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Abstract: The recent emergence of efficient O-band amplification technologies has enabled
the consideration of O-band transmission beyond short-reach. Despite the O-band being a low
chromatic dispersion (CD) window, the impact of CD will become increasingly significant
when extending the reach of direct-detection (DD) systems. In this work, we first numerically
investigate the 3-dB bandwidth of single-mode fibers (SMF) and the CD-restricted transmission
reach in intensity-modulation DD systems, confirming the significant difference between low-
and high-dispersion O-band wavelengths. We then carry out experimental transmission studies
over SMF for distances of up to 70 km at two different wavelengths, the low-dispersion
1320 nm and the more dispersive 1360 nm, enabled by the use of an O-band bismuth-doped
fiber amplifier as a pre-amplifier at the receiver. We compare three 50-Gh/s optical DD formats,
namely Nyquist on-off keying (OOK), Nyquist 4-ary pulse amplitude modulation (PAM4) and
Kramers-Kronig detection-assisted single-sideband quadrature phase shift keying (KK-QPSK)
half-cycle subcarrier modulation. Our results show that at both wavelengths, OOK and QPSK
exhibit better bit error rate performance than PAM4. When transmitting over 70-km of SMF at
the less dispersive wavelength of 1320 nm, 50-Gb/s OOK modulation offers more than 1.5-dB
optical power sensitivity improvement at the photodiode (PD) compared to 50-Gb/s QPSK.
Conversely, at 1360 nm, the required optical power to the PD can be reduced by more than 3
dB by using QPSK instead of OOK.

© 2021 Optical Society of America under the terms of the Creative Commons Attribution 4.0 License.

1. Introduction

Optical data transmission in the O-band of the spectrum (1260-1360 nm) retains its relevance
in short-reach (<40 km) applications, benefitting from both the low chromatic dispersion in
standard silica single-mode fibers (SMFs) and a mature and low-cost transceiver technology
[1-3], which together allow for high-speed communications using simple intensity modulation
and direct-detection (IM/DD) [4]. Various efforts have been reported in the literature in this
spectral band, including novel transceiver designs and high-speed demonstrations involving
both a single and multiple wavelengths [5-7].

The use of the O-band in transmission systems is generally restricted to short-haul
applications, mainly because of: (i) the relatively higher fiber loss (compared to the C-band),
indeed this loss difference becomes more significant with an increase in the transmission
distance, and (ii) the lack of efficient optical amplification in this wavelength range [8]. In
contrast, the C-band, apart from enjoying lower fiber propagation losses, also benefits from the
availability of erbium-doped fiber amplifiers, making it preferable when considering longer
reach applications. In this regard, further reach extension of O-band systems can only be made
possible once satisfactory amplification solutions are available. Optical amplification in the O-
band has typically relied on the use of either semiconductor optical amplifiers (SOAS) or
Praseodymium-doped fiber amplifiers (PDFASs) [9]. However, the SOA suffers from a high




noise figure, nonlinear distortions and normally exhibits a high polarization sensitivity, whilst
the PDFA offers a relatively narrow gain bandwidth and is costly, since it is not based on a
silica host glass [9-10]. Recently, the emergence of diode-pumped bismuth-doped fiber
amplifiers (BDFAs) has offered hope for a more promising solution for efficient O-band
amplification [9-13]. A few initial studies based on the use of BDFAs have already been
demonstrated, confirming their advantages over SOAs, such as much lower nonlinear
distortions, higher gain and wider bandwidth [9, 13-15]. Furthermore, the feasibility of high-
speed transmission using the BDFA for O-band amplification [16-17], including a 320-Gb/s
DD transmission experiment over a 50-km length of SMF was recently reported [17].
Therefore, we anticipate that the reach of currently deployed coarse wavelength division
multiplexed (CWDM) O-band systems can be extended through the use of BDFAs.

