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Formula for Two-Carrier Intermodulation Distortion
In Wavelength Converted Subcarrier Multiplexed
Signals via Cross Gain Modulation

José Capmanysenior Member, IEEEEvVa PerglMember, IEEEand Daniel PastpMember, IEEE

Abstract—We present, for the first time to our knowledge, closed o o G @2 2

expression for the computation of the harmonic and intermodula-
tion distortions that appear on a wavelength converted Two-tone Q-0
subcarrier modulation (SCM) signal via cross gain modulation. T

K

0 295/ Qi
20,-Q,

I. INTRODUCTION 0

Optical | A

Filter —
A2

AVELENGTH conversion is a key technology for the

implementation of future flexible WDM networks [1].
Among the possible technologies for its implementation, tr
use of the semiconductor optical amplifiers (SOA'S) under not
linear operation has attractt_ed considerable atten_tion, Ieadin%%o 1 Intermodulation distortion of a SCM sianal composed of two
the successful demonStratK_)n of both Crosg-ga_un (XGM) a dulated tones arising from its wavelength convergion via ng ina SOA.
cross-phase (XPM) modulation schemes [2] in high bit rate dig-
ital channels.

Another interesting application of these technologies is the
optical frequency translation of analogue or subcarrier multi- Fig- 1 shows the problem under consideration. The rate equa-
plexed (SCM) signals [3], [4]. Schemes based on four-wal@ns describing the propagation of two optical fields in a loss-
mixing (FWM) [3] and XGM [4] in SOA's have been experi-'ess waveguide were derived in [5]. We assume that the fre-
mentally demonstrated. The former has the advantage of pféency detuning between the copropagating pump and probe
viding signal transparency at the cost of low conversion effiields is larger than the reciprocal of the lifetime of the excited
ciency, whereas the later provides a bit rate/frequency limitéarriers divided by 2 to guarantee that four wave mixing prod-
transparency and a high efficiency. ucts due to the beating between them are negligible. Under this

The abovementioned transparency limitations in XGM-basé&gsumption the rate equations can be expressed for the general
wavelength converters stem from the limited bandwidth of tif@se of\ fields of intensityF; (in mw),i = 1... M, at wave-
conversion transfer function and are well understood whé#ngthsh; as
dealing with digital signals [2], [5]. There is however, at least to
the authors’ knowledge, not such a clear picture when analogue Pi(t, z) = Pi(t,0)G; exp[la;(c — 7,)] (€H)

SCM signals are considered, since the harmonic and inter-
modulation distortion arising from the nonlinear interaction
between photons and electrons in the SOA has to be added to

Il. DERIVATION OF THE FORMULA

the inherent XGM bandwidth limitation. d_ff _ <ff — Uo)
The purpose of this letter is to provide closed formulas for dt Ts
the harmonic and intermodulation distortion that appear on a _ Z CiPi(t,0)[G; exp[Ta; (0 — o) — 1] (2)

wavelength converted two-tone SCM signal via XGM. These

expressions can be useful for the design of systems and networks

where wavelength-division multiplexing (WDM) channels camwhere

rying SCM signals experience wavelength conversion. z

ot z) = / N(t,2") d . (3)
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to the saturation power defined #%.;, = 1/(I'Cia;7,) = The solution of (4) yields the following results for the
Aerr,fiw, fa;7s With Ac, the effective mode area ardd the harmonic distortion, second-, and third-order intermodulation
mode confinement factor. products of the spatially integrated carrier density

In our analysis, we assume that: a) The input pump signal - m G — 1
centred at\, is continuous-wave (CW), i.efx(t,0) = Pao; b) Ao(+Q) = < e”) — < L ) H(+0,) (6)
The probe signal, carrying the SCM band is centered, and T/ Tay G
is composed of two RF tones with equal modulation index

placed at frequencie?;, andf2,, i.e.,

Pi(t,0) =P + 6p1o = P1o(1 4+ m(Qy )™t

+ m(—=Q)e TN 4 m(Qr)ed 2t 4 m(—Qy)edS2t)

Ac(£2Q;) = <Te“> H(£2;)
Tsl
ElAO'Q(ﬂ:QZ‘)

. [m(:I:Qi)AJ(:I:Qi) + 5

} @)

¢) A perturbative approach up to the third order for the determi-
nation of the spatially integrated carrier density similar to that Ac(S + Q) = <Teﬂ> H(Q1 + Q) [(m(Q1) Ac(£0)

of [6] and [7] is assumed i.es, = g, + 601 + 602 + o3, Where
in 60; accounts for the order of the perturba-

0y

the subscript ¢
tion term so

2
bo1 = Z Ao’(igi)eﬂ:jQit
=1
2 .
b0z = Z Z AO’(:I:QZ + Qj)cj(iQi:l:Qj)t

j=1 =1

and so on. With the above considerations, (2) yields one alge-

braic equation fow; and three differential equations fée;

