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Fig. 3. Angular diffraction efficiency at a certain wavelength 

shown for 𝑚 = ±1-st transmission maxima and for 𝑚 = 0-th 

order reflection 𝑅0.

Results and conclusions

• The location of the triangle-shaped reflection region in the wavelength 

domain  depends from the choice of transverse periodicity and substrate’s 

index of refraction by the relation 𝜆0 = Λ𝑥𝑛𝑠𝑢𝑏. Also, such wavelength is a 

location from which Fano resonances are being generated.

• The continuous reflection domain separates itself from the 𝑚 = ±1
transmittance maxima, thus providing high quality spatial filtering.

Fig. 2. Schematic representation of  periodic trapezium waveguide (a) with its geometrical parameters. For parameters ℎ = 230 nm, 𝐿 = 580 nm , 

𝑤𝑡𝑜𝑝= 300 nm, 𝑤𝑏𝑜𝑡= 375 nm, Λx = 638 nm, indices of refraction 𝑛𝑠𝑢𝑝 = 1.00, 𝑛𝑓 = 2.25, 𝑛𝑠𝑢𝑏 = 1.50, zeroth orders are shown for s and p 

polarization (b) and (c) respectively. Dashed white lines resemble wavelengths at which the effects are located: for (b) – bound edge modes, for (c) –

Fano resonances. 

Fig. 4 Calculated field configurations for s polarized input. Magnetic field components resemble (a) and (c), whereas main electric field component resembles (b), oscillating in parallel with the grating slab. 
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Perturbed fields are periodic as the waveguide itself, so Fourier expansion 

is valid for the dielectric constant, electric and magnetic fields:

Scattering matrix for all layers

Leaky modes of modulated waveguides for spatial filtering

Fig. 1. The concept of spatial filtering via reflection. Finite quantum well concept for trapped modes (a) and  
the locations of localized resonant fields within a scattering device (b). 

Introduction

One of the ways of how to improve beam’s spatial quality is through 

applying spatial filtering mechanism onto the resonator system. Small 

compact micro-laser as well as semiconductor  devices acquire new means 

of filtering for M2 improvement of the beam, which are realized through 

implementing sub-wavelength periodic waveguide or photonic crystal 

systems [1] either as low-pass transmitting filters [2] or as reflectors.

Photonic crystals posses unique abilities of guiding, transmitting and 

reflecting light, which entirely depends of the periodicity and aperiodicity 

of the device’s geometrical layout (i.e. its lattice) as well as its modulation 

of refractive index. Various numerical models of such devices are being 

made and analyzed, especially Rigorous Coupled Wave Analysis (RCWA), 

which is used to calculate transmittance and reflection of periodic 

waveguides that consist of arbitrary geometry [3]. 
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