On the other hand, most of the previous transmission demonstrations focused on
wavelengths within a narrow near-zero-dispersion window to minimize the impact of chromatic
dispersion (CD) [5-7]. Considering the gain bandwidth of the aforementioned O-band BDFAs,
it is possible to realize high-speed transmission over longer distances across the O-band.
However, the impact of CD can no longer be neglected when extending the reach of O-band
systems and adopting more dispersive wavelengths. This results from the fact that the CD in
SMF is cumulative, thus despite the O-band being a low chromatic dispersion (CD) window,
the accumulating effects of CD may still cause severe power fading in IM/DD transmission,
and thus limit the transmission performance [17-18]. This becomes more prominent and can be
a critical issue when pushing the currently standardized short-reach 50-Gh/s/A CWDM O-band
systems (e.g. specified in IEEE 802.3bs [19]) to longer-reach scenarios, e.g. inter data center
interconnects, as enabled by novel O-band fiber amplifier technologies. To this end, the
investigation of modulation formats that are commonly specified in relevant standards,
including non-return-to-zero on-off keying (NRZ-OOK) and 4-ary pulse amplitude modulation
(PAM4), is critical for longer-reach O-band transmission.

In this work, we present both numerical and experimental studies of the impact of CD on
O-band transmission. In our numerical simulations, we chose a signal wavelength of 1320 nm
to investigate the performance near the zero-dispersion wavelength of the SMF, whilst 1360
nm was used to represent a more dispersive O-band wavelength. We contrast the impact of CD-
induced power fading at the two wavelengths after transmission over 70-km of SMF.
Consequently, we show that the achievable transmission reach at 1320-nm is around 5.4 times
longer than that at 1360-nm. We then experimentally implemented a DD transmission system
using these two wavelengths, to evaluate the transmission performance of Nyquist NRZ-OOK
and Nyquist PAM4 over varying distances, under the respective impact of CD. Kramers-Kronig
(KK) detection-assisted single-sideband quadrature phase shift keying half-cycle subcarrier
modulation (QPSK-SCM) [20] was also included in the study since it offers significantly
enhanced tolerance to CD-induced power fading. We focused our study on 50-Gb/s DD signals
(i.e., 50 GBaud for OOK, and 25 GBaud for PAM4 and QPSK-SCM), which is the currently
deployed data rate per wavelength in short-reach O-band systems, and gradually extended the
reach up to 70 km with the aid of a BDFA as a pre-amplifier. Our experiments show that at the
near zero-dispersion 1320-nm wavelength, OOK always exhibits the optimal bit error rate
(BER) performance at all reaches ranging from 10 km to 70 km. In comparison, at the more
dispersive 1360-nm channel, KK-QPSK shows better BER performance at distances beyond
50 km. At this wavelength and over a distance of 70 km, more than 3-dB receiver sensitivity
improvement was achieved at a BER threshold of 3.8<1073, i.e., the 7% forward error correction
(FEC) limit, when using the KK-QPSK format. To the best of our knowledge, this work
constitutes the first comparative investigation on the performance of 50-Gb/s double-sideband
and single-sideband formats in the O-band at distances that extend to 70 km.

2. Numerical simulations



In this Section, we numerically study the impact of CD on O-band IM/DD systems. The values
of the CD used at different wavelengths across the O-band are shown in Fig. 1(a), wherein the
corresponding range of CD values specified in the ITU G.652 standard is also included. The
smallest and largest CD values within this spectral range were assumed to be around -5.1 and
3.9 ps/nm/km at 1260 nm and 1360 nm, respectively. Using these CD values, we have simulated
the corresponding 3-dB bandwidths of the SMF for IM/DD transmission after 10 km and 70
km, respectively, as shown in Fig. 1(b). Note that the 3-dB bandwidth of SMF here refers to
the frequency at which the signal power is reduced by 3 dB when considering the CD-induced
power fading. It is seen that after 10-km, a bandwidth broader than 30 GHz can be used for
transmission across the O-band. In comparison, after transmission over a 70-km length of SMF,
the 3-dB bandwidth is reduced to just ~10 GHz at wavelengths on the edge of the band. In both
cases, as expected, the wavelengths close to the zero-dispersion wavelength of the SMF of
~1310 nm exhibit the broadest bandwidths.
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Fig. 1. (a) CD values of SMF in the O-band, and (b) numerical results of 3-dB bandwidth of
SMF for IM/DD transmission.

