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Abstract We demonstrate 8-channel WDM transmission with 200 Gb/s net bit-rate per wavelength
enabled by a hybrid-integrated comb source with 6 dBm output power per channel and without optical
amplification. We show unamplified transmission across 820 m of standard single mode fiber in the C-

band. ©2023 The Author(s)

Introduction
Short-reach optical systems, such as for
datacenter interconnects and high-performance
computing [1-2], can scale their capacity through
architectures that use multiple wavelengths with
coarse channel spacing and simple modulation
formats (e.g., on-off keying or 4-level pulse
amplitude modulation) instead of more complex
coherent technologies [3]. These systems
typically leverage arrays of compact, low-power
and high-bandwidth electro-optic modulators,
that can operate across broad wavelength bands,
such as microring modulators [2], surface-normal
electroabsorption modulators [4] or waveguide-
based electroabsorption modulators [5].
Furthermore, these systems can benefit from
the use of comb sources and multi-wavelength
lasers, that can be used as central light sources
[6] and that generate many wavelengths with a
single integrated device [2,7-9]. These devices
include, e.g., arrays of distributed feedback
lasers combined with a multiplexer [2], quantum-
dot comb lasers [7] and Kerr-frequency combs
[8]. However, many of these approaches, such as
Kerr frequency combs, have often low optical
output power, and require additional optical
amplifiers to have sufficient power for modulation
and to meet the power budget of the system.
Here, we use a hybrid-integrated comb
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source, that we recently demonstrated [9], with
~6 dBm optical power per wavelength, to enable
an 8).x200 Gbh/s wavelength division multiplexing
(WDM) system without optical amplification. The
results align well with the emerging industrial
demand of 1.6T transceivers which are expected
to be in mass production in a few years [10]. Our
comb source is made by hybrid integration of
reflective  semiconductor optical amplifiers
(RSOAs) and a silica chip. We show transmission
in the C-band across spans of standard single-
mode fiber (SSMF) up to a length of 820 m
(dispersion ~13.6 ps/nm). Our transmission
results in the C-band can be potentially obtained
as well in the O-band (with a much longer reach
for the same dispersion tolerance), where many
short-reach intensity-modulation direct detection
systems operate, since our comb source
approach can be re-designed for operation in
different wavelength ranges.

Hybrid-Integrated Comb Source

Figures 1(a-b) show a photograph and a circuit
schematic of our hybrid-integrated comb source,
made of 16 IlI-V based RSOAs integrated with a
passive silica chip. The RSOAs have high-
reflectivity (HR) back facets, which form the first
mirror of the comb laser, and anti-reflection
coatings on the front facets. The silica chip hosts
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Fig. 1: (a) Photograph and (b) schematic of the hybrid-integrated comb source. (c) Output spectrum when 8 RSOAs are
activated (one every two): the output has 8 channels with 200 GHz spacing, each channel has ~6 dBm optical power.
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Fig. 2: (a) Setup used in the transmission experiments with the hybrid-integrated comb source. (b) Optical spectrum of the
8x120 Gbaud PAM-4 WDM signal measured after the MZM. Channels are numbered from long to short wavelengths.

a 16x1 channel arrayed waveguide grating
(AWG) with 100 GHz channel spacing and a
Sagnac loop, that behaves as the second, partial-
reflectivity, mirror of the comb laser. Each RSOA
is coupled to one of the 16 input waveguides of
the AWG by a pair of ball lenses (32 in total). The
AWG passbands select a narrow band from the
RSOAs broadband spectrum. On increasing the
RSOAs currents, lasing on each channel occurs
when the roundtrip gain is higher than the
roundtrip cavity loss. Also, the AWG combines
the light of each RSOA on the same output
waveguide and its channel spacing determines
the spacing between the comb wavelengths.

The comb source of Figs. 1(a-b) can emit 16
wavelengths spaced by 100 GHz; however, in
this work we target 8 channels with 200 GHz
spacing, and since each channel can be
activated independently from the others, we turn
on one every two RSOAs. Also, we optimize the
RSOAs currents to equalize the output power of
the channels [minimum current for channels 2
and 7 (130 mA) and maximum for channel 1 (210
mA)]. As shown in Fig. 1(c), the output spectrum
of the comb source is made of 8 continuous-wave
(CW) wavelengths, spaced by 200 GHz; each
wavelength has ~6 dBm optical output power
(with a difference between highest and lowest
power channels of ~0.4 dB). The linewidth of the
channels is on the order of few kHz [9].

Transmission Experiments

Figure 2(a) shows the setup for the transmission
experiments. CW light at the comb source output
is sent to a lithium niobate Mach-Zehnder
modulator (MZM) with 35 GHz bandwidth and
smooth frequency response decay. The total
optical power at the comb source output is ~15
dBm (i.e., ~6 dBm/)A). An isolator at the comb
source output minimizes optical reflections and a
polarization controller (PC) optimizes the

polarization at the MZM input. We bias the MZM
at the quadrature point and drive it with a 120
Gbaud PAM-4 electrical signal generated by a
120 GSa/s digital-to-analog-converter (DAC)
sampling at one sample per symbol. A radio-
frequency (RF) amplifier with 55 GHz frequency
response and 23 dB gain increases the DAC
signal before application to the MZM. Linear pre-
equalization is performed to compensate for the
frequency response roll-off from both the DAC
and the modulator. Figure 2(b) shows the optical
spectrum of the 8-channel WDM signal after the
MZM. Channels are humbered from long to short
wavelengths. The total optical signal power at the
MZM output is ~7.1 dBm.