1 = 1,2, 3, which can be solved successively, i.e., starting with

6o and using this value to obtaéivs and so on

FIO T — N2
0=— (0, — = a1(os—N1z) _
(a 00) <Fa1Psatl> (C )
_Po ) (restenen)
— az({Ts 2%) _ 1
<Fa2Psat2> (6 )
dé 6
dgl =-2- C(G1 — Dédpio
I Teft
dé 6 =
72 = — 72 — CG1FCL16P10(501 — —1(50§
dt Tett 27—51
dé o
93 = — 93 — CG1Fa16p10602
dt Tell
_ CG1F26L%6P10(SO% _ 51(501(502 _ EQ (501‘)’ (4)
27—51 Ts1 67—51
where

El :Fa1 <CFCL1F10G1 —|— CFCLQFQ()GQ <%>)

a1
1 1 a
o (22 (2)
sl 52 1

2
Zp =1%af <CFG1F10G1 + CTas Pay Qo <%> )
1

=—+—+= 5)

Ts1

+ m(:l:QQ)AO'(Ql))
+ElAU(Ql)AO’(:|:QQ)] (8)

Ac(20; — Q) = <Te“> H(20; — )

Tsl
- {[m(—Qg)AU(Zgl)

+ m(Ql)AU(Ql — Qg)]

I
+ (= 02) A0?()
—|— 2m(Ql)AO'(Ql)AO'(—QQ)]
+ El [AO’(291)A0(—92)
—|— AO’(Ql — QQ)AO’(Ql)]
+ 2ac@nac-a}. @
In the above expression&,(Q?) = T(2)/T(0) is the normal-
ized XGM wavelength conversion transfer function, witft2)
given by (11) of [5].

From (1) and (6)—(9) closed expressions for the harmonic dis-
tortion and intermodulation products in the converted signal can
be derived, resulting

2

B APy(2Q4) 2 B Ac(2Q1) Tas
"o = ‘ AP () | ‘ Ac($2) TAO(Ql) .
| AP(2,9) 2 | Ac(Q - Q2) :
= | o | =[P amy + Tendeta
(11)
_AR(20 — Q) ?
M = ‘T@)
Ac — 2aj
= ‘ (A2?(IQ1)92) + FQ A0 () Ac(—Qz)
2
+ Tay {A0(222(AQ?§_Q2) + Ac(Q — 92)}
(12)

and the approximatioexp(x)—1 ~ z+22/2!+x2/3! has been
employedr,; = A.mhw,/(a; P;) i = 1,2 are the lifetimes for Equations (6)—(12) are the main results of this letter and can find
the stimulated recombination due to the field powers [5]. useful applications in the analysis of intermodulation distortion
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0 Pl modulation distortion might appear in a wavelength converted
o ’\"\\ H() version of a complete frequency plan of a SCM signal.
9*(9\\
T M) [ll. SUMMARY AND CONCLUSION
0 PR SSSiige ~ We have derived closed formulas for the harmonic and in-
dBc <o} HD(()) %N 0 040, termodulation distortion that appear on a wavelength converted
- \3\"*& e - two-tone SCM signal via XGM. These expressions can be useful
T~ for the design of systems and networks where WDM channels
-60 ™~ i . . . .

My \ om0, carrying SCM signals experience Wavelength conversion. Th_ese
7ot L e, results indicate that potential high levels of intermodulation dis-
% & , tortion might appear in a wavelength converted version of a

3 | complete frequency plan of a SCM signal. For instance, in a
7 = ‘ "  standard NTSC frequency plan IMD values must be (for the
Frequency(Hz) .
worst case) below-55 dBc. The values obtained here for a

simple case of two tones although smaller, are close enough to

Fig. 2. Spectral dependences of the normalized linear transfer functi@hviSage that problems will arise when the complete contribu-
harmonic and intermodulation products of a two tone SCM input signal upon

wavelength conversion via XGM in a SOA with typical parameters. AnalytiiOn Of the frequency plan is accounted for. Further research on
results in solid traces. Numerical results shown in circles and stars. the applicability of wavelength conversion to SCM signals is re-

quired. In due course new results will be reported.

in XGM wavelength converted SCM signals and in the evalua-
tion of the role that the different parameters have on the signal

impairment and therefore the system design. For instance, Fig. £1 S. J. B. Yoo, "Wavelength converson technologies for WDM network
applications,”J. Lightwave Technqlvol. 14, pp. 955-966, 1996.
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for a SOA based XGM converter with parameters for the SOA  Stubkjaer, “All optical wavelength conversion by semiconductor optical

given by: Poy; = Paaz = 10 dBm, 7, = 340 pS,a; = ap = amplifiers,”J. Lightwave Technalvol. 14, pp. 942-954, 1996.
o 2 . ' [3] W. Shieh, E. Park, and A. E. Willner, “All optical wavelength shifting of
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