We further used 1320 nm and 1360 nm as examples of a near-zero and a more dispersive
wavelength to investigate the impact of power fading after 70-km length of SMF and the
allowable transmission reaches for different signal bandwidths, and the results are shown in
Fig. 2. The normalized response in Fig. 2(a) is the power spectrum of the signal after IM/DD
transmission in the SMF. Here, the CD values of the two wavelengths were assumed to be ~0.8
and 3.9 ps/nm/km, respectively, which agree well with what is observed in the transmission
experiments that follow in Section 4.2. As shown in Fig. 2(a), when using the 1320-nm
wavelength, the CD-induced power fading is minor for frequencies up to 25 GHz after 70-km
transmission. In contrast, a spectral null occurs at around 17.5 GHz if transmitting at 1360 nm
instead. The spectral null results from the CD-induced phase difference between the optical
carrier and the sidebands of the signal, which leads to a succession of nulls in the power
spectrum, an effect commonly referred to as power fading in IM/DD transmission [4]. As a
result, the 1320-nm wavelength is capable of supporting ~5.4 times longer reach than that of
the 1360-nm wavelength, as shown in Fig. 2(b). Note that the reach here is defined as the
transmission distance after which the full bandwidth of the baseband electrical signal (i.e., the
x-axis in Fig. 2(b)) will experience 3-dB power fading. More details regarding this definition
can be found in [21]. It is worth noting that the CD effects on DD transmission discussed above
can be combated/compensated for in different ways. One viable solution is to use dispersion
compensating fibers in the transmission link, which however will introduce additional link loss
as well as nonlinearity issues. On the other hand, advanced signal processing [22] and the
single-sideband modulation (e.q., the KK-QPSK used in this work) can also be adopted to
combat the CD effect. We note that the impact of higher-order dispersion is negligible for the
reaches discussed in this work [23], hence is not considered here.




o
=

0

= .
Z 5 E
Q
g 10 § 10°
O -
& 2
& 15 5
E 20 5 10
s £ (b)
Z 25 —g— 1320 nm —o— 1320 nm

—4— 1360 nm —&— 1360 nm

_30 1 1 1 1 101 1 1 L
0 5 10 15 20 25 5 10 15 20 25
Frequency (GHz) Bandwidth of Electrical Signal (GHz)

Fig. 2. (a) The profiles of CD-induced power fading after a 70-km length of SMF using the
1320-nm and 1360-nm wavelengths, and (b) allowable transmission reach versus bandwidth of
the electrical signal for 1320 nm and 1360 nm..

