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Abstract: This paper presents a study of grating structures 

etched onto the facet of a mid-infrared lasers. It suggests that it is 

possible to utilise a Fano-type grating resonance to control the 

emitted laser  
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I.  INTRODUCTION  

There has been much interest in Mid Infrared (3-5µm) 

lasers in recent years for use in military and gas detection 

applications [1, 2]. Although room temperature emission has 

been achieved using Quantum Cascade and Interband Cascade 

lasers [3, 4], efficient CW emission across the whole 

wavelength range is challenging. Multi-Quantum well (MQW) 

ridge waveguide lasers offer an alternative which have much 

simpler device structures [5]. In order to achieve high output 

powers wide ridges are normally used, however, this leads to 

non-ideal, multimoded behaviour.  

It has been shown recently that it is possible to suppress 

multiple modes in these broad-area lasers by the addition of a 

metallic grating [6]. To understand the physical origin of 

modal suppression the laser was simulated using the Finite 

Difference Time Domain (FDTD) method [7], the general 

simulation can be seen in Fig. 1. The source is placed inside 

the laser, represented by n=4 for AlGaInSb. This is coated 

with a dielectric layer of n=2 to prevent short circuiting of the 

electrically driven laser and a perfect metal grating with 7 slits 

is added at the surface. We could implement real metal within 

this FDTD code, but at these wavelengths metal is becoming 

very ideal. This also allows us to investigate what are known 

as designer or Spoof plasmons [8], which may play an 

important role here.  We calculated the spectrum reflected 

back into the laser for a variety of grating parameters and it 

was found that in certain cases a Fano-like resonance occurs. 

A Fano resonance is a phenomenon that arises when two 

resonant processes are allowed to interfere with one another 

resulting in a spectral response that has a very distinctive 

lineshape. To see this effect it is imperative that the phase of 

one resonant process varies rapidly with wavelength whereas 

the other varies more slowly (fast and slow process 

respectively) [9]. The typical Fano lineshape and equation is 

shown and plotted in Fig 2. This general equation gives the 

interference lineshape, σ, using the energy of the resonant 

process, EF, the resonant width, Γ, the photon energy E and 

the Fano parameter q, where q is the ratio of fast and slow 

process amplitudes. 

 
 

 

  

  
 

 

 

It is believed that the Fano resonance that is present in the 

laser facet occurs between the Fabry-Perot resonance from the 

700nm Si3N4 dielectric layer and the metallic grating. The 

grating was initially designed to be a second order grating 

where the period is equal to the free space laser wavelength, in 

this case 3.4µm. Thus, normal incidence light will be coupled 

into the plane of the grating and can be scattered back from 

the grating. These types of gratings can also support what are 

termed designer plasmons propagating along the gold surface 

Fig  2: A graph of Fano resonances with different q factors. 
q=1 is when the fast and slow processes are of equal 

magnitudes and is the typical Fano lineshape. 

Fig 1: A schematic of the FDTD simulations where d=70nm,  is 

the metal thickness, s is the slit width, a is the slit period, t is the 

dielectric thickness = 700nm. FDTD mesh size = 20nm 



[8]. These are surface bound waves that have a dispersion 

curve very similar to that of a typical plasmon and can arise 

when a patterned metallic surface has features less the free 

space wavelength. 

II. RESULTS 

 The reflection from a laser facet can be an important 

aspect in defining the emission characteristics of the laser. 

This is because the wavelengths that are more strongly 

reflected back into the laser are the ones that will undergo the 

most gain leading them to become the dominant emitted 

wavelengths. Consequently, if the wavelength of maximum 

reflection can be tuned then the dominant emitted wavelength 

can also be tuned. As the typical Fano resonance lineshape has 

a peak at a given wavelength, especially for the q=2 case, this 

could be used to select an overall lasing wavelength. Fig. 3 

shows two set of results, firstly it shows reflectance for an 

unstructured 70nm gold layer on the n=2 and n=4 layers as 

shown in Fig. 1 for a simple Transfer Matrix Method (TMM) 

calculation and the  FDTD method. These results show very 

good agreement and a shallow resonance associated with the 

Fabry-Perot resonance can be seen. Fig. 3 also shows a 

comparison between real gold and the Perfect Electrical 

Conducting (PEC) metal for the case of an isolated grating in 

free space and it can be seen that the results are very similar 

for both cases since gold is tending to a theoretically ideal 

metal at these wavelengths. The figure also shows the a 

shallow resonance associated with the grating and it is 

believed to be the interaction between these two effects that 

leads to a Fano-like resonance. Fig. 4 now combines the 

grating with the dielectric layers and shows how the 

reflectance of the system changes with respect to slit period, a. 

These curves show that the peak reflected wavelength of the 

Fano resonance blue shifts with decreasing slit period. This 

could allow tuning of the lasing wavelength, especially if a 

sharper Fano resonance could be obtained. 

 
 

 

 

 
 

 

 

 

III. CONCLUSIONS 

This paper has studied Fano –like resonances in metallic 

gratings that have been patterned onto the emitting facets of 

mid infrared lasers. The results suggest that the fast and slow 

processes that make up the Fano resonance are related to a 

slow Fabry Perot resonance of the thin insulating dielectric 

layer, required to prevent shorting out of the laser and a fast 

resonance associated with the grating. Work is now on going 

to understand the nature of the grating resonance and the role 

that designer plasmons may be playing in this. The ultimate 

aim is to obtain a very narrow Fano lineshape which could be 

used to control the lasing wavelength of these devices.  
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Fig. 3: FDTD simulation showing Gold and PEC reflectance 

for a slit width, S = 1.7µm, slit period, a = 3.4µm and no 

dielectric. It also shows FDTD vs TMM for a plane mirror of 
70nm on dielectrics as shown in Fig 1. 

Fig. 4: FDTD simulations showing dependence on slit 

period, a. Slit width, S = 1.7µm and dielectric thickness,    

t = 0.7µm 


