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White light interferometry in the time domain is a powerful technique that 

permits obtaining phase sensitive information from photonic crystals (PhCs)1 which is 
not easily provided by optical characterisation methods like reflectance and 
transmittance. With this technique we have measured the phase delay introduced by 
3D opal based PhCs along the ΓL direction in reciprocal space for different crystal 
configurations (lattice parameter and sample thickness).  

 
From the phase delay, an effective refractive index as well as group velocity is 

extracted. In the energy region of the L-pseudogap we observe the development of a 
spectral interval with anomalous dispersion for the refractive index. The group 
velocity shows pronounced slowing down at the band edge and becomes 
superluminal in the photonic gap. The behaviour with crystal parameters is 
discussed. 

 
The wide spectral range provided by the technique allows extending the study 

into the high energy region where higher order diffractions both by {111} planes and 
other families of planes take place.2 Preliminary results in this spectral range are 
presented.   
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Structured metallic surfaces display a rich variety of resonances that can be 
classified into three distinct categories: lattice resonances associated to periodic 
structures, site resonances originating in localized modes at specific sites, and 
intrinsic modes like surface plasmons. This classification is illustrated by means of 
several examples: light transmission through hole arrays, transmission assisted by 
hopping through buried structures, transmission through holes filled with high-index 
dielectrics, etc. The interaction between these types of resonances is also discussed. 
Applications of the above examples will include proposals for perfect light absorbers 
and invisible metals.

This work has been done in collaboration with J. J. Sáenz, G. Gómez Santos, T. V. 
Teperik, V. V. Popov, A. B. Borisov, S. V. Shabanov, L. A. Blanco, and R. Gómez 
Medina.
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A numerical procedure for characterise finite length PhC waveguides is presented. 
This characterisation is achieved by using 1) the dispersion relationship of the guided 
mode for the infinite waveguide and 2) the transmission and reflection coefficients at 
the input and output interfaces of this waveguide [1]. This procedure allows achieving 
very accurate results when propagating pulses in these finite length waveguides 
(even at the band edge), with a huge time and resources saving compared to FDTD 
simulations. 
 
This procedure will be used to analyze the influence of the parameters that define the 
waveguide (such as its length or its termination at the interfaces) over the total output 
pulse shape and parameters. The main effect analyzed in this work will be the effect 
of the non-perfect coupling at the access ports over the output pulse. 
 
[1] P. Sanchis, P. Bienstman, B. Luyssaert, R. Baets, and J. Martí, IEEE J. 
Quantum Electron., 40, pp. 541-550 (2004). 
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Diffraction phenomena in three-dimensional (3D) photonic crystals (Fig. 1) present a 
number of issues such as: surface or bulk effect; is the 2D grating equation sufficient; 
the symmetry the pattern should have; their impact on transmission and reflectance 
spectra. 
 
Here we provide a band structure based interpretation of the diffraction observed in 
3D photonic crystals. Qualitative and quantitative information about the patterns is 
obtained in a simple manner from the band structure. Our conclusions and 
experimental results explain phenomena occurring at frequencies above the first stop 
band that were previously not properly interpreted. Optical features observed in 
transmission spectra from opaline photonic crystals are now viewed under a new 
light by relating them to the diffraction phenomena. We also observe an intriguing 
change in the diffraction pattern symmetry when the photonic crystal dielectric 
contrast is modified (Fig. 1c).  
 

 

Figure 1. (a, b) Diffraction patterns from opals of 505 nm diameter polystyrene spheres in air. (c) 
Diffraction pattern from an opal of 695 nm polystyrene microspheres with 70% of the pore volume 
loaded with SiO2. 
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The band structure of photonic crystals (PhCs) strongly alters the behaviour of light 
within such periodically structured dielectrics. Properly designed PhCs should allow the 
realization of a new kind of compact spectroscopic gas sensors. 
 
Its working principle is built on utilizing the low group velocity vg of light in flat parts of the 
photonic band structure. This low vg increases the effective interaction between the light 
and the gas. It therefore allows to decrease the size of the interaction volume and along 
with it the total size of a spectroscopic gas sensor. However, the low vg also leads to a 
high reflection at the interface air/PhC due to mode and group velocity mismatch. We 
have developed a simple design adapted to narrow band spectroscopy that allows for a 
transmission of more than 90% in spectral regions with low vg. It is based on a thin, 
unstructured layer of the dielectric making up the PhC at the air/PhC interfaces of a two-
dimensional PhC. Numerical simulations by FEM-methods incorporating gas absorption 
and the impedance matching layer show that a reduction of the interaction volume by a 
factor of 25 to 30 is possible under realistic conditions. 
 
We realised such structures by using macroporous silicon technology. More than 400µm 
deep pores with a lattice constant of 4.2µm have been realised. These deep silicon 
structures were partially open on both sides to allow for a certain gas flow through the 
structures. Transmission and reflection measurements of such structures with a length of 
a few mm up to one cm have been tested optically using either an FT-IR spectrometer or 
a QCL-Laser at the target frequency of ~10µm. 
 




