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Elastic optical networks (EONs) are being considered for the next generation of optical 

transport networks due to their potential to provide enhanced spectral efficiency and 

outstanding flexibility. In EONs, transmission parameters such as modulation format, 

bandwidth occupancy and baud rate can be adjusted dynamically to suit traffic 

demands and different transmission scenarios [1-2]. These functionalities can be 

achieved through the use of innovative bandwidth variable transponders (BVTs) that 

can be reconfigured by a remote controller. BVTs can benefit from the incorporation of 

an optical frequency comb (OFC) source which generates the optical carriers from a 

single subsystem and enables the reduction or elimination of guard bands by ensuring 

stable frequency spacing between the carriers [1-2]. However, these OFCs are required 

to be flexible [1-3] and allow easy adaptation of the overall bandwidth (e.g. varying the 

number of carriers) and the frequency spacing between the carriers to accommodate 

different modulation formats and baud rates. Ideally, OFCs should also be suitable for 

photonic integration, yielding further cost-efficiency, footprint and reduction of power 

consumption. In this work, we present a photonic integrated device for the generation 

of flexible gain switched OFCs suitable for BVTs. The device comprises two integrated 

lasers in a master-slave configuration. The spacing between the carriers can be adapted 

by simply modifying the gain switching RF frequency while the number of carriers can 

be altered by modifying the interaction between the two integrated lasers.  

Fig. 1 (a) shows the schematic for OFC generation by gain switching the monolithically 

integrated lasers. The photonic integrated circuit (PIC) illustrated in the figure has a 

standard 1550 nm laser material on an InP substrate with five strained AlGaInAs 

quantum-wells in the active region. The PIC comprises two integrated discrete mode 

laser diodes (DMLD) [4]. 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 single mode 

operation. Each of the lasers is then formed by a gain section and reflector section that 

provides sufficient reflection to form two differentiated laser emissions, as depicted in 

Fig. 1 (b). 

 

Fig. 10. (a) Schematic for comb generation by gain switching the manufactured PIC that 

comprises two integrated lasers. (b) CW Optical spectrum observed at the PIC output.  

These lasers are placed in a master-slave configuration where the light generated from 

the master is injected into the slave to improve basic laser parameters, such as 

modulation response. The four sections are dc biased and gain switching is achieved by 
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direct modulation of the slave gain section with an amplified sinusoidal RF signal in 
conjunction of the dc bias current. Fig. 2 (a)-(d) illustrates the resultant OFCs generated 
with frequency spacings between the optical carriers spanning a range of 6-9 Hz. The 
OFCs obtained consist of 5-8 clearly resolved carriers within a 6 dB window, 
corresponding to a fixed 6 dB bandwidth of ~50 Hz. These results are achieved by 
simply changing the RF synthesizer frequency.  

 

Fig. 11. Resultant gain switched OFC with different frequency spacing (a) 6 GHz, (b) 7 GHz 
(c) 8 GHz (d) 9 GHz 

The overall number of optical carriers can be also varied, as depicted in Fig. 3 (a)-(c) 
where 8, 6, and 4 optical carriers in a 6 dB spectral ripple are observed for the same 
frequency spacing, 6 Hz. The 6 dB bandwidths are then 48 Hz, 36 Hz and 24 Hz, 
respectively. These results have been achieved by modifying the current injection to the 
gain and mirror sections which permits us to control the wavelength detuning and 
power ratio between the lasers and therefore, the interaction between master and 
slave. 

 

Fig. 12. Resultant gain switched OFC with different number of optical carriers (a) 8, (b) 6 
and (c) 4 optical carriers in a 6 dB spectral ripple 

In summary, in this paper we have demonstrated a photonic integrated circuit that 
comprises two integrated lasers in a master-slave configuration for gain switched comb 
generation. The resultant OFC is flexible in terms of frequency spacing and overall 
bandwidth occupancy. Such integrated devices may offer potential for use in next 
generation BVTs for elastic optical networks. 
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