





in Figure 4 (a). For injected laser wavelengths in
the approximate range of 1599 to 1610 nm the
linewidth was reduced to that of the CW input
signal (~100 kHz) across 30 modes. As seen in
Figure 4 (b) and (c), it is clear that the ML-SEL
mode linewidths are considerably reduced and that
the RF width of the ML-SEL is also reduced,
indicating the jitter has been reduced due to the
injection locking. The absolute jitter from 1 kHz-
100 MHz offset was reduced to just 338 fs,
compared to 3.1 ps without injection locking.
Figure 4 (d) shows that the OSNR was improved by
approximately 10 dB due to the injection locking.
Again, this number is likely limited by the
measurement capabilities. Injection locking offers
the additional capability of determining the absolute
wavelength of the modes. Since all of the modes in
the ML-SEL are locked to each other, by injection
locking a single ML-SEL mode to an input we can
determine the wavelength position of all of the
modes. This is significantly simpler than using
separate wavelength lockers for each laser.
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Figure 4: (a) Optical spectrum of the ML-SEL output under optical injection
locking to an external CW laser, for 3 different wavelengths of the injected
laser. (b) RF spectrum of the injection locked ML-SEL output with a CW
probe laser. (c) Zoom of the RF spectrum showing the linewidth under CW
injection to the ML-SEL at 1609.4 nm, with 100 kHz resolution. (d) OSNR
versus mode number for 2 different injected wavelengths. Mode 0
corresponds to the injected CW wavelength.

Conclusions
We have tested a 10-GHz mode-locked silicon
evanescent laser as a potential multi-wavelength
source for WDM applications. The output contains
over 100 modes within 10-dB output power, each
having a linewidth below 500 MHz and OSNR
better than 11 dB. For applications such as on-chip,

chip-chip, or short reach WDM, the output directly
from this laser has adequate OSNR and optical
power for 2.5 Gb/s transmission. For applications
with more stringent requirements, injection locking
can improve the longitudinal mode quality. In this
case 30 laser modes have an OSNR better than 18
dB, and linewidth equal to that of the CW input.

Designs utilizing ring cavities [11] or integrated
mirrors can precisely determine the cavity length
and channel spacing. These designs also allow for
integration with other components such as AWGs,
modulators [12, 13], or DFB lasers [4] for injection
locking, enabling a fully integrated multi-
wavelength WDM source on silicon.

References

[1] A. W. Fang, et al.,
laser and photodetector,”
Mar. 2007.

[2] P. R. Romeo et al., “Heterogeneous integration of electrically driven
microdisk based laser sources for optical interconnects and photonic
ICs”, Opt. Express, 14(9), p.3864-3871 (2006)

[3] B. R. Koch, A. W. Fang, O. Cohen, and J. E. Bowers, “Mode-locked
silicon evanescent lasers,” Opt. Express, vol. 15, no. 18, pp. 11225-
11233, Sep. 2007.

[4] A. W. Fang, et al., "A distributed feedback silicon evanescent laser," Opt.
Express, vol. 16, no. 7, pp. 4413-4419, 2008

[5] P. J. Delfyett et al., “Optical frequency combs from semiconductor lasers
and applications in ultrawideband signal processing and
communications,” J. Lightwave Technol., vol. 24, no. 7, pp. 2701-2719,
Jul. 2006.

[6] M. Teshima, K. Sato, and M. Koga, “Experimental Investigation of
Injection Locking of Fundamental and Subharmonic Frequency-
Modulated Active Mode-Locked Laser Diodes,” IEEE J. Quantum
Electron., vol. 34, no. 9, pp. 1588-1596, Sep. 1998.

[7] K. Mori and K. Sato, “Supercontinuum Lightwave Generation Employing
a Mode-Locked Laser Diode with Injection Locking for a Highly
Coherent Optical Multicarrier Source,” IEEE Photon. Technol. Lett., vol
17, no. 2, pp. 480-482, Feb. 2005.

[8] K. Haneda, ef al., “Measurements of Longitudinal Linewidths and Relative
Intensity Noise in Ultrahigh-Speed Mode-Locked Semiconductor
Lasers,” Electron. and Commun. in Japan, vol. 89, no. 2, pp. 28-36,
2006.

[9] F. Quinlan, S. Gee, S. Ozharar, and P. J. Delfyett, “Stabilized optical
frequency comb source for coherent communication and signal
processing,” Opt. Fiber Commun. Conf. (OFC 2007), paper OMS7.

[10] R. G. Broeke, et al., “Optical-CDMA in InP,” J. Sel. Top. In Quantum
Electron., vol. 13, no.5, pp. 1497-1507, Sept/Oct 2007.

[11] A. W. Fang, et al., "A racetrack mode-locked silicon evanescent laser,"
Opt. Express, vol. 16, no. 2, pp. 1393-1398, 2008

[12] A. Liu, et al, “High-speed silicon modulator for future VLSI
interconnect,” Indium Phosphide and Rel. Mat. Conf. (IPNRA 2007).

[13] Q. Xu, et al., "12.5 Gbit/s carrier-injection-based silicon micro-ring
silicon modulators," Opt. Express vol. 15, no. 2, pp. 430-436, Jan. 2007.

“Integrated AlGalnAs-silicon evanescent race track
Opt. Express , vol. 15, no. 5, pp. 2315-2322,

Acknowledgements

We thank J. Shah, M. Haney, H. Park, and K.-G.
Gan for useful discussions. We also thank H.-H.
Chang, Y.-H. Kuo, and O. Raday for assisting with
device fabrication. This research was supported by
DARPA/MTO and ARL and by Intel.



