larger or smaller than the two threshold values during the iterative
decoding process, the calculations of the LLR, FR and BR are
simpler than those of the MAP algorithm. Thus, the complexity
and decoding time of iterative decoders are reduced, and the per-
formance of the MMAP algorithm is almost the same as that of
the MAP algorithm.
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1.52 Thit/s OCDM/WDM (4 OCDM x 19 WDM
x 20 Gbit/s) transmission experiment

H. Sotobayashi, W. Chujo and K. Kitayama

1.52Tbit's OCDM/WDM (4 OCDM x 19 WDM x 20 Gbit/s)
transmission based on simultaneous multi-wavelength optical
encoding of a single supercontinuum source is experimentally
demonstrated with 0.4 bit/s/Hz spectrum efficiency.

Introduction: Optical code division multiplexing (OCDM) provides
a unique combination of attributes such as asynchronous trans-
mission, secure communication, tell-and-go access protocol, soft
capacity on demand, and a high degree of scalability [1, 2].
OCDM applications range from point-to-point transmission [3],
multiple access [4], optical path network [5, 6], and label switching
routing [7]. Key technologies for developing multi-Tbit/s OCDM
systems are ultrafast optical encoding/decoding, ultrafast optical
time-gating for interference noise suppression, and ultra-broad-
band source generation.

In this Letter we report 1.52 Tbit's OCDM/WDM (4 OCDM x
19 WDM x 20 Gbit/s) transmission over an 80km dispersion-com-
pensated link based on simultaneous multi-wavelength optical
encoding of a single supercontinuum (SC) source by exploiting a
periodic impulse response from an optical encoder in the fre-
quency domain. To the authors’ knowledge, this is the highest
transmission capacity obtained from OCDM/WDM transmission
experiments.
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Fig. 1 Principle of OCDM based on time spread/despread using optical
transversal filters and 200 GHz periodicity in impulse response of optical
encoding in frequency domain

a OCDM using optical transversal filters

b 200 GHz periodicity

Operation principle: As shown in Fig. la, optical transversal filters
are used as optical encoders and decoders. The transversal filter
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consists of tunable taps, Sps delay lines, programmable binary
optical phase shifters, and a combiner, all of which are monolithi-
cally integrated as a planar lightwave circuit. An optical code
comprising a five-chip pulse BPSK pulse code sequence with a
chip interval of 5ps is generated [1]. The impulse response of the
optical encoding has a periodicity of 200 GHz, because the chip
interval of the optical encoder is 5ps, as shown in Fig. 15 [8]. As
a result, simultaneous multi-wavelength encoding having a WDM
channel spacing of 200 GHz can be achieved using a single optical
encoder when a broadband optical pulse such as an SC pulse is
used as a chip pulse.
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Fig. 3 Optical spectra before transmission, after transmission, and after
WDM DEMUX and optical decoding

a Before transmission
b After transmission
¢ After WDM DEMUX and decoding

Experiments and results: Fig. 2 shows the experimental setup of
our 1.52Tbit's OCDM/WDM (4 OCDM x 19 WDM x 20 Gbit/s)
transmission experiment. A 10GHz, 1.5ps pulse train from a
modelocked laser diode (MLLD) operating at 1565.50nm was
optically multiplexed to 20 GHz and modulated with a 20 Gbit/s
2231 PRBS. After being amplified to an average power of 1W,
the pulse train was launched into an SC fibre (SCF) [9]. The gen-
erated 20 Gbit/s SC signal was split into four, with each serving as
the light source for simultaneous multi-wavelength optical encod-
ing using the optical encoder. Four different optical encoded sig-
nals were multiplexed to multi-wavelength 4 OCDM x 20 Gbit/s
signals having a WDM channel spacing of 200 GHz, which corre-
sponds to 0.4bit/s/Hz spectrum efficiency. A Tellurite-based
EDFA (T-EDFA) with three-stage amplification was used for
broadband signal amplification and spectrum equalisation by
adjusting the three-stage pump powers. The transmission line
comprised a reversed-dispersion fibre (RDF) and singlemode dis-
persion fibre (SMF) pair. The total length was 80km, the average
zero dispersion wavelength was 1546.59nm and the dispersion
slope was 0.0087 ps/nm/km. After being amplified by a T-EDFA,
it was wavelength demultiplexed (DEMUX) by a 19 channel
arrayed wavelength grating (AWG) having a channel spacing of
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200 GHz (channel 1: 1533.47nm — channel 19: 1562.23 nm). After
WDM DEMUX, frequency chirping was compensated for to com-
press the chip pulse using a 13.5m SMF because the SC pulse was
up-chirped [9]. Tt was then decoded by an optical decoder and
optical time-gated using a 100m highly nonlinear dispersion-
shifted fibre (HNLF) based nonlinear optical loop mirror
(NOLM) to suppress the interference noise as well as additive
noise [1 — 3]. By using an HNLF, which has a high nonlinear coef-
ficient and a low dispersion slope [10], we were able to minimise
the walk-off problem between the control pulse and signal pulse.
The control pulse used for 20 GHz optical time-gating was opti-
cally multiplexed in the time domain to 20 GHz using 10GHz,
1.5ps pulse trains from the MLLD at 1550.00 nm for gating of
WDWM channels 1-9, or 1540.00nm for gating of WDM channels
10-19. The optical gating window ranged from 1.5 to 1.8 ps for all
WDM channels.

