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Abstract 200 Gb/s IM/DD transmission over 20-km SMF is demonstrated without any optical amplifiers,
achieving BER below the 6.25%-overhead HD-FEC limit, enabled by a broadband and high-power DML
with low-complexity digital equalizations. ©2022 The Author(s)

Introduction

Next-generation 800 Gb/s or 1.6 Th/s
datacom optical modules will be soon needed,
considering the bandwidth-scaling pace of
switches for data center networks and the
already-ongoing deployment of 400 Gb/s optical
modules. Single lane data rates of 200 Gb/s will
be desirable to reduce the lane count and
footprint [1]. Main technical considerations for
200 Gb/s/lane technologies towards
development include sufficient bandwidth from
the optoelectronics, adequate power budget to
support up to DR and LR applications, limited
footprint and power consumption from the
components and digital signal processing (DSP)
ASICs, and bounded latency from the forward
error correction (FEC) coder/decoder. In recent
years, many intensity-modulation and direct-
detection (IM/DD) transmission demonstrations
supporting over 200 Gb/s single-lane rates have
been reported [2]. Among these works, different
types of enabling broadband optoelectronic
components are employed, including
monolithically integrated transmitters such as
electro-absorption modulated lasers (EML) [3-7]
or directly modulated lasers (DML) [8], and
external modulator-based transmitters such as
silicon-photonic- [9], plasmonic- [10], or thin-film
Lithium Niobate- (TFLN) [11] Mach-Zehnder
modulators (MZM). Most of these encouraging
results reported on over 200 Gb/s IM/DD
transmissions are, however, achieved with the
assistance of optical amplifiers or complex DSP
algorithms. Digital equalizers of over hundred-tap
memory lengths, nonlinear equalizers based on
2" or 39-order Volterra series, or artificial neural

networks (ANN) are often employed to combat
the bandwidth (BW) limit and other
linear/nonlinear system impairments. Moreover,
many of these demonstrations were
benchmarked against the high-coding gain
soft/hard-decision FEC code limit with large
overhead (OH), which introduces unrealistically
large complexity and latency for datacom
applications. As we are approaching
standardization and practical development, it is
extremely challenging to simultaneously meet the
stringent requirements of high-bandwidth and
sufficient power budget while maintaining low
cost, low complexity, and low latency. Lately, a
200 Gb/s transmission over 10-km single-mode
fiber (SMF) with a high-power DFB+R laser was
successfully demonstrated with 800G compliant
DSP, achieving bit error rate (BER) performance
below 7% HD-FEC and KP4-FEC limit with long-
term stability [12]. Yet, the system-level
performance limit of such lasers remained to be
further explored with higher-speed electronics
and longer transmission distances.

In this paper, we report on a 200 Gb/s O-band
IM/DD system enabled by a 70-GHz-class
directly-modulated DFB+R laser, simultaneously
meeting the strict requirements of the power
budget of 20-km SMF transmission without any
optical amplification or high-complexity nonlinear
digital equalization techniques, achieving BER
performance below 6.25% OH HD-FEC limit. To
the best of our knowledge, this is the first
experimental demonstration of 200 Gb/s IM/DD
transmission fulfilling these practical
requirements simultaneously, carrying on the
momentum of developing high-baud rate IM/DD
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Fig. 1: Experimental setup. (a). A photo of the packaged DFB-R laser. (b). The P-I curve of the DFB-R laser with two kink
points where mode hops occur. (c). Optical spectrum at the laser output modulated with 106 Gbaud PAM4 signal operating
at bias point before kink 2. (d). Characterized end-to-end system amplitude response up to 50 GHz at two bias points
around kink 1 and kink 2. (e). Corresponding end-to-end system phase response up to 50 GHz.

solutions  for datacom

applications.

beyond 400 Gb/s

Experimental setup

Figure 1 shows the experimental setup and
measured components and system
characteristics. The DML used in this experiment
is a packaged module of a recently reported 70-
GHz-class DFB+R laser [13], a photo of which is
shown in Fig. 1 (a). The modulation performance
of the laser is enhanced by three key effects, i.e.,
the detuned-loading (DL) effect, the photon-
photon resonance (PPR) effect, and the in-cavity
frequency modulation (FM) -amplitude
modulation (AM) conversion. The DL effect
enhances the differential gain and reduces the
laser chirp, thus enhancing the DML BW. The
PPR effect resonantly amplifies the modulation
sidebands by exploiting the presence of the side
modes. The in-cavity FM-AM conversion results
in a high-pass response effect. The laser is driven
with an external bias-tee where the bias current
and the broadband modulation signal combine.
An arbitrary waveform generator (AWG, Keysight
M8199A) of 256 GSa/s sampling rate and up to
65 GHz bandwidth is used to generate the
modulation signals. The DML is operated at
17°C, and its P-I curve is shown in Fig. 1 (b). Two
kink points are observed with increased laser
drive current where the output power drops due
to mode hops. As the DL and the PPR effects are
maximized before the kinks, the laser bandwidth

