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High speed directly modulated single mode lasers are becoming important optical
components for the short reach communication. On the other hand, Si photonics opens
up new opportunities to explore the transceivers for the short reach applications. We
have fabricated a heterogeneously integrated DFB laser on a Si photonic circuit as a
transmitter. For the receiver, a low voltage Si waveguide-coupled Ge avalanche
photodetector has been used. We have successfully demonstrated error free
transmission of a 10 Gb/s NRZ-OOK signal over 20 km single mode fiber using a
silicon on insulator (SOI) based transmitter and receiver.

Introduction
Passive optical network (PON) technologies are being upgraded constantly to meet the
ever increasing bandwidth demand for the next generation of fiber access networks [1,
2]. The recommendation G.989 suggests that next generation passive optical network
stage 2 (NG-PON2) will be established based on time and wavelength division
multiplexing (TWDM) architecture. Four channels 10G-PONs are combined to provide
40-Gb/s aggregate capacity [3].
Light modulation can be done externally or through current (direct) modulation. As
compared to external modulation (EM) schemes such as electro-absorption modulation
(EAM) or Mach-Zehnder interferometric modulation (MZM), direct modulation is
considered simple and generally cost-efficient, and thus more suited for cost-sensitive
metro and access optical links. However, in directly modulated lasers (DMLs) the
intensity modulation is always accompanied by frequency modulation. Two different
types of frequency modulation (called chirp) are distinguished: transient chirp and
adiabatic chirp [4].
In DML based PON systems, the chirp results in spectral broadening that severely limits
the maximum achievable transmission reach due to fiber dispersion, especially for the
long reach applications. The transient chirp can be suppressed by biasing the laser far
from its threshold current. On the other hand, the adiabatic chirp can be used to enhance
the transmission distance by a technique called Chirp Managed Laser (CML). High
performance CML directly modulated DFB lasers based on an InP platform have been
demonstrated recently [4, 5].
At the same time, silicon photonics is emerging as the platform of choice for the
fabrication of photonic integrated circuits because of its potential for low cost
fabrication and dense integration capacity. Intensive research is going on towards the
integration of photonic active components such as laser diodes, photodiodes and
modulators on the hybrid Si platform. Heterogeneous integration has emerged as an
attractive approach to realize this integration, as it is relatively easily scaled to large
arrays of devices [6].

In this paper, we will present our recent 10G-PON CML results based on a Si based
transceiver. At the transmitter side, a heterogeneously integrated directly modulated
DFB laser was used. The receiver was constructed using a low-voltage Ge waveguide
APDwire-bonded to a 130nm BiCMOS trans-impedance amplifier (TIA) [7].

DFB laser structure and characteristics
The DFB laser is fabricated using adhesive bonding technique. The epitaxial structure
consists of 8 InGaAlAs quantum wells as an active region. A SEM image of the cross
section of the laser is shown in Figure 1. The structure is similar to that reported in [8],
except that the two 200 m long InP tapers on either side of the DFB laser are
electrically isolated and can be separately biased. This helped to suppress the strong low
frequency response that was observed earlier in [8] and to flatten the small signal
response of the laser. The bonding layer thickness can be controlled by changing the
rotation speed of the spin coating or by partially etching a planarization SiO2 top layer.
Using these methods we have demonstrated a bonding layer thickness less than 10 nm.
A thinner bonding layer helps to increase the light interaction with the Si passive
grating underneath the active InP waveguide. A stronger interaction results in a higher
coupling coefficient and lower threshold current which is beneficial for a low cost
transmitter for PON application. This sample is passivated by 600 nm thick SiNx layer
and 2 μm thick BCB polymer.

Figure 1: SEM picture of the cross section of a fabricated device

Threshold currents at room temperature of 20 mA, output powers in the silicon
waveguide above 3 mW at 100 mA, and a series resistance of 7  were measured for
the lasers. The optical spectra show a wide stop band and a side mode rejection of over
40 dB.

10G-PON measurement
The set up used for the large signal modulation is given in Figure 2. An RF signal of 0.6
V from an SHF-PPG was applied for the modulation, but because of the impedance
mismatch between the laser and the 50 Ω transmission line, around 0.2 V was actually
applied to the laser.

