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Cross-Channel Interference Due to Mode Partition
Noise in WDM Optical Systems Using Self-Seeded
Gain-Switched Pulse Sources
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Abstract—The sidemode suppression ratio of self-seeded, gain- Polarisation
switched optical pulses is shown to be a vital parameter in de- Bias  Controller
termining the usefulness of these pulses in wavelength-division- Current ilf:ltrsuel:
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|. INTRODUCTION CHITER potarisation Delay
Controller ne

HE DEVELOPMENT of a wavelength-tunable source of

short optical pulses operating at 10 GHz is vital for usdg- 1. Experimental setup for examining the effects of SMSR variation in a
in wavelength-division-multiplexed (WDM), optical time-divi- WDM-type system using two SSGS pulse sources.
sion-multiplexed (OTDM), and hybrid WDM/OTDM optical
communication systems [1]. One of the most reliable tech- [l. EXPERIMENTAL SETUP

niques available to generate wavelength-tunable, picosecongy 1 shows our experimental setup. The FP lasers used were

optical pulses involves the self-seeding of a gain-switthemmercial 1.5:m InGaAsP devices, with threshold currents
Fabry—Perot (FP) laser [2]-[4]. One important characterlstéqound 25 mA and longitudinal mode spacings of 1.1 nm.

of these sources is the variation in the sidemode suppress'ﬁ% two lasers used had central frequencies of 1556 nm. Gain
ratio (SMSR) as the wavelength is tuned [2]-[4], as this m

timatelv affect thei ful . tical icati aS}(/vitching of the lasers was carried out by applying dc bias
uitimately affect their usefuiness in optical communicatio ﬂrrents of around 45 mA, and 10-GHz sinusoidal modulation

S-‘/S_tefns- In arecent letter [5], we d_emonstrated h.OW this SMél nals with powers of 24 dBm, to each device. Self seeding
variation greatly affected the noise induced on a single 2.5-G Fq

- .~ —of the diode FP1 was achieved by using an external cavity
pulse source as the pulses propagated through optical fiber and, . . o
an opical filter containing a polarization controller (PC), a 3-dB coupler, and a

In this letter, we experimentally investigate the effect Ot*.mgble Bragg gratln_g with abandw_|dth 0f0.4 ”m.-_The external
the pulse SMSR on the performance of 10-GHz self-seed%%v_'ty for self_-seedmg FP2 contained an additional tunable
gain-switched (SSGS) pulse sources in a two-channel WDIQE’tlcal de_lay I|ne._ _
type system. We examine the noise induced on one of theTc_’ achieve optimum SSGS pulse generation from FP1, the
pulse sources due to a variation in SMSR of the other SS@ENG was tuned to reflect one of the laser modes (at 1556 nm),
source. Our results show that although many of the report@@d the frequency of the smusmda_l modul_at_lon Wa_s then varied
wavelength-tunable pulse sources using the SSGS techni&ftrg'%? GHz) to ensure that the signal rem_;ected into the laser
had SMSRs that varied between 10 and 25 dB as the outB{fiVes atthe correcttime. For SSGS operation of FP2, the Bragg
pulse wavelength was tuned [2]-[4], in practice, such pmsggatmg was tuned to reflect a laser mode at 1546 nm, and the op-
may be unsuitable for use in high-speed WDM communicatidi¢@l delay line was varied to ensure that the signal fed back from
systems due to cross-channel interference caused by the mibgegrating arrives at the correct time. It should also be noted
partition effect [6], [7]. that the wavelength of each source may be tuned using the fiber

grating, but the tuning range was limited to about 5 nm by the
tunability of the grating. In addition to tuning the grating, and

Manuscript received June 28, 2000; revised November 13, 2000. adjusting the sinusoidal frequency, the feedback can be adjusted,
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Fig. 2. (a) Optical spectrum of the two 10-GHz pulse sources after fiber
coupler. (b) and (c) 10-GHz pulse trains of the 1546- and 1556-nm sources
(nonaveraged).

lll. RESULTS i i
. _ _ Time, 30 ps / div
Fig. 2(a) displays the optical spectrum of the two pulse

sources after being combined together using a fiber coupleg. 3. (a), (b) and (c) 1546-nm pulses after FP filter with the SMSR of the
(with the feedback from the gratings optimized using th&56-nm pulse source set to (@) 20, (b) 15, and (c) 10 dB.
polarization controllers). The 3-dB bandwidths of the 10-GHz
pulse sources were both around 0.25 nm, and the SMSR of the
sources at 1546 nm and 1556 nm were 27 dB and 25 dB, respec
tively [these SMSR values have been obtained by examining
the spectral output from each source independently, and nol=
from the composite signal shown in Fig. 2(a)]. Fig. 2(b) and (c) E
displays the two pulse waveforms from the sources when they 2:
were subsequently filtered out from the composite signal using &
a tunable FP filter with a bandwidth of 0.7 nm. This particular E
s
Z

filter bandwidth is chosen as it is narrow enough to select
only a single mode from the optical signal, but large enough
such that it does not affect the shape of the optical pulses'g
passing through it. The pulses were detected and measure: 8
using a 50-GHz pin photodiode in conjunction with a 50-GHz &
digitizing oscilloscope. The output pulse duration was 18 ps
for the 1546-nm source, and 19 ps for the 1556-nm source.

