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Effect of Distributed Raman Amplification on Timing
Jitter in Dispersion-Managed Lightwave Systems

E. Poutrina and G. P. Agrawdtellow, IEEE

Abstract—it is shown that the timing jitter of dispersion-man- 12
aged soliton systems can be reduced by up to 40% by using a Total Loss = 16 dB
hybrid amplification scheme in which fiber losses are compen-
sated by using erbium-doped fiber amplifiers in combination with
backward pumped Raman gain. The jitter is smallest in the case
of 100% Raman amplification, but considerable reduction occurs
even for partial distributed amplification.

Index Terms—Dbispersion management, distributed amplifiers,
jitter, nonlinear optics, optical fiber communication, optical soli-
tons.
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ISTRIBUTED RAMAN AMPLIFICATION (DRA)
has attracted considerable attention recently as its u 4
improves the signal-to-noise (SNR) ratio, or the Q factor, i
periodically amplified dispersion-managed lightwave systen
[1]-[4]. In this letter, we show that DRA also helps to reduct
the Gordon—Haus timing jitter [5], [6] in such systems. The
combination of high SNR and reduced timing jitter make: o
the DRA scheme very attractive for designing high-spee 2000 4000 6000 4000 10000
lightwave systems operating at 40 Gb/s or more.
Optical pulse propagation inside lightwave systems is gov-
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erned by the nonlinear Schrodinger equation Fig. 1. Timing jitter after each amplifier as a function of transmission distance
for several values of Raman gain. Losses are 16 dB over 80 km of amplifier
DA Py A o i spacing.
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) ) ) the pulse shape
where the dispersion paramefgy, the nonlinear parameter;

the distributed gairy, and fiber lossx all vary with z for dis- (1+:C) 2 . ,
persion-managed lightwave systems. We consider the gene‘r%lz’ t) = Aoexp |- 212 (t—tp)" — a2t —1p) + wl
case in which the coded pulse train is amplified periodically 3
using a module consisting of a lumped fiber amplifier and \where the pulse amplitude,, width 75, chirp C, positiont,,
Raman-pump laser injected backward into the fiber to providgguency shift?, and phase all depend orx and are found
the DRA. In this hybrid scheme, total fiber los<&g,; are com- by using the variational method [7]. We have verified that the
pensated using the combination of lumped and Raman amplifse of a Gaussian shape, in place of the numerically calculated
cation such that/r + G, = Gy, Or equivalently pulse shape, provides an analytic expression for the timing jitter
that is accurate to within a few percent of the actual value.

La La Fig. 1 shows timing jitter after each amplifier as a function

€Xp </0 9(z) dz) + G =exp </0 a(z) dz) (2)  of transmission distance for several values of the Raman gain
for a 40-Gb/s lightwave system designed with 80-km amplifier

spacing. The dispersion map has eight periods within each am-

fier, andL 4 is the amplifier spacing. plifier spa_lcing (dense dispersion r_nanaggment). Ea_lch map pe-
We use the formalism of reference [6] for calculating thdod consists of two 5-km fiber sections, with dispersion param-

timing jitter except for using the Gaussian approximation foft€rs?z of 3.9 and—4.1 ps/km, respectively. Fiber loss for
both types of fibers is 0.2 dB/km, whilg = 2.5 W—1-km~!.

The input pulse parameters (widil, chirpC, and energyy)
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2 Fig. 3. Contour map of the bit sequence over 8000 km for the 40-Gb/s system
0 5 10 15 20 employing lumped amplifiers with 100-km amplifier spacing.
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. o . , .. In conclusion, we have shown that DRA is beneficial for re-
Fig. 2. Timing jitter after 5000 km as a function of Raman gain for ampllﬁerd . timi iitter. O d heth lit int
spacings of 60, 80, and 100 km. ucing timing jitter. One may wonder whether soliton interac-
tion would limit the transmission distance to below 5000 km for
the 40-Gb/s system designs used for Figs. 1 and 2. To answer
this question, we have solved (1) numerically using a random

P sequence of 1 and 0 bits. Fig. 3 shows the contour map of the
Eod—EO-]}olﬁll _pJ.bF?r othetrhvalul()as (ﬁ:?’ t_?e p?‘rlanlﬁte@q, _C' bit sequence over a transmission distance of 8000 km for the
anl O'd?h In be weter:]n €a (_)the Imits V]Y e _elr':'n'mumsystem with 100-km amplifier spacing. As evident from this
bu sew:j i remains f € samfel.l 8 deanO'SF am%r_ .i)_f_cor— Fﬁ ure, soliton interaction is weak enough that such a lightwave
Ir?espon sto lgf_no;se 'gure o T 1 or EILTJBET érlng' |1e{§. Wstem is mainly limited by amplifier noise. The use of DRA is

taman ?mp ' |cat|on, \Lllve %%SP =(1-e )L beneficial for such systems since it increases the SNR (Q factor)
at room temperature [4], [8]. and reduces the timing jitter simultaneously. We expect these

Fig. 1 shows that timing jitter is largest in the case of pur, : o )
o o enefits to apply even for wavelength-division multiplexed sys-
lumped amplification, but reduces as the contribution of DR PRl g P Y

. . S.

increases. The smallest value of jitter occurs when 100% o{n

losses are compensated using DRA. For a 40-Gb/s system, jitter R

should be below 4 ps (16% of the bit slot). The dashed line in EFERENCES
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ps,C = —1.02, By = 0.178 pJ, while for pure Raman am-
plification (Gg = 16 dB) 1Ty = 4.694 ps,C = —0.92, and