Fig. 3 shows the optical spectra of the signals before transmis-
sion (upper trace), after transmission (middle trace), and after
WDM DEMUX and optical decoding (lower trace). The -15dB
bandwidth of the SC spectrum was ~130nm. The power difference
in all WDM channels was ~6dB after WDM DEMUX. Figs. 4a
and b, respectively, show the streak camera trace and eye diagram
of the decoded code [0mOm0] of channel 10 (1547.72nm) after
80km transmission. The sharp peak of the matched code can be
clearly seen in the centre, although interference noise severely dis-
torted the signal-to-noise ratio. The sidelobes of the decoded sig-
nal were disturbed by the existence of cross-correlations of the
other three unmatched codes, as can be seen in comparison with
the only matched signal decoding (dotted line in Fig. 4a). Figs. 4c¢
and d show the optical time-gated decoded signals. By optical
time-gating the mainlobe of the matched correlation waveforms,
the interference noise was greatly reduced and the signal-to-noise
ratio greatly improved. Fig. 4e shows the measured BERs of the
decoded 4 OCDM x 19 WDM (=76) data signals. For all meas-
ured signals, the BERs were less than 1 x 107
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channel 10, optical time-gated decoded signal and measured BER of
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Conclusion: 1.52Tbit's OCDM/WDM (¢ OCDM x 19 WDM x
20 Gbit/s) signals each having five-chip pulses with WDM channel
spacing of 200 GHz have been generated by simultaneous multi-
wavelength optical encoding of a single SC source by exploiting
the periodic impulse response of an optical encoder in the fre-
quency domain. Error-free transmission was achieved by introduc-
ing a novel interference noise suppression technique based on
ultrahigh-speed optical time-gating. Using only the C-band wave-
length region, we succeeded in obtaining 1.52Tbit/s (4 OCDM x
19 WDM x 20Gbit/s) OCDM/WDM transmission over 80km
with 0.4 bit/s/Hz spectrum efficiency. By increasing the number of
optical codes and WDM channels, utilising the S- and L-band
wavelength regions, and employing polarisation multiplexing,
OCDM/WDM transmission at > 12 Thit/s would be feasible.
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Integrated optic dispersion slope equaliser
for N x 20 Gbit/s WDM transmission

K. Takiguchi, K. Okamoto and T. Goh

The fabrication of a dispersion slope equaliser on a silica-based
planar lightwave circuit for 16 x 20 Gbit/s wavelength division
multiplexing transmission is reported. This device comprises an
array of sixteen equalisers with different compensation values and
an arrayed-waveguide grating for wavelength multiplexing.

Introduction: The growth of the Internet has led to the need for
much larger capacity networks. Wavelength division multiplexing
(WDM) optical communication systems are the most promising
way to achieve this but it is essential to increase their bit rate per
wavelength as well as their channel number [1]. Therefore, tech-
niques to compensate precisely for the fibre dispersion slope are
becoming increasingly important for such advanced high bit rate
WDM systems. Several approaches towards dispersion slope
equalisation have been actively investigated with a view to upgrad-
ing the capacity of installed fibre cables. These approaches include
the use of dispersion-compensating fibres (DCFs), chirped fibre
Bragg gratings, and higher order mode fibres [2 — 5]. The planar
lightwave circuit (PLC) dispersion equaliser, which we have devel-
oped, has certain unique characteristics, including compactness,
dispersion variability, and the ability to provide flexible and accu-
rate dispersion compensation. We previously proposed a disper-
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