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91 nm bandwidth low-noise amplifiers enable
120 Tbit/s on a single fibre
During the last few months Xtera and University College London (UCL) have worked together to explore how
large capacities can be achieved based on technology which can be industrialised. Using hybrid EDFA /
Distributed Raman Amplifiers, the result is a record breaking capacity of 120 Terabit/s on a single fibre, over
9 spans of 70 km.
More details of the experiment will shortly be posted on the arXiv platform: https://arxiv.org/
To ensure that the design could be industrialised the amplifiers used were based on the hybrid Raman-EDFA
design that Xtera currently uses for subsea amplifiers, with the bandwidth increased by adding extra Raman
pumps. The high order modulation (256QAM) and sophisticated adaptive FEC are both technologies which,
while more complex than those used in existing commercial modules, don’t require a major jump in
technology. Accordingly, Xtera and UCL believe that we have demonstrated a practical route to the higher
capacities that will be demanded in the future.
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CAPACITY LIMITS
The capacity of an optical communication system is
limited by a combination of noise (generated by
optical amplifiers & transceiver modules),
distortion caused by optical ﬁbre nonlinearity and
overall optical bandwidth.
Advances in digital signal processing (DSP),
modulation formats [1], high speed electronics,
single-mode ﬁbres and broadband optical
ampliﬁcation, have resulted in recent landmark
transmission results, with demonstrations of
capacities exceeding 70 Tbit/s over transatlantic
distances [2] and an overall capacity record of 115.9
Tbit/s over 100 km [3]. They are summarised in the
following figure.

components which add loss and also create a small
gap in the transmission bandwidth, which is limited
to around 75 nm.
While the SOA offers continuous amplification, it
has relatively high noise ﬁgure, so system
performance decreases rapidly with distance.
The hybrid EDFA / Distributed Raman Amplifier,
pumps the transmission fibre, creating Raman gain
in what would otherwise be a lossy fibre and
extending the bandwidth beyond that of an EDFA.
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This results in a very low noise figure; the
amplifiers used for this experiment achieved 3 dB at
1525 nm and -0.5 dB at 1616 nm. By contrast
EDFAs offer a noise figure of 4-5 dB. All-Raman,
as used in [4] and [5] also gives very low noise, but
requires more power than the hybrid solution.
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Figure 1 – Recent capacity records

The previous record [3] was 115 Terabit/s over 100
km, using a Semiconductor Optical Amplifier
(SOA), while other recent results have used parallel
C-band and L-band Erbium Doped Fibre Amplifiers
(EDFAs).
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Figure 2 – Simplified schematic of C+L
The C+L configuration needs splitter / combiner
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To minimise non-linear penalties, power density
must be controlled, which is usually achieved by the
use of large core fibres. However, for Raman gain,
a standard core fibre is desirable, to maximise the
pump power density. To achieve both objectives,
each span consisted of large core (Sumitomo
Z+150) fibre at the launch and 80 micron core
(Sumitomo Z) at the receive end.
This combination has the benefits of using a
relatively standard and economical fibre for a
significant fraction of system. And while cabling a
mix of fibres might seem complicated for the
terrestrial world it has been a norm in submarine
cables for many years.
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The architecture shown above is very similar to that
used in Xtera’s subsea repeaters, with additional
Raman pumps (at longer wavelengths) extending
the bandwidth to 91 nm.
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Figure 3 – Simplified schematic of C+L hybrid
EDFA / Distributed Raman Amplifier
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The 256QAM format (made possible by the high
SNR) allowed the transmission of more capacity:
for comparison, references [4] and [5] used
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64QAM.
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