Figure 2: Schematic of the large signal measurement set-up for the 10G-PON measurement.

In order to increase the reach distance we have inserted a Santec-350 optical filter that is
tunable in wavelength and bandwidth after the laser diode for the chirp management.
Because the ‘1’ bits are blue shifted with respect to the ‘0’ bits due to the adiabatic
chirp, the optical signal was aligned at the longer wavelength slope of the filter as
shown in the Figure 3. The laser was biased at 50 mA. The large signal measurement
has been done in two configurations: for back-to-back and after transmission over a 20
km SSMF. On the receiver side, a 10 Gb/s Ge/Si APD wire bonded on an electronics
control board with a TIA was used.

Figure 3: Optical spectrum of the laser with respect to the filter transmission spectrum.

Figure 4 shows the eye diagrams at 10 Gb/s for the back to back case and after
transmission over 20 km of SSMF. The extinction ratio of the signal was increased from
5.9 to 16.3 dB by the application of the optical filter. The BER curves at 10 Gb/s are
given in Figure 5. Two different PRBS pattern lengths of 27-1 and 231-1 were used in
order to check the link pattern dependency. We did not observe any noticeable power
penalty for two different patterns. However we measured 1.5 dB power penalty for
transmission over 20 km SSMF.

Figure 4. Eye diagrams at 10 Gb/s for the back-to-back case and after transmission over 20 km SSMF.

Figure 5: BER vs received optical power at 10 Gb/s for two different PRBS patterns lengths and for a 50
mA bias current to the DFB laser.

Conclusion
We demonstrated 10G-PON transmission based on a directly modulated,
heterogeneously integrated InP-on-Si DFB laser and a Ge APD. Although the filter was
a commercial one, in principle we could use ring resonators on a Si platform. In this
case, the full link could be considered as a Si transceiver for 10G-PON system.

References
[1] “10-Gigabit-capable passive optical networks (XG-PON): General requirements,” ITU-T
Recommendation G.987.1 Int. Telecommun. Union, Geneva, Switzerland, Jan. 2010.
[2] H. K. Lee, H. S. Cho, J. Y. Kim, and C. H. Lee, “A WDM-PON with an 80 Gb/s capacity based on
wavelength locked Fabry–Perot laser diode,” Opt. Exp., vol. 18, no. 17, 18 077–18 085, Aug. 2010.
[3] Y. Luo, X. Zhou, F. Effenberger , X. Yan , G. Peng, Y. Qian, Y. Ma., “Time and wavelength
division multiplexed passive optical network (TWDM-PON) for next generation PON stage 2 (NGPON2),” J. Lightw. Technol., vol. 31, no. 6, pp. 587–593, Feb. 2013.
[4] Y. Matsui, D. Mahgerefteh, X. Zheng, C. Liao, Z. Frank Fan, K. McCallion, P. Tayebati, "Chirp
Managed Directly Modulated Laser (CML)", IEEE Phot. Techn. Lett., Vol. 18, pp. 385-387, 2006.
[5] D. Mahgerefteh, Y. Matsui, X. Zheng and K. McCallion, "Chirp Managed Laser and Applications,"
in IEEE Journal of Selected Topics in Quantum Electronics, vol. 16, no. 5, 1126-1139, 2010.
[6] L. Vivien and L. Pavesi, “Handbook of Silicon Photonics,” CRC Press, 2013, pp. 554-603.
[7] H. T. Chen, J. Verbist, P. Verheyen, P. De Heyn, G. Lepage, J. De Coster, P. Absil, X. Yin, J.
Bauwelinck, J. Van Campenhout, and G. Roelkens, "High sensitivity 10Gb/s Si photonic receiver
based on a low-voltage waveguide-coupled Ge avalanche photodetector," Opt. Express 23, 815-822
(2015).
[8] A. Abbasi, J. Verbist, J. Van kerrebrouck, F. Lelarge, G. H. Duan, x. Yin, J. Bauwelinck, G.
Roelkens, G. Morthier, 28 Gb/s Direct Modulation Heterogeneously Integrated C-band InP/SOI
DFB Laser, Optics Express, 23(20), p.26479-26485 2015.