3. Experimental setup

To evaluate the impact of CD-induced power fading on the transmission performance of
different modulation formats, we experimentally implemented a 50-Gb/s O-band DD system
using the same two wavelengths of 1320 nm and 1360 nm. Figure 3 shows the experimental
setup, as well as the corresponding block diagrams of the offline DSP used. At the transmitter,
an O-band tunable laser operating at 1320 nm or 1360 nm was used as the optical carrier. The
output power of the tunable laser was set at 13 dBm for both wavelengths. A dual-drive Mach-
Zehnder modulator (DD-MZM) was used to generate the OOK/PAM4/QPSK-SCM signals.
This was realized by using two individual channels of an arbitrary waveform generator,
followed by respective electrical amplifiers (EAs). Note that the DD-MZM was biased at the
quadrature point (3.5V) for all of the three modulation formats and the driving signal
amplitudes for different formats were optimized separately to ensure a fair comparison. The
output of the DD-MZM was then launched into 10/20/35/50/70-km lengths of SMF, and the
launch power to the SMF was around 3 dBm. For the 10-km and 20-km cases, no optical
amplification/filtering was adopted, whilst a BDFA [12] and a 1.2-nm optical bandpass filter
(OBPF) were used in the 35/50/70-km cases for pre-amplification and out-of-band noise
filtering at the receiver, respectively. The corresponding losses of the SMFs were measured to
be around 3.2/6.4/11.8/17.1/24.2 dB, respectively. Therefore, for the 35/50/70-km cases, the
input power to the BDFA was around -8.8/-14.1/-21.2 dBm, respectively. The insertion loss of
the OBPF was less than 1.5 dB. Subsequently, a variable optical attenuator was used to control
the optical power that was injected into the photodetector (PD, Finisar XPRV2022A) which has
an integrated trans-impedance amplifier. A 99:1 tap coupler was used to monitor the optical
power to the PD. The detected signal at the PD was captured by an 80-GSa/s digital storage
oscilloscope (DSO) for further offline processing. We note that in this length-resolved study,
the BDFA was not employed when the transmission distance was not long enough (<35 km) to
justify its use. Therefore, for consistency, whenever the BDFA was in place (transmission over
35/50/70 km), it was considered to be part of the transmission line, and we therefore varied the
power fed into the PD whenever we needed to evaluate the BER and signal-to-noise ratio (SNR)
performance of the different formats. This methodology is appropriate in this study since our
scope is to study the impact of CD on the data transmission.
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Fig. 3. Experimental setup and the configuration of the BDFA (upper), and the block diagrams
of the offline DSP of PAM4/O0K and KK-QPSK (lower).

A sketch of the BDFA is also depicted in Fig. 3. It includes a 150-m length of
phosphosilicate bismuth-doped fiber, which was pumped bidirectionally by two laser diodes
operating at 1267 nm and 1240 nm, respectively, to ensure >40-nm broadband operation. The
total power of the two lasers is around 720 mW. For both the 1320-nm and 1360-nm
wavelengths used in this work, the BDFA offers a gain of around 22 dB whilst the noise figure
at 1360 nm was slightly smaller than at 1320 nm [12, 24], ensuring that the BDFA had a
negligible impact on comparing the performance of 1320-nm and 1360-nm transmission in this
work. Note that while we focused on single-wavelength operation in this work, the BDFA with
its >40-nm bandwidth and >20-dB gain, is also suitable for use as a booster/in-line/pre-
amplifier in CWDM and dense WDM applications, as has been validated in [14-16, 25].

The signals were generated and prepared for transmission offline. In the cases of
OOK/PAM4, the binary inputs were first mapped into OOK/PAM4 symbols. The mapped
symbols were then 90-times up-sampled before Nyquist shaping was applied via the use of a
square-root-raised-cosine filter (SRRC). The roll-off factor of the SRRC filter was 0.1. The
filtered signal was then 50-times (OOK) or 25-times (PAM4) down-sampled. The resulting
sequence and its inverse were fed into two individual channels of the AWG operating at 90
GSals, and the generated complementary signals were finally used to drive the DD-MZM. Upon
reception, the captured signal from the DSO was first synchronized and then re-sampled before
performing the matched SRRC filtering. After that, a half-symbol-spaced decision feedback
equalizer (DFE) with 17 feedforward taps and 7 feedback taps was implemented, wherein the
recursive least-squares (RLS) algorithm with a forgetting factor of 0.998 was used. The
equalized signal was finally OOK/PAM4 de-mapped, and the corresponding BER was obtained
via error counting by comparing the de-mapped bits with the original input bits. For the KK-
QPSK, QPSK mapping was performed before 90-times up-sampling was carried out. A pair of
SRRC filters with a roll-off factor of 0.1 (the same as in the OOK/PAMA4 cases) were then used
to realize Nyquist shaping for the | and Q components of the up-sampled signal. Following this,
the obtained | and Q signals were up-converted to a subcarrier frequency of 0.52 times the
symbol rate, and then subtracted from one another before 25-times down-sampling. Finally, a
digital Hilbert transform was performed and the resulting | and Q signals were sent to the two
channels of the 90-GSa/s AWG. At the receiver, the captured signal was first 6-times up-
sampled before using the KK algorithm [26] to recover the 1 and Q components. The resulting
signal went through synchronization, re-sampling, SRRC matched filtering, down-conversion



