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fibre types for long-haul 40 Gbit/s transmission, It is also worth
mentioning that ultra-long-haul transmission of 10 Gbit/s channels on
TWRS fibre on the same platform used in this experiment has been
demonstrated earlier [7].
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Fig. 4 Received OSNR and BER afier 1600 km transmission of TWRS

Conclusion: We  have  demonstrated DWDM  transmission
performance at 40 Gbit/s over distances greater than 1000 km for
various commercially available fibre types with large (>2dB)
QO-margins. The transmission was achieved by using forward and
backward Raman amplification and backward-pumped DCMs. The
singleband all-Raman platform is proved to support transmission over
commercial fibre types for 40 Gbit/s long-hau! and for 10 Gbit/s
ultra-long-haul applications. A single platform approach for both data
rates is very attractive for commercial viability of 40 Gbit/s systems.
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Low power penalty 80 to 10 Gbit/s OTDM
demultiplexer using standing-wave
enhanced electroabsorption modulator
with reduced driving voltage

Hsu-Feng Chou, Yi-Jen Chiu, L. Rau, Wei Wang,
S. Rangarajan, 1.E. Bowers and D.J. Blumenthal

Low power penalty 80 to 10 Gbit/s demultiplexing using a novel
standing-wave enhanced clectroabsorption modulator is reported. In
this new design, an electrical standing-wave pattern is formed delib-
erately along the travelling-wave electrodes, reducing the driving
voltage required for high-speed demultiplexing.

Introduction: The electroabsorption modulator (EAM) has been
shown to be a key component in realising high-speed optical time-
division multiplexing (OTDM) systems [ 1, 2]. The functionality of the
EAM includes pulse generation, data modulation, optical demulti-
plexing and clock recovery. Except for data modulation, which is
broadband in nature, the EAM is usually driven by a monotonic
electrical signal and acts as an optical gate. Thercfore, it is of interest
to improve the single frequency performance of the device. Recently
we reported a standing-wave enhanced mode of the EAM for 40 GHz
optical pulse generation [3]. In this Letter, we apply this concept to
10 Gbit/s and demonstrate 80 to 10 Gbit/s demutiplexing with
reduced microwave driving voltage. Previously, demultiplexing at
this bit rate using electrically gated EAM must be achicved with
tandem EAMs [4] or a single EAM with a high bias (10 V) and a high
driving voltage (11 V) [S].
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Fig. 1 Schematic drawing of operation modes

« Travelling-wave mode
b Standing-wave enhanced mode

Operarion modes: Travelling-wave electrodes (CPW lines) are incor-
porated into the EAM used in this Letter to overcome the RC time
limitation [6]. With >20 GHz of bandwidth, the length of the active
waveguide can be as long as 300 pum, resulting in a static extinction
ratio of mere than 50 dB [7]. The maximum modulation efficiency
can reach 30 dB/V for the TM polarisation. Travelling-wave opera-
tion was verified both experimentally and theoretically {8]. The
operation modes for the 80 to 10 Gbit/s demultiplexer are shown
schematically in Fig. 1. Tn the travelling-wave mede, the EAM is
terminated with a 50 Q load, whereas in the standing-wave enhanced
mode, an open termination is used instead to reflect the microwave
and forms a standing-wave along the CPW line. Since the length of
the active waveguide is only 1/20 of the 10 GHz microwave wave-
length, the termination CPW line is cleaved shorter so that the open
can be closer (~150 um) to the active waveguide to maximise
the microwave distribution. This deliberately formed standing-
wave increases the microwave swing inside the device with the
same driving voltage. The advantage of the standing-wave enhanced
mode is clearly demonstrated with a 10 GHz optical pulse generation,
as shown in Fig. 2. To generate pulscs with the same width, the
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standing-wave enhanced mode requires lower microwave driving
voltage.
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Fig. 2 Shortest pulse generuted against microwave driving voltage
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Demuliiplexing experiment: Fig. 3 shows the experimental setup for
the 80 to 10 Gbit/s OTDM demultiplexer. 10 GHz, 5 ps pulses at
1555 nm are generated from a modelocked fibre ring laser and
compressed to around 2 ps. This pulse train is modulated by a
LiNbO; modulator with 2*! — | PRBS and then optically multiplexed
to 80 Gbit/s. The standing-wave enhanced EAM is reverse-biased at
4 V and driven by 6.4 V,, of 10 GHz microwave. The gating window
is 7.3 ps for the TM polarisation and 10.6 ps for the TE polarisation.
Although the gating window of the TM polarisation is shorter, the
output power is 10 dB lower than that of the TE polarisation. There-
fore, TE polarisation is used in the experiment to get a better signal-
to-noise ratio. A phase shifter is adjusted manually to synchronise the
gating widow with the channel to be demultiplexed. Fig. 4 shows both
the input 80 Gbit/s and the demultiplexed 10 Gbit/s eyes. The
demultiplexed 10 Gbit/s eye is clearly open, The ripples are due to
the response of the photodetector. Bit error rate (BER) curves and
receiver sensitivities at 107° BER are shown in Fig. 5. The power
penalty is low and varies slightly from 0.4 to 0.7 dB. No error-floor is
observed and the slope of the demultiplexed curve is almost the same
as the back-to-back curve. These results well demonstrate that the
standing-wave enhanced EAM can be a high-performance OTDM
demultiplexer with a lower driving veltage.
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Fig. 3 Experimental setup for 80 to 10 Ghit/s demultiplexing
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Conclusions: 80 to 10 Gbit/s OTDM demultiplexing using a stand-
ing-wave enhanced EAM is demonstrated with reduced microwave
driving voltage. The averaged power penalty is 0.55 dB and no error-
floor is observed. We believe that the newly propoesed standing-wave
enhanced mode will also improve the performance of the EAM in
other single frequency operations,
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