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Abstract—This letter identifies crosstalk sources in lim-
coupler
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calculates the power penalty imposed by this. Specifications for ‘ HiE__—
the components used in the L-WIXCs can then be determined for : .-W.n%‘ff. !
obtaining a specified level of system performance. 5 .i'i"i.‘.v"iii. 5
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cross-connect, power penalty. N .

|. INTRODUCTION s Wavelength
converter MxV 1xN

HE HIGH COST of wavelength converters has motivated _ o _
the efficient design of optical networks that require onl{i9- 1. L-WIXC: architecture | (SSM: Space-switching matrix).
limited wavelength conversion capability. Studies show that Tunable SSM  Star coupler
M1

; ) Star coupl
full wavelength conversion may not be necessary for obtaining g filer Ny

desirable performance levels [1], [2]. We, therefore, consider 1
limited-wavelength-interchanging cross connects (L-WIXC),

where the OXC (optical cross connect) has only a limited number 2 .
of shared converters. Various studies indicate optical crosstalk

to be a key consideration in designing an optical network [3],
[4]. Crosstalks in some common OXC architectures have been N
compared in [5] with performance results given in terms of an
arbitrarily defined parameter. We feel that the power penaltyfgy. 2. L-WIXC: architecture Il (SSM: Space-switching matrix).

a more practical performance parameter of an OXC'’s crosstalk

performance and have used that in our analysis. Coherhent Il. THE CROSSTALK MODEL

and incoherent crosstalks have been considered in [6] using Fhe electrical field of a signal at center frequency

Gaussian approximation, but the analysis is limited to OXG®ming from porti of an OXC may be expressed as
without wavelength conversion. L-WIXCs will require speuaiEO(t) —  Ebi(t) coslwt + ¢s(t)]P;, where E is the field

architectures for wavelength converter sharing. amplitude p;(¢) is the binary data sequence with values of zero

Arf:h|tecture i .F'g' 1 s a multistage share-per-nod r one in a bit period’, ¢;(¢) is the phase noise of the laser,
architecture [1]. The incoming channels are broadcast to every —

space switch. Each tunable filter selects one of the wavelengtied £i the unit polarization vector. The signal @tentering

A multistage share-per-link architecture Architecture 1l i{§OM Port 1 is chosen as the signal in question. Here, we study
shown in Fig. 2. The wavelength converters here are shafBgand crosstalk which has the same wavelength as the desired
on a per-link basis. This is less efficient, but allows mor&ignal. It causes fluctuation in the signal power and is much

converters to be easily added in the same structure. The nuniB@fe damaging [4]-[6].
of switchesM is equal to2W" — 1 for nonblocking operation. ~ Consider Architecture I, wher&/ — 1 crosstalk components
atw leak through the filters and mix with the main signal at the
star coupler, as shown in Fig. 3. L&t (i = 1,2,..., N) bethe
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Main signal, rom Fort lf‘;;’ lll. CROSSTALK ANALYSIS FOR L-WIXC
y If the signal and the crosstalk are phase correlated, the
® crosstalk is coherent; otherwise, it is incoherent. Incoherent
crosstalk components may, nevertheless interact with each
other coherently to produce a composite crosstalk with much
higher power [6]. The coherent effect dominates when the
Leakage by relative delay is less than the laser’'s phase coherent time, i.e.,
last-stage switch Tij, Tiz, 71 < COherent time. In this case, ti¥, contributions
leaked from the signal in the input linkin the second term of
(1) will be phase-correlated. Thg(t — 7) terms in (1) may

is free from the crosstalk carried with it before wavelength corﬁ;leeapp;ggxwﬁé?;) Py)(_t) :29'\/;(3); sziyvn gt/ trle Bg:ctc;rrr]\ dOf
’ 1y (R T T (XA ] ;T 7

version. Assume that Architecture | is fully loaded and intensity v
modulation is used, the total electric field is given by (1) at theps?s; = Py - Pij, cos¥ip = Py - Piy, cos¥; = Py - P

Leakage " A |
by filters

Leakage by
first-stage switch

Fig. 3. Crosstalk leakage.

i

bottom of this page where a) 74, Tz 7, < T All b(t — 7) are approximated with(t).
bi(t) binary data sequence of tlhigh signal con- With ¢1 (£) — ¢;(¢) uniformly distributed ovef0, 2x ], we
verted to frequency; have (4), shown at the top of the next page, and
PL(t) phase noise of theth signal converted te; X,
Tijs Tiws T} propagation delays of the crosstalk contribu- E(J)=1+ 2\/52 cos Dy cos 1.
) tions relative to the actual signal; j=1
P;j, Pir, P; unit polarization vectors of the crosstalk; The power penalty will be maximum when adls ¥ terms
5, ¢ ¢ optical power relative to the actual signal of are equal te+-1 or —1 andX; = 0. Therefore, from (2)

