
Cylindrical Integrated Optic Resonant Reflection 
(Student Paper) 

Erika Koussi, Hugo Bruhier, Isabelle Verrier, Nicolas Crespo-Monteiro, Olivier Parriaux, Yves Jourlin 

Lyon University at Saint-Etienne, CNRS, Institut d’Optique Graduate School, 

Laboratoire Hubert Curien UMR 5516, 42023 Saint-Etienne, France  

e-mail: yves.jourlin@univ-st-etienne.fr 

ABSTRACT 

A sol-gel TiO2/photoresist two-layer is coated at the inner wall of a fused silica tubular cylinder by controlled 

pulling. The photosensitive layer is exposed to the interferogram generated by a radial phase-mask centred on the 

cylinder axis illuminated by an axial UV beam. This results in a photoresist grating having an integer number of 

lines parallel to the axis. A metal cone of 90o apex is introduced in the tube; it reflects a collimated IR axial beam 

which it transforms into a cylindrical wave incident perpendicularly onto the TiO2/resist waveguide grating. The 

spectral component satisfying the mode coupling synchronism condition experiences a holistic resonant reflection 

over 2 which the cone redirects to a detection unit. The presentation describes the design of the cylindrical 

functional structure and demonstrates the occurrence of TE and TM resonant reflection experimentally. 
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1. INTRODUCTION 

The phenomenon of resonant reflection of a plane wave from a planar grating waveguide was identified and 

analysed in the mid-eighties [1]. Since then it has been demonstrated experimentally regarding how close to 100% 

it can be, what governs its spectral width, its polarization and angular dependence. It has been used mainly in 

biosensing [2] and laser emission control [3] as well as in a wide diversity of functional devices and subsystems. 

The fabrication of the waveguide and grating is increasingly benefiting from the background of planar 

microelectronic technologies; this may be one reason why waveguide and diffraction concepts have not been 

concretely translated in a circularly cylindrical geometry despite the interesting features that a grating waveguide 

at the wall of a cylinder can exhibit for sensing, polarization transformation, or laser feedback. A cylindrical 

diffractive integrated device or subsystem is not just a planar device rolled up: there is a major spatial coherence 

problem in that a grating for instance must have an integer number of periods over 2; if this can be achieved, one 

immediately sees an essential difference between planar and cylindrical geometries, e.g., a very narrow resonance 

in a planar geometry requires an infinitely long and very low efficiency grating addressed by a plane wave of 

infinite extent, whereas the same spectral width can be achieved with a waveguide at the wall of a centimetre size 

cylinder coupled by a stitchingless grating addressed by a cylindrical wave, the coupled guided mode having a 

multiturn propagation length. Printing a stitchingless grating at the wall of a cylinder with an integer number of 

periods can actually be achieved by benefiting again from planar technologies: a planar radial grating defined by 

electron beam, then reactive ion etching, comprising an integer number of azimuthal periods, illuminated by a 

collimated UV beam generates a 3D interferogram whose high contrast projection at the cylinder wall defines the 

desired stitchingless grating with a number of periods twice that of the radial phase-mask [4]. This optical 

coordinate transform is the enabling key for exploring, and possibly applying new functions, and implementing 

the same functions as in planar integrated optics, but in a different configuration. One of the functions, resonant 

reflection from a grating waveguide, is here designed, and experimentally demonstrated. We want to point out that 

the structures considered here are not of the mirco-nanoresonator type such as planar ring resonators or whispering 

gallery mode microspheres: the structure dimensions are of the order of 102 to 103 wavelengths with the 

consequence that use can be made of the geometrical and physical quantities of planar integrated optics. 

