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Dispersion limit improvement of FM/IM signals by self-phase modulation
C.G. Joergensen, B. Mikkelsen, B.F. Jgrgensen, R.J.S. Pedersen and, K.E. Stubkjaer

Center for Broadband Telecommunications

Electromagnetics Institute, Technical University of Denmark
Building 348, DK-2800 Lyngby, Denmark
Phone: +45 42 88 14 44 Fax: +454593 16 34

Abstract. Simulations of unrepeatered transmission of 10 Gbitls signals generated by frequency to intensity
modulation conversion show an improvement of the dispersion limit on standard fiber due to self-phase
modulation by up to a factor of 2.5. This indicates a 1 dB limit of above 100 km for optimum modulation index of
035. For this index, simulations indicate the existence of a maximum allowable input power around +18 dBm,
above which the channel breaks down. This also applies for dispersion shified fiber, even at a lower power of
around +14 dBm.

Introduction. The next generation of optical communication systems will operate at 10 Gbit/s. Generation of
optical signals modulated at 10 GHz is difficult: direct on/off keying gives excessive chirping even at small
extinction ratios. External Mach-Zehnder amplitude modulators on the other hand tend to require very high
modulation voltages. Particularly if the power level is very high, since then balanced push-pull operation is
prohibited by Stimulated Brillouin Scattering (SBS). An alternative solution is frequency to intensity modulation
(FM/IM) conversion [1], which has the advantages of small modulation voltage and high SBS threshold [2].
Typically the drive voltage to the laser is smaller than 2 Vp-p and at 10 GHz modulation the SBS threshold (for
suitable modulation index) is higher than 20 dBm. The dispersion limit of FM/IM signals at 10 Gbit/s, however, is
quite small [3], dependent on the receiver configuration and the frequency modulation index. This paper gives a
theoretical investigation of this limit and the improvement attainable by exploiting non-linear self-phase
modulation (SPM). Finally, the maximum allowable input power set by SPM for transmission over both non-
dispersion shifted and dispersion shifted fiber is considered.

Discussion. The propagation of optical signals on fibers is described by the non-linear Schrodinger equation,
which can be numerically investigated using the split-step Fourier transform method [4]. Using this method, we
investigate the propagation of a 27 long bit sequence, obtained from a 27-1 pseudo random binary sequence (PRBS)
and adding a logical zero, using 32 samples per bit. The spectrum of the resulting signal resembles that of the
PRBS and simultaneously allows simple mathematical handling in terms of Fast Fourier Transform. The receiver
bandwidth is 7 GHz, using a third order Butterworth filter. Figure 1 shows the simulated eye closure versus
transmission distance over non-dispersion shifted fiber (17 psec/km/nm dispersion, 80x10712 m2 effective fiber
area and 0.2 dB/km loss) of a 10 Gbit/s FM/IM signal, with the average optical input power as parameter for three
different modulation indices (linear loss is compensated). It indicates three things: First, that the distance the
signals may be transmitted for a given eye closure is increased by up to a factor of 2.5 by increasing the input
power; Secondly, whereas the dispersion limit is increased for increasing modulation index at low input power, the
dispersion limit is increased with decreasing modulation index for high input power; Finally, the figure indicates
the existence of a maximum allowable input power, above which the channel breaks down.

This breakdown also exists on dispersion shifted fiber (1.6 psec/km/nm, 40x10-12 m2 and 0.2 dB/km). Figure 2
shows the simulated eye closure vs. transmission distance for 10 Gbit/s transmission over dispersion shifted fiber of
a FM/IM signal using a modulation index of 0.5. Obviously, with an input power of 10 dBm, a 10 Gbit/s signal can
not be received after 300 km since the input power would be around -50 dBm, which is far below the best reported
sensitivity of -38.8 dBm [5]. That would require +22 dBm transmitted power, which as mentioned above is
possible from an SBS point of view. However, for input powers in that range, the transmission distance is limited
by SPM, as seen from figure 2. Hence it seems as if 300 km unrepeatered transmission at 10 Gbit/s is not possible.
From the simulations, the limit is around 250 km for an input power of +13 dBm, as seen from figure 3.

Conclusion. Simulations indicate an increase up to 2.5 times of the dispersion limit of FM/IM signals by self-phase
modaulation for 10 Gbit/s signals transmitted over standard fiber. They also show, that the modulation index should
be low when using high input powers, and finally, that there is a maximum allowable input power, above which
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the channel breaks down. For dispersion shifted fiber a breakdown seems to exist at +14 dBm, limiting the
maximum unrepeatered transmission distance of 10 Gbit/s signals to around 250 km (for assumed parameter

values).
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Figure 1a. Eye closure relative to back-to-back signal
as function of transmission distance for optimum

(within 1 dB) input power for modulation indices of

0.5, 1.6 and 2.3.
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Figure 2. Eye closure relative to back-to-back signal as
function of transmission distance for a modulation
index of 0.5 with optical input power as parameter for
transmission over dispersion shifted fiber.
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Figure 1b. Eye closure relative to back-to-back signal
as function of transmission distance for modulation
index of 0.5 with optical input power as parameter.
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Figure 3. Maximum transmission distance for 10
Gbit/s FM/IM transmission over dispersion shifted
fiber assuming receiver sensitivity of -38.8 dBm.
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