and the same DFE-RLS equalization as used in the OOK/PAM4 cases, and finally QSPK de-
mapping was performed. We highlight that to make a fair comparison, the DSP was nearly
identical in all of the three modulation formats, apart from an additional up-sampling and KK
detection that were implemented for the recovery of QPSK-SCM. As for the device
requirements, the experimental setup also remained unchanged for all formats to ensure fairness

in the investigations.
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Fig. 4. Optical spectra of the 50-Gb/s signals: (a) PAM4, (b) OOK, and (c) QPSK-SCM. The
resolution was 0.01 nm for all cases.

Figure 4 shows the corresponding optical spectra of the 50-Gb/s PAM4, OOK and QPSK-
SCM signals in the 1320-nm and 1360-nm cases. It is seen that the OOK signal occupied twice
the bandwidth compared to PAM4, as expected. For the QPSK-SCM signals, the short-
wavelength sidebands were suppressed with a suppression ratio of around 20 dB, and their
optical spectral efficiency is comparable to that of PAM4.
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4. Experimental results
4.1 BER and SNR versus optical power to PD

We first present BER and SNR results that were obtained at the two wavelengths of 1320 nm
and 1360 nm over three lengths of SSMF, namely 10, 35 and 70 km. The BERs versus optical
powers to the PD and the corresponding SNRs after 10-km of SMF are shown in Fig. 5. As
shown in Figs. 5(a)&(c), the best receiver sensitivity was achieved when using the OOK format.
Although PAM4 occupies around half the electrical bandwidth of both the OOK and the QPSK
signals (hence has a greater tolerance to CD), it requires a substantially higher linearity and
SNR to achieve the same BER as either OOK or QPSK. Therefore, it exhibited the greatest
power penalty at both wavelengths.
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Fig. 5. The transmission performance after a 10-km length of SMF at 1320 nm: (a) BER versus
optical power to the PD and (b) SNR versus optical power to the PD; and at 1360 nm: (c) BER
versus optical power to the PD, and (d) SNR versus optical power to the PD.

At both wavelengths, OOK offered receiver sensitivity improvements of ~1.5 dB and ~4
dB compared to QPSK and PAMA4 at the 7% FEC limit, respectively. At the same optical power
to the PD, OOK showed a SNR advantage of ~2.5 dB over QPSK, as shown in Fig. 5(b)&(d).
This was mainly attributed to the inferior receiver sensitivity of KK detection compared to
IM/DD [27-28]. The non-ideal method for generating the single-sideband signal generation
using the DD-MZM has also contributed to this SNR penalty. Finally, the figure indicates that
for each individual format, the BER and SNR performance were comparable at the two
wavelengths. This results from the fact that at this relatively short transmission distance, the
impact of CD effects is minimal, as has been indicated in Fig. 1(b).

The corresponding transmission results obtained at a distance of 35 km are shown in Fig. 6.
It is seen that the performance of PAM4 and QPSK remained largely the same at the two
wavelengths (compared to Fig. 5), both in terms of BER and SNR. Extension of the reach from
10 km to 35 km introduced some minor performance degradation in both of these formats,
which is mainly due to the additional noise arising from the use of the BDFA. Furthermore,
although OOK still achieved the lowest BER at the same optical power to the PD amongst the
three formats, different degrees of performance degradation were observed in the 1320-nm and
1360-nm cases. In the 1320-nm case, the BER performance of OOK was slightly degraded and
the corresponding SNR advantage over QPSK at the same optical power to the PD was only
reduced from ~2.5 dB in the 10-km case to ~2 dB, as shown in Fig. 6(a)&(b). In contrast, at
1360-nm, a significant performance degradation of the OOK was observed (Fig. 6(c)), which
resulted in only a minor PD sensitivity improvement when compared to the QPSK format at
the 7% FEC limit. Accordingly, the SNR advantage of OOK over QPSK was only ~0.5 dB, as
shown in Fig. 6(d).