We investigated transmission performance of
the channels up to 820 m of SSMF (dispersion
~16.6 ps/nm/km). The accumulated dispersion of
~13.6 ps/nm after 820 m corresponds to about 7
km SSMF transmission at 1330 nm. The receiver
is composed by a wavelength selective switch
(WSS) with 200 GHz passband that selects the
channel under test from the comb of transmitted
channels. Then, the channel under test is
detected with a 70 GHz photodetector (PD) and
a 256 GSals real-time oscilloscope (RTO) with
113 GHz electrical bandwidth. Due to the lack of
a transimpedance amplifier in the PD, an RF
amplifier with 60 GHz bandwidth and 22 dB gain
is used to increase the PD output signal to match
the RTO sensitivity. No optical amplification is
used in our experiments.

To measure the bit-error-ratio (BER) of the
channels we perform offline digital signal
processing (DSP) at the receiver. Our DSP
includes timing recovery, a 400-tap feed forward
equalization (FFE) at 2 samples per symbol
(sps), a maximum likelihood sequence estimation
(MLSE) at 1 sps with 1-tap memory (i.e., 16
states for PAM-4 signals), and the symbol
decision. Figure 3(a) shows the BER of the
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Fig. 3: (a) BER of the channels in back-to-back and after
820 m of SSMF. (b) BER of the best and worst channels
versus transmission length and dispersion. To achieve
different transmission lengths, we cascaded several
SSMF spools (6 in total for 820 m length); the total
additional optical loss of the spools including connectors is
~0.8 dB for 820 m with respect to the back-to-back case.

channels in back-to-back and after 820 m of
SSMF: the BER of all channels is under the
threshold of the hard-decision (HD) forward error
correction (FEC) with 20% overhead (1.44x102)
[11] in both cases. The net bit-rate per channel is
200 Gb/s. Channel 3 has best BER and channel
6 has the worst: differences from channel to
channel primarily come from differences in optical
power at the PD which, in back-to-back, range
from -5.3 dBm for the best channel (n. 3) to -6.2
dBm for the worst channel (n. 6). Besides ~0.4
dB power difference between best and worst CW
comb tones, the remaining power variation
mainly comes from the WSS. Also, the penalty
after 820 m with respect to back-to-back is mostly
due to the lower power at the PD in this case. In
fact, the 820 m length was obtained by cascading
several SSMF spools (6 in total) of shorter
lengths with 0.8 dB total additional loss (including
connectors) compared to the back-to-back case.
In Fig. 3(b) we show the BER of the best and
worst channels versus propagation distance
across SSMF and dispersion. As shown by the
BER of the worst channel, transmission is under
the 20% HD-FEC level up to 820 m of SSMF
(dispersion ~13.6 ps/nm) for all channels, with
best BER after about 280 m of SSMF (dispersion
~4.6 ps/nm). In our system with no optical
amplification, the BER after fiber transmission is
impacted by the interaction of the fiber dispersion
with the residual chirp of the MZM, and by the
additional optical loss of the fiber spools.

Power Budget Discussion

Since our system is limited by the receiver
sensitivity, the BER and the margin available can
be further improved by increasing the output
power of the comb source channels. Figure 4(a)
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Fig. 4: (a) Receiver sensitivity of the 120-Gbaud PAM-4
signal in back-to-back with only one channel active and
without WSS before the PD. (b) Output power of one
channel of a separate comb sample built to show the
power improvement that can be obtained with our design.
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shows the receiver sensitivity measured in back-
to-back with only one comb source channel
active and without the WSS before the PD. A 3
dB improvement in the output power of the comb
source channels would provide 3 dB higher
power at the PD and, according to Fig. 4(a),
would improve the back-to-back BER of the worst
channel, that is 8x10° with -6.2 dBm optical
power at the PD [Fig. 3(a), channel 6], to 10-3.
Indeed, our comb source design allows to
obtain higher output power than the ~6 dBm/A
used in this work. As discussed in [9], to sustain
higher power when many comb source channels
are active, a better cooling of the RSOAs and
thermal isolation is needed. To prove the
potential power improvement, we built a separate
comb source sample, with same design as in
Figs. 1(a-b) but where we assembled only one
RSOA (i.e., one active channel). In this sample,
we measured the optical output power versus
RSOA current [Fig. 4(b)]: the power can be
increased to ~12.9 mW (11.1 dBm) at 300 mA,
which represents a 5 dB improvement compared
to the comb source prototype used in this work.
Finally, this potential 5 dB improvement in output
power of the comb source channels may provide
additional margin needed in a real WDM system
where a demultiplexer and multiplexer would be
used at the transmitter to separate the comb
source channels and then recombine them again
after being modulated by an array of modulators.

Conclusions

We demonstrated 8Ax200Gb/s WDM
transmission without optical amplification using a
hybrid-integrated comb source with ~6 dBm
optical output power per channel.
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