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1. Introduction 

Chalcogenide glass offers an important alternative to silicon as a nonlinear material with which to realize all-optical 
photonic crystal devices. Whilst not possessing the mature fabrication techniques of silicon, Chalcogenide glass 
offers a number of significant advantages, such as high nonlinearity, low two-photon absorption, and an absence of 
the free-carrier effects that have posed a challenge to realizing ultrafast all-optical devices in silicon or III-V Semi 
conductors [1-2]. 

In this work, we experimentally characterize and numerically model strong optical resonances in a chalcogenide 
glass PhC membrane. We observe strong guided “Fano” resonances [3] in the optical transmission spectrum at 
normal incidence. We achieve good agreement with 3D finite-difference time-domain (FDTD) simulations, 
identifying the guided modes responsible for the resonances. The resulting insights gained will allow further work 
towards engineering very sharp resonances and demonstrating optical bistability in this system.  

2. Fabrication and experimental set up 

Our structure consists of a free-standing membrane of chalcogenide glass perforated with a triangular lattice of air 
holes (inset of figure 1). The chalcogenide glass film, approximately 300 nm thick, with refractive index ~2.7 and 
composition Ge33As12Se55 (“AMTIR-1”), was deposited using ultra-fast pulsed laser deposition onto a 30 nm thick 
Si3N4 (silicon nitride) membrane. The lattice had a period of 1 µm, with ~ 500 nm diameter holes, over a hexagonal 
region having 115 periods in any lattice direction. The structure was experimentally characterized by measuring the 
optical transmission spectrum at normal incidence. The experimental setup is described elsewhere [4].    

4. Experimental and modeling results 

The transmission spectrum at normal incidence for a beam linearly polarised along the G-M direction is shown in 
Figure 1a (logarithmic scale), where we observe strong resonances, with transmission suppressed by as much as 42 
dB. This is the strongest suppression reported to date, and is remarkable for a film less than 350nm thick. These 
sharp, asymmetric features in the spectra are the Fano resonances, which can be understood as the interference of the 
directly transmitted waves (as governed by the Fabry-Pérot response of the slab) and the waves emanating from the 
excited PhC leaky modes [5]. Figure 1b shows the experimental optical transmission spectrum (linear scale) together 
with simulated results, showing satisfactory agreement. The theoretical spectrum was calculated using a 3D finite-
difference time-domain (FDTD) method [5], with a domain that included a single unit cell of the crystal. The 
calculations account for the thin Si3N4 support membrane as well as the measured material dispersion of the 
chalcogenide through a Lorentzian approximation. The agreement between theory and experiment is particularly 
noteworthy, considering that the experimental beam divergence (half angle divergence ~ 1.5º) and the effect of the 
finite size of the beam and PhC region are not taken into account in the modeling. 
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Fig. 1. a) Experimental optical transmission spectrum on a logarithmic scale. Radius r=0.25a. b) Experimental and 

theoretical transmission spectra compared on a linear scale. r=0.25a. In inset: Electron micrographs of a chalcogenide glass 
photonic crystal membrane 

 
Guided modes responsible for the Fano resonances were identified using a plane-wave band structure method, 

with a supercell approach (RSoft BandSOLVE). The two main spectral features are associated with degenerate 
modes with complementary symmetry properties that allow them to couple to free-space [6].  

5. Conclusion 

In conclusion, we have observed Fano resonances in the optical transmission spectrum of a chalcogenide glass 
photonic crystal membrane, achieving good agreement between experiment and simulation based upon a three-
dimensional finite-difference time-domain method. We demonstrate suppression of optical transmission by over 40 
dB, the strongest reported to date. The combination of strong resonances, with the large intrinsic nonlinearity of the 
chalcogenide glasses, should allow the demonstration of optical bistability in a PhC mirror. 
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