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Abstract: Optical single sideband signals generation using two silicon micro-ring resonators
is demonstrated for 5.3-GHz wideband OFDM modulation. Transmission at 14.69 Gb/s over
100-km SSMF is made possible thanks to the SSB filtering provided by the MRRs.

OCIS codes: (060.4510) Optical communications; (130.3120) Integrated optics devices; (130.7408) Wavelength
filtering devices.

1. Introduction

All optical access network standards released so far are based on intensity modulation (IM) at the transmitter side
and direct detection at the receiver side with traditional non-return-to-zero (NRZ) modulation format. In practical im-
plementations, directly modulated lasers (DMLs), typically distributed feedback (DFB) lasers, and electro-absorption
modulated lasers (EMLs) are commonly used to perform electro-optical conversion. In spite of their simplicity and
cost effectiveness, IM/DD systems incorporating DMLs and EMLs are unable to provide high bit-rates over long
distances as required to fulfill the needs of future access networks, as a result of fibre group-velocity dispersion.
Consequently, the latest 40-Gb/s next-generation passive optical network (NG-PON2) standard is oriented towards
wavelength division multiplexing (WDM) solutions consisting in multiplexing four 10-Gb/s NRZ modulated chan-
nels [1]. Increasing the number of WDM channels to provide higher bit-rates than NG-PON?2 is however not preferred
because of the requirement for transceivers with highly accurate wavelength detuning and colourless operation [1]. To
achieve higher bit-rates, it is essential to increase the bit-rate per WDM channel beyond 10 Gb/s. Even if the already-
deployed bandwidth-limited transceivers are kept, such an objective could still be reached thanks to the use of highly
spectrally-efficient multi-carrier modulation formats, such as orthogonal frequency division multiplexing (OFDM).
When used in a direct-detection compatible way, such formats are however well known to suffer from dispersion-
induced power fading, unless single sideband (SSB) modulation is used [2]. While SSB signals can be generated from
complex in-phase and quadrature (IQ) external modulators, this solution results in footprints and power consumptions
that are incompatible with access systems. Consequently some reliable and cost-effective methods to synthesise SSB
OFDM signals from DMLs are sought.

In this work we report on the use of a DML followed by two micro-ring resonators (MRRs) in series to generate
SSB optical signals for wide-band OFDM modulating signals. The SSB filtering allows transmission of a 14.69-Gb/s
OFDM signal over 100-km standard single-mode fibre (SSMF).

2. Principle of the technique

The use of a single MRR at the output of a DML to reject one of the modulated sidebands has been extensively
reported. However, the Lorentzian-shaped transfer function of the MRR has limited its use as a narrow-band filter
acting far away from the optical carrier. Optical filters with sufficient rejection based on MRRs in series have been
very recently proposed [3], where the effectiveness of the approach was only demonstrated based on measurements
of the small-signal frequency response of a dispersive channel. In this work, a two-MRR structure is designed and
fabricated on a 220/100 nm rib waveguide with 200 mm SOI wafers to provide wide band-rejection, steep transition
and high suppression ratio to be used in the large-signal regime with wideband OFDM modulation. Fig. 1 shows the
measured transfer functions of the 2 MRRs in series for different detuning values (AA) between the two resonance
wavelengths. For a rejection ratio of 12 dB, the proposed structure presents a 13.45-GHz wide rejection band (at
AA = 68 pm).

3. Experimental setup
The experimental setup used to generate an SSB optical signal with the two-MRR structure is depicted in Fig. 4. The
modulating signal consists of 300 OFDM symbols distributed over 111 out of a total of 128 subcarriers modulated with
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circular 8-state quadrature amplitude modulation (8-QAM) and 8 samples used as cyclic prefix. The digital samples are
up-sampled by a factor of 4 to match the 24 GS/s sampling frequency of the digital-to-analog converter (DAC) before
being digitally up-converted to 9 GHz. The analogue OFDM signal occupies the frequency band 6.1-11.4 GHz, allow-
ing an overall bit-rate of 14.69 Gb/s. It is amplified and then used to modulate a 20-GHz bandwidth DFB laser whose
linewidth enhancement factor and (adiabatic chirp) corner frequency are measured at 3.8 and 6.46 GHz, respectively.
The emitting wavelength of the DFB laser and the resonance wavelength of one of the two MRRs are tuned so that
one of the two sidebands is suppressed. The optical signal is then boosted and transmitted over 100-km SSMF. Given
the chirp properties of the DFB laser, the chosen span is long enough to illustrate the benefit of SSB modulation over
double sideband (DSB) modulation [4]. At the receiver side, a variable optical attenuator (VOA) is inserted at the input
of the optical preamplifier. After photo-detection (PD), a real-time oscilloscope (RTO) implements analog-to-digital
conversion at a 40-GS/s sampling frequency. The OFDM signals are then processed offline using Matlab.

4. Results and discussions

The spectra of the generated SSB and DSB signals are shown as insets A and B in Fig. 1, respectively. The latter
is measured directly at the output of the DML. While the symmetry of the DSB spectrum is remarkable, the upper
sideband of the SSB signal is completely eliminated with a sideband power ratio (SBPR) exceeding 27.4 dB for all
modulating frequencies. The transmission performance in terms of error vector magnitude (EVM) for both SSB and
DSB signals is shown in Fig. 2. In the back-to-back configuration, the DSB signal outperforms slightly the SSB one for
received powers higher than —20 dBm. This is due to the 3-dB power gain obtained when detecting the two sidebands.
After 100-km IM/DD propagation, the SSB signals provide better performance than DSB with EVM values lower
than 23.44%, corresponding to a bit error rate of 3.8 x 1073 for received powers higher than —22 dBm. To highlight
the origin of the degradation seen in the DSB case after 100-km with respect to the back-to-back configuration, Fig. 3
shows the channel response and the EVM per OFDM subcarrier for —14 dBm received power. While the SSB signal
results in a relatively flat channel frequency response, the presence of channel fading is clear with the DSB signal.
The affected OFDM subcarriers exhibit high EVM values exceeding 100%. On the other hand, the EVM is kept below
26% for all OFDM subcarriers with SSB signals.

5. Conclusion

We reported on the use of a two-MRR structure in series to generate SSB optical signals for OFDM modulation.
The feasibility of the approach is demonstrated for 5.3-GHz bandwidth OFDM modulating signals. Transmission at
14.69 Gb/s over 100-km SSMF using IM/DD is successfully demonstrated.
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