=1

2P lfo [Xswal X gome NAN-DM-1)+Xw /X . N(N-

DM+ X, X, X, MDD ()
Pi:))ut(ref) — 0 (4)

The crosstalk model for OXC is used to derive bit
error rate (BER) for the transmission link
considering the detector shot noise and receiver
noise. The BER can be expressed by:

160



1 i1+icro_i1) 1 iD_iO_iCTO
erfc| .=—"""—= |+erfe| =——"—> |+
[I 2

1 2 [ Oy o
BERHW‘.;/(:Me = g
1 i] +iCT1 _iD 1 iD _io _iCTl
erfc| —=————= |terfc| —=——""—
f [ 5 o, fc 5 o)
| 5)
where, ip is the threshold current defined by :
(04 10y + 0, i)
iy =~ (©)

(0_071 +O_171)

01702 is the noise variance when signal bit 1 is
interfered by crosstalk due to bit 0, 00702 is the noise
variance when signal bit 0 is interfered by crosstalk
due to bit 0, 01712 is the noise variance when signal
bit 1 is interfered by crosstalk due to bit 1 and o, ;>
is the noise variance when signal bit 0 is interfered
by crosstalk due to bit 1. The variances of the
different noise sources are given by:

61270 :O_; +2eR, (P +P, + Perg)B (7
(71271 = O'; +2eR, (P + Psp +FP.p)B (®

0571 = (731 +2eR,(P, + Fer)B ©)
Oy ¢ =0, +2eR, (P, +Ppy)B (10)
52 = AKTB a1

RL
i, =2R,P, (12)
i,=0 (13)

oy’ is power of thermal noise, e is electronic charge,
R; is the receiver front-end load, R, is the receiver
responsivity, B is the bandwidth of the filter (at
10GHz for this paper), Ps is the signal power. i; is
the photocurrent for transmitted bit 1, iy is the
photocurrent for transmitted bit 0, with Ps assumed
to be zero. The spontaneous emission power is given
as:

P, =hfn,(G-1)B (14)

where, h is the Plank’s constant, f is the carrier
frequency at wavelength A=1.55um, mng, is the
spontaneous emission factor, G is the optical
amplifier gain.

If Pcr; represents the crosstalk power due to bit 1,
and Pcpy is the crosstalk power due to bit 0, then the
corresponding crosstalk currents are given by:

Peo = —PiZS” (15)
Poy = Pi:m ) — P,-fﬁ” (16)

iery = Ry Pery

=R, Fery

(17
(18)

Lero

4. RESULTSAND DISCUSSION

Following the analytical formulation presented in
section 3, we evaluate the bit error rate performance
of a WDM transmission system, taking into account
the effect of optical WDM MUX/ Demux induced
crosstalk in an optical cross-connect. Results are
evaluated at a bit rate of 10 Gb/s with several values
of the number of input wavelengths. The plots of the
bit error rate (BER) versus received power are
depicted in Fig 2. The penalty due to crosstalk at a
given BER of 10° are determined from the BER
plots. The plots of penalty versus input power, the
number of wavelengths and the number of fibers are
shown in Fig 3, 4 and 5 respectively. It is found that
the system suffers a power penalty due to crosstalk
and the penalty increases with increase in input power
for a given number of wavelength and input fiber. An
input power of —20 dBm with the number of
wavelengths 4 and the number of fibers 2 is taken as
reference for Fig 3. i.e. penalty at 20 dBm input
power is considered to be zero for M=4, N=2.
However increase in penalty due to high input power
can be compensated if the performance of the switch
matrix as well as that of multiplexer and demultiplxer
is improved.

It is further noticed from Fig.4 and Fig.5 that there is
an increase in crosstalk with increase in the number of
wavelengths as well as the number of fibers, at a
given input power. In this case an input power of —30
dBm is taken as the reference. Crosstalk thus limits
the number of wavelengths, the number of input
fibers as well as allowable input power per fiber.
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Fig. 2 Plots of BER versus received power for a 10
Gb/s optical transmission system with a WDM
optical Cross-connect
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wavelengths, M for different values of input power
for a 10 Gh/s optica transmission system with a
WDM optical Cross-connect
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input fibers, N for different values of input power for
a 10 Gb/s optical transmission system with a WDM
optical Cross-connect

5. CONCLUSION

The bit error rate performance of a WDM system is
evaluated considering the effect of crosstalk due to
WDM optical cross-connect (OXC). The power
penalty due to crosstalk is evaluated at a BER of 107
for transmission rate of 10 Gb/s. It is found that a
high input power causes an extra penalty. Penalty
also increases as we increase the number of input
channels (N X M) i.e. the number of wavelengths as
well as the number of input fibers. On the other hand
the number of fibers can be increased without
significant penalty if the performance of the switch
is improved. The number of wavelengths can be
increased but requires higher suppression of other
channels or regeneration. Realistic systems require a
larger number of wavelengths compared to the
number of fibers.
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