2. WAVEGUIDE GRATING DESIGN AND FABRICATION 

Pulling from a liquid phase is the easiest way of obtaining constant thickness sol-gel TiO2 and photoresist 

layers at the inner wall of a tubular cylinder. Considering the difficulty of making any measurement inside the 

tube, a planar sample undergoes the same processes and serves as an experimental reference. Figure 1a) shows the 

cross-section of the planar reference with the measured layer thicknesses, grating period and duty cycle, assuming 

a binary profile. Waveguide grating modelling gives the resonant reflection wavelength of the TE0 and TM0 modes 

under normal incidence in the near infrared with the 960 nm period that will be fabricated at the wall of a cylinder 

of 4 mm inner radius (Fig. 1b)). As expected, the TM resonance spectral width is notably smaller than the TE one 



as the waveguide grating radiation coefficient of a TM mode in a direction normal to the surface is significantly 

smaller than the TE’s. 

 
Fig. 1 Planar waveguide grating modelling of TE and TM polarization resonant reflections (red and green lines, resp.) under normal 

incidence. w = 340 nm, h = 376 nm, Λ = 960 nm, s = 526 nm. SiO2, TiO2, resist index: 1.45, 1.7, 1.67. 

 

Figure 2 shows the SEM scans of a few periods of the radial phase-mask. Note that the period in nanometers 

varies with the radius whereas the angular period is uniquely defined. The phase-mask is illuminated by a 

collimated axial beam at 355 nm wavelength. The + and – 1st transmitted diffraction orders form an angle with the 

cylinder axis and interfere at the wall with high contrast since the 0th order propagates along the axis without 

contributing to the wall interferogram.  

 

 
 

Fig. 2 SEM scans of the radial phase-mask grating at the smaller and larger radii. 

 

The only characterization that can be made of the cylindrical grating at this stage is a diffraction picture under 

white light shown in Fig. 3. 

 

 
Fig. 3 Diffractogram of the waveguide grating at the inner wall of the cylinder under white light illumination  

3. THE MEASUREMENT SETUP 

The occurrence of resonant reflection from a cylindrical grating waveguide is given in the spectral domain. 

The collimated, linearly polarized beam of a fiber white light Supercontinuoum source (WLSC in Fig. 4) 

propagates through a beam splitter and impinges onto a circular metal cone of 90o apex introduced into the silica 

tube. It reflects the axial incident beam and transforms it to a cylindrical wave that impinges normally all over 2 

onto the grating waveguide at the cylinder inner wall. The expected TE and TM reflected spectral components are 

redirected by the cone in the form of superposed collimated axial beams, which the beam splitter directs to a 

spectrometer of 6 nm resolution. 



 
Fig. 4 Measurement setup with WLSC white light supercontinuum, beam splitter, metal cone and micro structured cylinder 

4. EXPERIMENTAL EVIDENCE OF RESONANT REFLECTION 

Figure 5 gives the spectra delivered by the spectrometer. Two peaks in arbitrary units are clearly present at 

1410 and 1437 nm wavelength; the two calculated 100% peaks of Fig. 1 are reminded to ease the polarization 

identification. No conclusion can be drawn at this preliminary experimental stage as to the amplitude of the peaks 

since the polarization distribution in the incident cylindrical wave is not controlled; it is a mixture of TE and TM 

polarizations as the incoming collimated beam is linearly polarized. Pure TE (or TM) polarization at the wall 

would require a radially (azimuthally) polarized incident beam.  

 
Fig. 5 Simulated (TE red, TM green) and experimental resonant reflection spectra (TE blue, TM yellow) 

 

No conclusion can be drawn as to the reflection line width either, for the spectrometer resolution is not 

sufficient to finely resolve the peaks. Quite unexpected and remarkable technologically: the resonance wavelengths 

in the modelling, and in the cylindrical structure are very close which suggests that the layer pulling technique is 

reliable and little dependent of the geometry of the coated surface. 

5. CONCLUSION, PERSPECTIVES 

The reported experiment gives access to a new space for waveguide optics. Applications can be envisaged in 

evanescent wave sensing, laser feedback and rotation sensing [5]. In order to benefit from the possibility of very 

high spectral resolution in a mm/cm-size resonant diffractive element a big effort is to be made in a low-loss 

waveguide technology; work is in progress on a germanium-doped silica waveguide at a cylinder wall. 
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