To determine the effect of SMSR on the filtered signals, we
initially varied the SMSR of the 1556-nm pulses using the PC, Time, 30 ps / div
and examined the noise added to the filtered signal at 1546 nm
(which had its SMSR maintained at 27 dB). We should point ofitg- 4. () and (b) 1556-nm pulses after FP filter with the SMSR of the
that the pulses from the two sources are temporally overlapp&gf:é"m source setto (a) 20 dB, and (b) 15 dB.
thus the interference from one source is directly on top of the
adjacent source in our results. Fig. 3(a), (b), and (c) displays fiitered 1556-nm pulse train when the SMSR of the 1546-nm
nonaveraged waveform of the filtered 1546-nm signal with theégnal was set to 20 and 15 dB. We can clearly see that the noise
SMSR of the 1556-nm pulse train set to 20, 15, and 10 dB. Wavel on the signal increases as the SMSR of the 1546-nm source
can clearly see that when the SMSR was reduced to 15 dB, tias reduced.
noise on the pulse train after the optical filter became noticeable We subsequently investigated how the mode-partition-noise
and as the SMSR was reduced further, the noise on the signak affected by varying the spectral spacing between the two
greatly increased. We then examined the effect of varying theurces. In this case, the amplitude noise on the detected pulse
SMSR of the 1546-nm source using the PC, when the FP optieads characterized by measuring its rms noise voltage using
filter was tuned to select out the 1556-nm pulse train (which haélge digitizing oscilloscope. Fig. 5 displays the results when the
its SMSR maintained at 25 dB). Fig. 4(a) and (b) displays tf®SGS source using FP2 was tuned from 1543.8 to 1548.2 nm
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SSGS pulse source is reduced, the power (and the power fluc-

,,,,, o & e FN e CR

® tuation) in its side mode, which is at the same wavelength as
rrrrr O' the second pulse source selected by the FP filter, increases. The
___________________ O temporal fluctuation in power of this side mode can thus mani-
________________________________ o fest itself as noise on the filtered source.

© o In order to explain the variation in amplitude noise as the

spectral spacing between the sources is varied, it is necessary
""""""""""""""""""""""""""""""""""""" to understand that the cross-channel interference (caused by
. T . ' . r . T : ) mode-partition-noise) on channel 1 due to channel 2 is deter-
7.8 8.9 10 111 12.2 mined by the power in the side mode of channel 2, which is at
the same wavelength as channel 1. The power in the side mode
of any SSGS pulse source (using an FP laser) is determined
Fig. 5. Rms noise voltage (due to cross-channel interference) on deted®d the spacing between the side mode and the peak of the FP
pulses from FP1«) and FP2 ¢), as their wavelengths are tuned over 5 Fiyain curve. Thus, as the wavelength of channel 1 is varied, the
?SOgeBS.’ with the SMSR of the adjacent pulse source (fixed wavelength) setln, <o hannel interference due to channel 2 is determined by the
position (wavelength) of channel 1 relative to the gain curve of

(with its SMSR kept constant around 27 dB), and the smsipe FP Iaser_used to generate the SSGS pulses for channel 2.
of the SSGS at 1556 was set to 15 dB. We can see that as thi conclusion, we have shown that the SMSR of wavelength-
spectral spacing decreases, the noise level on the filtered Biit2ble SSGS pulse sources at 10 GHz is extremely important
signal from FP2 increases. We then tuned the pulse soufgedetermining their usefulness in WDM communication sys-
from FP1 between 1553.8 and 1558.2 nm (with its SMSR ke{™s- If the SMSR of one source in a WDM system becomes
constant around 25 dB), and examined the interference dudlggraded, then the interaction of the mode partition effect with
the 1546-nm SSGS source from FP2 (with its SMSR set spectral filtering can result in a large amount of noise on all the
15 dB). These results are also shown in Fig. 5, and demonsti4@€length channels in the communications system. This noise
that in this case the noise level on the filtered out pulse is &Quld clearly lead to an unacceptable error rate in the communi-
tually maximum when it is at 1556 nm (approximately 10-nrfation system. Itis thus vital that any WDM transmission system

spacing between the SSGS sources), and decreases slight d on tunable SSGS pulse sources maintains a large SMSR
the source is tuned to higher or lower wavelengths. preferably greater than 30 dB) at all wavelengths.

RMS noise voltage (mV)
S = N W & Ui & =
[l 1 1 L 1 1 J

Spectral spacing between channels (nm)
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