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High speed optical communication links are evolving towards the use of flexible and 
highly spectrally efficient techniques to meet the incessant exponential growth of global 
data traffic. Optical frequency combs (OFCs) have shown promise for use in next 
generation optical transceivers [1-4]. OFCs can enable a superior spectral efficiency by 
the reduction or elimination of guard bands as they ensure constant and stable 
frequency spacing between the carriers. Additionally, OFCs may offer free spectral 
range flexibility that allows a single source to be easily adapted to accommodate 
modulation format and baud rate adaptation, reducing operational costs, power 
consumption and footprint by replacing multiple lasers with one single subsystem. 
However, the use of OFCs requires the separation (de-multiplexing) of the individual 
comb tones prior to data modulation. Optical injection locking has been proposed as an 
active comb tone selection method that retains the coherence of the comb lines and 
causes less carrier-to-noise ratio (CNR) degradation when compared with conventional 
passive optical filtering [2-4] which also tends to be bulky and not well suited for   
practical implementation. A potential solution to achieve the benefits of OFCs within 
network equipment would see the monolithic photonic integration of the demultiplexer 
with the OFC to further enhance the compactness, cost-efficiency, ease of manufacture 
and viability of the transceiver. In this work, we present for the first time a four-output 
monolithically integrated de-multiplexer using optical injection locked semiconductor 
lasers for coherent comb tone separation.  

An externally injected and 10 Hz gain-switched Fabry-Pérot laser is used as an input 
OFC for the de-multiplexer, as illustrated in Fig. 1 (a).  Fig. 1 (b) shows the fabricated 
photonic integrated circuit (PIC) under test. The device comprises a 1x4 multi-mode 
interference coupler (MMI) that has been designed for optimal splitting into four 
identical copies of an input comb. The four outputs of the MMI are followed by 
curvature s-bends that couple the light into four individual single facet discrete mode 
laser diodes (DMLD). These lasers are regrowth free Fabry-Pérot lasers that include a 
mirror section consisting of a number of slots that have been etched close to the active 
region to provide a regular refractive index perturbation and create a single mode 
emission. These lasers, acting as slave lasers, are then tuned in current such that they 
will each be injection locked to different comb lines (which may not necessarily be 
adjacent or equally spaced [2]). This results in the selective de-multiplexing of those 
comb lines, while keeping their phase coherence. The material structure is standard 
1550 nm laser material on an InP substrate with five strained AlaInAs quantum-wells 
in the active region. The 1x4 MMI is followed with output linear tapers that couple the 
light into the s-bends. Individual metal contacts were deposited to allow these sections 
to be biased to transparency. The current injected can then be used to control the gain 
for amplification or attenuation of the input optical signal. The four slave lasers 
comprise two different sections: a long gain section and a mirror section that provides 
enough reflection to form a laser cavity with the cleaved facet on the right end of the 
gain section [4]. The gain and mirror sections each have a metal contact that allows 

ECIO|p-37 



 

 

ECIO2016 | 18TH EUROPEAN CONFERENCE ON INTEGRATED OPTICS 

 

independent current injection for wavelength tuning. Because the lasing does not 
require a cleaved facet on the left side, these lasers are suitable for monolithic 
integration with other photonic components in a single epitaxial growth [4].  

 

Fig. 62. (a) Spectra of comb created at the input of the PIC (b) Comb de-mux PIC under test. 

The individual selected comb tones by the de-multiplexer are presented in Fig. 2 (a)-
(d). The mirror section of each laser is biased in current accordingly to ensure locking 
to a specific comb tone. The locking is confirmed by observing a narrowing of the 
optical lineshape of the de-multiplexer outputs, matching with the lineshape of the 
input comb tones. Consequently, each of the lasers acts as an active narrow filter and 
the coherence of the comb tones is conserved. The other modes are still present but 
suppressed by at least 3 dB relative to the selected mode in the worst case, Fig. 2 (d). 
The gain section of all the lasers is set to obtain a similar optical power in all the de-
multiplexed comb tones (2 dBm). 

 

Fig. 63. (a)-(d) Individual comb de-multiplexer outputs for a 10GHz spaced input comb 

In summary, in this paper we have reported an integrated 4-output comb de-
multiplexer based on optical injection locking. Comb tone de-multiplexing with 
adjacent tone suppression larger than 3 dB is demonstrated. Future work will see the 
monolithic integration of this chip with a comb source and this technology could then 
be usefully applied as a light source for next generation optical transceivers. 
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