New technique for fabrication of surface relief Ti-indiffused LiNbO3 waveguides
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Abstract: Surface relief gratings have been applied to Ti indiffused lithium niobate channel waveguides by a simple two step process which combines optical (ultra violet) and chemical etching. The method is insensitive to the crystallographic orientation of the material.
(1999 Optical Society of America
OCIS codes: (130.3730) lithium niobate, (130.2790) guided waves, (050.1950) diffraction gratings, (140.2180) Excimer lasers

The variety of optical properties of lithium niobate crystals make this material attractive for many applications such as electro-optic modulators and switches, nonlinear optical frequency converters, optical waveguide amplifiers, lasers and so forth. It is considered as a good candidate for optical integrated circuits since both passive and active components can be combined on the same chip[1]. 

For the previously stated reasons, surface patterning of lithium niobate crystals can be very useful for many applications such as Bragg reflectors, gain flattening filters etc. Several techniques have been proposed for the fabrication of such structures but they either are very complicated [2] or of limited quality and not easily controllable since they are based on direct laser ablation alone[3,4].

The method proposed here combines surface damage produced by an excimer laser followed by wet etching. The acid preferentially attacks the laser modified areas and the depth of the pattern is controllable via the etching time.

In order to generate an harmonic intensity distribution on the surface of the material, an injection locked excimer laser (operating at 248 nm with a KrF gas mixture) was used to produce an interference pattern. The laser fluence was kept below ablation threshold for this material and so only minor surface damage was produced on the surface. The illuminated surface was then treated with a mixture of acids for enhancement of the laser induced damage. Figure 1a shows the surface area of a Z-cut lithium niobate sample just after illumination with UV radiation while figure 1b shows the same area after wet etching.
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Fig 1. a) Surface damage caused by excimer laser irradiation of a z-cut lithium niobate sample and b) the same area after wet etching.

Preliminary results of surface relief gratings that have been printed on a Ti indiffused x-cut lithium niobate channel waveguide are depicted in figure 2 where an atomic force microscope picture shows the morphology of the area in and around the channel.
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Fig 2. Atomic force microscope scan of a surface relief grating applied on a Ti indiffused x-cut lithium niobate channel waveguide.

The interaction of the optical guided field with the surface relief grating has been investigated and transmission spectra have been acquired from the channel waveguides showing the modification of the erbium doped fibre amplifier spectrum induced by our first examples of such grating structures. Further work is in progress and results will be reported later.
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Fig 3. Modification of the erbium doped fiber amplifier spectrum (inset) induced by the etched grating.
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