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Abstract By replacing a conventional mirror with a Fano resonance in a photonic crystal laser a new type of 
nanolaser is realised. In this work , the properties of this Fano laser when exposed to optical feedback are 
studied using a generalized version of the well-known Lang-Kobayashi model in order to account for the Fano 
interference. It is demonstrated how inclusion of the Fano mirror drastically enhances the feedback stability 
of the laser, shifting the onset of coherence collapse by orders of magnitude in terms of the external ref lectivity 
required. This is attributed to the dynamical filtering properties of the Fano mirror.  

1. Introduction 

The photonic integrated circuits of the future require fast, stable, small, and energy efficient light sources 
[1]. Photonic crystal lasers represent a promising technology for meeting this need with much progress in 
recent years [2, 3], but as for other semiconductor lasers they suffer from a strong sensitivity to external 
feedback [4]. External feedback as low as -30 dB can be enough to induce instabilities and chaotic oscillations 
[4]. This is a particular issue for the envisioned on-chip applications, where there is no readily available optical 
isolator and a multitude of minor feedback sources, and as such, steps must be taken to ensure the operational 
stability of these lasers. 

Recently a novel type of photonic crystal laser was realized, in which one of the conventional laser mirrors 
is replaced by a Fano resonance [5, 6]. In practice, this is achieved by placing a point-defect nanocavity in the 
vicinity of a line-defect waveguide in a 2D photonic crystal membrane, as shown in figure 1. In such a system, 
the coupling between the continuum of waveguide modes and the discrete nanocavity mode leads to a Fano 
resonance, which functions as a narrowband laser mirror.  This Fano laser (FL) displays several useful 
properties, such as pinned single-mode lasing and self-pulsing, and it has been predicted to have an FM 
bandwidth orders of magnitude larger than conventional Fabry-Perot (FP) lasers [5, 7]. In this work, the 
feedback stability properties of the FL are investigated numerically, and it is shown how the FL exhibits an 
extraordinary stability towards external feedback, as compared to conventional FP lasers.

 
Figure 1: (a) Fano laser structure. The dark region is an InP membrane and the white circles are air holes. The dashed lines indicate 

the laser mirrors and the red dots represent the quantum dot active material. Coupling channels into the nanocavity are also indicated, 

and 𝒓𝑭𝑩  shows the external feedback path. (b) Calculated relative intensity noise as function of external feedback level for the 

conventional laser (red) and the Fano laser (FL) with different Q-factors of the nanocavity. The large jump in RIN signifies the onset 

of coherence collapse. As the Q-factor increases, the Fano laser feedback stability improves dramatically, outperforming the 
conventional laser by orders of magnitude.  The dashed line is an analytical estimate of the FP laser coherence collapse.   

2. Theoretical models 

For description of the FP lasers an iterative version of the conventional Lang-Kobayashi model is utilized 
[8]. To describe the Fano laser this model is extended by interfacing it with coupled-mode theory (CMT) 
describing the field stored in the nanocavity. In this way, the interference dynamics that form the Fano 
resonance are temporally resolved, and feedback can be added in the appropriate channel. As the majority of 
the output power is coupled out through the cross-port [5] it is assumed that the feedback occurs entirely in 



this channel for relevant applications, so that the feedback is treated as a delay term in the CMT equation for 
the nanocavity field. The details of the model will be presented at the workshop. 

3. Feedback stability dynamics and comparison 

Figure 1(b) shows the relative intensity noise (RIN) as a function of the external reflectivity for the 
conventional laser (red) and for Fano lasers with different values of the nanocavity quality factor. Other 
parameters such as the laser threshold, mirror reflectivity, and pump power are identical. The RIN is calculated 
as 

RIN =  
𝛿𝑃2

〈𝑃〉2 

where 𝛿𝑃 is the standard deviation of the output power and 〈𝑃〉2 is the square of the mean power. Here it 
should be noted that these calculations do not include spontaneous emission noise, so that the RIN is a 
deterministic value simply used for quantifying the variation of the output power. It is clear that the qualitative 
features of all the curves are similar: An approximately flat noise floor for low levels of external feedback, 
which corresponds to stable continuous-wave operation, with at most minor periodic oscillations in the output 
power. This regime extends until a critical value, at which the RIN increases dramatically over a short range 
of feedback, and then stabilizes. This high-RIN regime corresponds to chaotic oscillations in the output power 
and the well-known coherence collapse.  

What differs between the different curves is the feedback value at which the onset of coherence collapse 
occurs, which depends strongly on the quality factor of the nanocavity for the Fano laser. For the green curve, 
the Q-factor is very low and the FL approaches the FP laser, which also follows theoretically from the model 
by adiabatic elimination of the nanocavity field. As the Q-factor is increased to above 500, as employed in 
experiments so far [6], the onset of coherence collapse increases by orders of magnitude in external feedback, 
demonstrating how the Fano mirror dramatically improves the feedback stability of the laser.  

While both the qualitative features and the actual values of the RIN curves depend on several parameters, 
such as the pump rate, delay time and linewidth enhancement factor, the general picture is that the Fano mirror 
strongly enhances the feedback stability, generally by more than an order of magnitude. This is attributed to 
the Fano mirror functioning as a narrowband filter, for which the linewidth scales inversely with the Q-factor, 
removing unwanted frequency components to improve the stability. The additional damping of relaxation 
oscillations by the Fano mirror was also observed in a previous calculation of the small-signal response [7], 
and the stability improvement from this damping is similar to results for conventional lasers [4].  

4. Conclusion 

Replacing a conventional laser mirror in a photonic crystal laser by a Fano resonance yields a new type of 
laser known as the Fano laser. The feedback stability of this laser is studied using a generalized Lang-
Kobayashi model, which also accounts for the dynamics of the field stored in the nanocavity. It is demonstrated 
how inclusion of the Fano mirror strongly enhances the dynamic stability of the laser, which is attributed to 
the damping properties of the nanocavity.  
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