A comparison between the two sets of results at 1320 and 1360 nm suggests that of the three
formats, OOK has been impacted the most by CD. Performance degradation is not as prominent
on PAM4, thanks to its electrical bandwidth being half as broad as that of OOK (therefore,
enjoying enhanced tolerance to CD). The high tolerance of KK-QPSK to CD-induced power
fading is also demonstrated here.
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versus optical power to the PD, and (d) SNR versus optical power to the PD.
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Fig. 7. The transmission performance after 70-km length of SMF at 1320 nm: (a) BER versus
optical power to the PD and (b) SNR versus optical power to the PD; and at 1360 nm: (c) BER
versus optical power to the PD, and (d) SNR versus optical power to the PD.

As mentioned in Section 2, the impact of CD on high-speed IM/DD transmission can be
quite significant even within the O-band when the distance is further increased. This is
demonstrated through transmission of the three formats over 70 km of SMF. Figure 7 shows
the BER and SNR results of the three formats at 1320 nm and 1360 nm. For the near zero-
dispersion wavelength of 1320 nm shown in Fig. 7(a)&(b), the 50-Gh/s OOK signal still
exhibited more than 1.5-dB optical power sensitivity improvement at the PD compared to 50-
Gb/s QPSK at the 7% FEC limit. This results from both the CD being too low and thus not
having a notable impact on the transmission performance at this data rate and reach (as
indicated in Fig. 2), and the recovery of the single-sideband QPSK suffering from a reduced
receiver sensitivity to fulfil the KK condition [17, 28]. Once again, PAM4 exhibited the worst
BER performance at any given optical power to the PD; indeed, it was not possible to achieve
a BER lower than the 7% FEC limit with an optical power to the PD of up to -10 dBm after
transmission over this distance. In comparison, as shown in Fig. 7(c)&(d), at the more
dispersive 1360-nm wavelength, the 50-Gh/s QPSK signal which offers enhanced tolerance to
CD, achieved the best BER performance amongst the three formats, and was the only one that
could support BERs below the 7% FEC limit. More than 3-dB optical power sensitivity
improvement at the PD was obtained compared to OOK. Accordingly, QPSK offered a SNR
enhancement of ~2 dB over OOK, as shown in Fig. 7(d).

4.2 Comparison of the electrical spectra

In order to shed some better understanding on the results presented above, we discuss here the
features of the electrical spectra of the 50-Gb/s OOK, PAM4 and QPSK signals at both
wavelengths after 10-km and 70-km SMF transmission. Fig. 8(a) shows that OOK suffered
negligible power fading after 10-km transmission at either wavelength. The power fading effect
of OOK was still minor after 70-km transmission at 1320 nm, in contrast to 1360 nm, where
severe fading within the signal’s bandwidth can be observed at ~17.5 GHz, as shown in Fig.
8(b). Note that this agrees well with the simulation result shown in Fig. 2(a). The PAM4 spectra
are shown in Figs. 8(c)&(d) and indicate that power fading was also negligible at both
wavelengths after 10-km transmission, as expected. When the reach was extended to 70 km,
power fading at 1360 nm was slightly more severe than that at 1320 nm due to the higher CD.
However, in contrast to OOK, no spectral null was experienced within the signal bandwidth,
which resulted from the narrower bandwidth of the PAM4 format. In comparison, the single-
sideband QPSK modulation ensured that no power fading is present, as shown in Fig. 8(e)&(f).
Note that the DC components of the QPSK signals were excluded in the spectra for ease of
presentation.
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4.3 Required optical power to PD versus reach of different formats