the crosstalk contributions. 2 .,

The crosstalk power penalty is defined as in [4] to p@ax(ppa) = —10log <1 - ng
the additional power in decibel which must be added to the 2
signal power to achieve the same error rate as that without % { [(M - 1)\/5+ \/5} }) )
crosstalk. Considering intensity modulation and a receiver +(N —2)e+ K¢
with an integrate-and-dump filter, the decision variable is b) r,;, 7,,, 7/ > T: All b(t — 7) are uncorrelated with each
J= fé;fl)T |E(t)]?/|Eo(t)|?dt. We assume the limits of the other and withb (). This gives (5), shown at the top of
integration to be aligned with the bits as in a fully synchronous  the next page, and
system. The signal noise other than the crosstalk is assumed Xy
to be Gaussian and that the crosstalk noise also approaches E(J,) =1+ \/EZCOSDU cos ¥y
Gaussian behavior as the number of crosstalk sources increase j=1
[4]. If an optimal decision threshold is used [7], the power jpax(pp,) =—10log (1 — Q2

penaltypp is given by 2
L[ - )ve+ e

pp = —10log [E(J) — o*Q3/E(J)] ) x L
+L14N - 7)e
Here,Qo may be obtained from erfQ,/v/2) = 2 x BER. +%(M —1)6+ %Ks’
_ _ N X; _ N
E(t) =Eby(t)cos[wt + g1 ()] PL+ > > VOEbi(t — 75) X cos [w(t — i) + ¢i(t — )| Pij + Y _ VEEbi(t — 7i)
i=1 j=1 =2
—_ K J—
X €08 [w(t = Ti) + ¢i(t — Tia)] Pia + > _ V' BV (t — 7)) X cos [w (t — 7))+ ¢} (t — 7)) P, 1)
=1

1 0T 9 X1 (n4+1)T
J%T/ b%(t)dt—kTZ\/g/ bl(t)bl(t—le)dtCOSDleOSﬁlj
nT j=1 nT

N 5 DT - Y eosis
2 Z\/anT by (8)b;(t — 7i5)dt cos[p1 (t) — ¢i(t) + Dij] cos
+TE j=1

=2 +/e fs;;"'l)T by (6)b; (t — 72 )dt cos[p1(t) — ¢i(t) + D;y] cos 9y,

9 K (n4+1)T
+ T Z \/Q/ b (1) (t — 71)dt cos [p1(t) — ¢i(t) + Di] cos (3)
i=1 nT
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X, X,
: : 9
V§ Z cos D;; cos ¥ 4/e cos Dz cos Vi | + V§ Z sin D;; cos 9;; +/esin D;y cos 94 +§ Z &' cos? ¥,

=2 j=1 =1 im1

(4)

X, N X; 2
1 1
af = 56 E cos? Dy cos? 291j+§ E Vs E cos D;; cos ﬁij—i-\/gcos D;, cos¥;t
j=1

i=2 j=1

1 N Xi 2 1 N Xz' 2 K
+ 3 E Vs E sin D;; cos ¥ ++v/esin Dy cos iy | + G E 6 E cos® ¥;j+ecos? Wiy |+ 3 E ¢ cos? 9 (5)
1=2 j=1 1=2 j=1 =1
10 -30
——ppa (Arch. )
8 | ~-40
g | ppb (Arch. 1) ; g
2 : =
% g L —+—bpa (Arch. 1l . —3‘; 50 [
S | ---a--.ppb (Arch. l) s 8
o ol R S 60 ppa (Arch. I}
% ; § [ e ppb (Arch. )
<, & .70 —a— ppa (Arch. IY)
—— 1
§=¢g=g¢g ...a...ppb (Arch. It)
0 C5] ‘ -80 ‘ : :
-60 -55 -50 -45 -40 -35 -50 -45 -40 -35 -30 -25

Component Crosstalk (dB) Filter Crosstalk (dB)

F|g 4. Power pena|ty as a function of component Crosi@ER = Flg 5. Switch crosstalk as a function of filter crosstalk fpr, = 1 dB.

1079).

more stringent requirement on both the filters and switches. A
useful observation is that in the linear portion of the curves, a
small improvement in any one of the components will signifi-

cantly relax the requirements on the other kind of components.

Similarly for Architecture Il, we derive that

2
max(pp,) =—10log <1 — gQ(Q)
2
y [(M— Vn)\/ng\/g} V. CONCLUSION
+HN —2)e The crosstalk contributions in these L-WIXCs are identified
and a model is presented to quantify the impact. The results
enable us to compare the performance of the L-WIXCs and to

max(ppy) =—10log (1 — Q3
% study the crosstalk requirement of the components.

2
(M = Vi)VE + V2|
% +4(4AN — T)e
+2(M = V,,)é REFERENCES
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