is optimized by operating close to the kink points.
In the experiment, optimal bias points were found
around 8-9 mA before the kinks, as biasing the
laser too close to the kinks may cause instability
and lead to unwanted mode hops. Figure 1 (c)
shows the optical spectrum of the laser output
modulated with 106 Gbaud PAM signal when
biasing at 71 mA, close to kink 2. After
transmission over 20-km G.652 SMF, the signal
is received by a 70 GHz photodiode (PD) before
being amplified and captured by a 256 GSals
real-time digital storage oscilloscope (DSO,
Keysight UXR1104A) with 110 GHz bandwidth.
No optical amplifiers are used before or after the
fiber transmission. Figure 1 (d) and (e) show the
characterized end-to-end amplitude and phase
response, including the AWG, DML, PD, DSO,
and all electrical components in between,
measured close to the two Kkink points,
respectively. One can observe that a more
flattened amplitude response and a smoother
phase response are obtained when biasing the
laser close to kink 2 compared with kink 1.
Therefore, we keep the laser operating close to
kink 2 during the transmission measurements.
Transmitter-side static pre-equalizations are
performed to flatten the response up to 45 GHz
based on the pre-calibration.

Experimental results
Three modulation formats, namely NRZ, PAM4,
and PAMG6, are evaluated towards the maximum
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Fig. 2: Measured BER results as a function of received optical power at the PD for 150 Gbaud NRZ, 106 Gbaud PAM4 and
80 Gbaud PAMS signals before and after 20-km SMF transmissions. Six different digital equalization configurations are
shown for each tested case. Selected eye diagrams of the equalized signals at the receiver for each test case at respective
highest achievable received optical power are shown.

achievable data rates with this setup, with BER
upper-bounded by the 6.25% OH-HD-FEC limit of
4.5x103, and the complexity of DSP bounded to
symbol-spaced decision-feedback equalizers
(DFE) with a total number of taps below 50.
Figure 2 shows the measured BER performance
as a function of the received optical power at the
PD for all three modulation formats. For NRZ,
limited by its bandwidth, only up to 150 Gbaud
symbol rate was successfully achieved after the
20-km SMF transmission. 13-tap FFE + 3-tap
DFE is sufficient to compensate for the inter-
symbol interference (ISI) and suppress the high-
frequency noise enhancement to achieve below
the 6.25%-OH HD-FEC limit. For PAM4, we
achieved up to 106 Gbaud symbol rate with 21-
tap FFE + 3-tap DFE after the 20-km SMF. Lastly,
the transmission of up to 80 Gbaud PAMS6 is
supported with this experiment configuration, and
only 13-tap FFE is required to achieve a BER
below the corresponding FEC limit. Clear
tendencies can be observed by comparing the
three modulation formats at their maximum data
rate. From NRZ to PAMG6, due to reduced signal
bandwidth, the impact of DFE taps becomes less
significant due to reduced high-frequency noise
enhancement. Meanwhile, an increased BER
floor can be observed due to higher requirements
on SNR with increased amplitude levels.
Selected eye diagrams for all tested cases at the
highest achievable optical power are also shown
in Fig. 2. Excellent modulation linearity and noise
characteristics of the DML are verified as there
are no amplitude compressions at high-level
modulation formats, despite that no nonlinear
equalizers are employed.

Conclusions
System demonstration of 200 Gb/s
transmissions over 20-km SMF

IM/DD
is achieved

without any optical amplifiers or complex
nonlinear digital equalizers, benchmarked
against the 6.25%-OH HD-FEC limit. Key
enabling technologies are the high-power, low-
chirp, and broadband directly-modulated DFB-R
laser and the high-speed electronics to generate
and detect high-baud rate signals. This
demonstration can be considered a solid case for
carrying on the momentum of IM/DD
technologies for the beyond 400 G datacom
solutions.
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