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Mutually coupled lasers (MCLs) have proven a rich area of study as a system of coupled 
nonlinear oscillators. They have exhibited interesting phenomena in the view of 
nonlinear dynamical systems such as multi-stabilities and coupled chaos. One 
interesting dynamical regime in this system is when the lasers operate in Continuous 
Wave (CW) with their frequency and phase mutually locked, [1]. This CW regime can be 
used to achieve advanced modulation formats, such as Orthogonal Frequency Division 
Multiplexing (OFDM), [2] and Quadrature Phase Shift Keying (QPSK), [3], on a photonic 
integrated circuit (PIC). Despite theoretical studies on the MCLs with small separations 
(assumed near zero delay), [1, 4], there has been limited experimental investigations of 
MCLs on small separation scale [5]. In this work, we fabricate and experimentally 
characterize MCLs that have been integrated onto the same InP chip with small 
separations. Additionally we also carry out a theoretical study based on the work 
reported in, [4]. 

A series of devices featuring integrated facet-less Slotted Fabry Perot (SFP) lasers, [6], 
separated by a short waveguide active section were fabricated. An image of the 
fabricated chip compromising MCLs with different separations can be seen in figure 1b. 
The PIC was based on commercial InaAsP multi quantum well material purchased 
from IQE. By reverse biasing the short section between the two lasers, the amount of 
light passing from one laser to the other can be controlled; thus it is referred to as a 
Variable Optical Attenuator (VOA). The PIC fabricated featured VOA lengths of 100µm 
and 00 µm. Each SFP had three electrical contacts for gain and two mirror sections. By 
proper control of the bias parameters, a wide region of single-mode operation with > 
30 dB side mode suppression and wavelength tunability was achieved. To enable 
mutual optical injection, both lasers were tuned to emit similar wavelengths limited by 
the resolution of Optical Spectrum Analyser (OSA) which was ≃0.01nm. An 
experimental setup for mutual coupling testing can be seen in figure 1a. The VOA 
section was reverse biased at -6.0 V to isolate one laser from the other. As the reverse 
bias was decreased, the coupled output was analysed on an OSA and on an Electronic 
Spectrum Analyser (ESA). 

In figure 2a the ESA intensity graph as the reverse bias on the VOA was decreased is 
shown. For optically isolated lasers [], we expect presence of beat notes when the 
lasers are in the unlocked state. The clean RF spectra for a wide range of VOA reverse 
bias voltages observed in our experiment suggests that the MCLs may form a coupled 
cavity caused by residual coupling from VOA section even when at high reverse bias 
voltages. These devices provided design improvements for future devices. 
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Fig. 1. a) Experimental setup for mutual coupling experiment b) PIC under test. 

New MCL devices (shown in figure 2b) have been designed and fabricated to have 
longer VOA lengths than previous devices. The new VOA structures with lengths of 
1mm, 1.mm, and 2.1mm are expected to fully isolate the MCLs optically and 
electrically. To make the MCLs compact, the VOA sections were formed in a curved 
pattern. To realise the small bend radius of the curves, a deep etched area (green area 
in figure 2b) was included around the ridge. This deep etch reduces loss in the bends, 
allowing for a tighter bend radius and also improves electrical isolation between 
sections. 

 

Fig. 2. a) ESA Intensity graph vs. VOA reverse bias b) Future MCL PIC device design. 

It is expected that the new devices featuring design refinements will demonstrate on 
chip MCLs with frequency and phase locked CW states. In conjunction with this work 
we also are performing numerical simulations and analytical derivations of the 
bifurcations associated with MCLs with small separations. It is also hoped that with 
these devices, hereunto unobserved phenomena associated with MCLs, such as 
symmetry broken two colour states, [4], may be observed experimentally. 
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