Figure 9 shows the required optical power to the PD versus reach for the three different formats
at the BER threshold of 2x107?, i.e. the 20% FEC limit. The results obtained at the two
wavelengths of 1320 nm and 1360 nm are presented. At both wavelengths, PAM4 suffered the
worst performance, as it required the highest optical power to the PD to fulfil the BER
requirement. Furthermore, it is shown that for the low-dispersion 1320-nm wavelength, OOK
achieved the best PD sensitivity regardless of the transmission distance. In comparison, at the
more dispersive 1360-nm wavelength, QPSK exhibited superior PD sensitivity at lengths >50
km where the CD-induced power fading started to impose more significant performance
degradation on the OOK transmission.
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Fig. 9. Required optical power to the PD at the BER threshold of 210 for (a) 1320-nm
transmission, and (b) 1360-nm transmission.

Table 1 and Table 2 show the BER comparison of the three different formats for the 1320-
nm and 1360-nm wavelengths, respectively. The optical powers to the PD were fixed to -14
dBm in all cases. Similar to the receiver sensitivity results shown in Fig. 9, PAM4 suffered the
worst performance at both wavelengths. For the low-dispersion 1320-nm wavelength, OOK
achieved the lowest BER regardless of the transmission distance. In comparison, at the more
dispersive 1360-nm wavelength, QPSK exhibited superior BER performance at lengths >50
km where the CD-induced power fading started to impose significant performance degradation
on the OOK transmission.

The results of the two representative O-band wavelengths above indicate that for O-band
WDM transmission which can be realized using either frequency combs [29] or multiple laser
sources, channels close to the zero-dispersion wavelength will exhibit better performance than




those at more dispersive O-band wavelengths. It is therefore anticipated that single-sideband
modulation (e.g., the KK-QPSK used in this work) will be preferred in longer-reach O-band

WDM systems.
Table 1 Comparison of the BERs of different formats after different reaches at 1320 nm

. Reach  1om  20km  35km  50km  70km
ormat
PAMA 1107 12x07 14x107 15x10° 48107
OOK <1x107  <1x10%  <1x0°  <1x07 150"
OPSK 2.3x07  2.4x107  3.7-10° 43-10° 23107

Table 2 Comparison of the BERs of different formats after different reaches at 1360 nm

Reach  1oym  20km  35km  50km  70km
Format

PAM4 2.6x102  2.7x10% 2.9x10° 3.3x10% 6.6x107
OOK <1x10*  <1x10*  4.7x10*  4.8x10° 2.2x10?
QPSK 6.8x10* 8x10* 1.3x10°  2.7x10° 7.8x10°

5. Conclusions

We have presented numerical and experimental studies of the impact of CD on O-band DD
transmission. It has been shown that despite the O-band being a low-CD window as a whole,
significant performance differences can be experienced between the near-zero-dispersion
wavelengths and more dispersive wavelengths. The 1320-nm wavelength can theoretically
support ~5.4 times longer reach than that of the 1360-nm wavelength thanks to its lower CD.
We have further experimentally evaluated the impact of CD on the transmission performance
of 50-Gb/s PAM4, OOK and single-sideband QPSK formats in the O-band at distances that
extended to 70 km using a BDFA as a pre-amplifier. The experimental results show that
although OOK achieves the best receiver sensitivity at wavelengths where the dispersion is
near-zero, in more dispersive regions of the O-band, the QPSK format becomes preferable,
highlighting that over such distances, the CD at longer wavelengths of the O-band transmission
can no longer be neglected. In these instances, single-sideband QPSK offers the best
performance: it is demonstrated that more than 3-dB receiver sensitivity improvement over
OOK can be achieved after 70-km SMF transmission at 1360 nm. We believe that our results
offer an insight into the possible evolution of O-band transmission towards longer-distance,
higher-capacity WDM transmission, which can be enabled by novel fiber amplification
technologies.
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