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Polymethylmethacrylate (PMMA) or perspex is an inexpensive and widely used polymer for the cores of communications grade polymer optical fibres (POF’s) and as a convenient substrate for doping with organic dyes for polymer optoelectronics. 

Three-dimensional arrays of bits have recently been written into optical materials for optical storage and retrieval. Substantial refractive index modification of up to 45% has been observed in undoped materials such as fused silica, fused quartz, sapphire, BK7 optical glasses and acrylic[1]. Waveguides and gratings have been written in silica, borate, sodalime silicate, floride and chalcogenide glasses [2] and more recently, holographic refractive index gratings have been formed in bulk azodye-doped PMMA using a femtosecond laser [3]. 

This abstract presents the first study of periodic refractive index structures written into un-doped PMMA. The optimisation of writing conditions for periodic refractive index structures written into bulk un-doped polymethylmethacrylate (PMMA) has been investigated. This would allow structures such as Bragg gratings, mode couplers, microlens arrays and zone plates to be written in undoped PMMA, which have important applications as optical interconnectors and integrated optical elements. POF in-fibre gratings have advantages as sensors over glasses because the bulk thermo-optic, electro-optic and strain sensitivities of polymer are up to 10 times those of glass, enabling cheaper light sources and spectral measurement systems to be devised. 

Femtosecond lasers can be used to modify the refractive index inside bulk transparent optical materials. When the laser is focused into the material, the intensity is sufficiently high for multi-photon absorption to take place only at the focus. This allows refractive index modifications to be created at discrete localised sites within the bulk material, thus enabling 2-D or 3-D Bragg structures to be written into the bulk material.

In our studies refractive index gratings have been written in 3mm thick 15 x 15 mm slabs of commercially prepared PMMA, using a 40 fs, 800 nm, 1 kHz Ti:sapphire femtosecond laser. The laser beam was focused into the sample using a simple 80mm focal length lens (F#10) mounted on a manual translation stage. Attenuation of the femtosecond laser power is achieved using neutral density filters to control the power densities inside the PMMA sample. The position of the sample was controlled using a x-y translation stage interfaced to a computer. Control software using Labview allowed the x and y writing velocity and position to be precisely controlled, thus allowing arbitrary control of the grating line spacing (d), number of lines (N), and line height (amplitude).

Gratings of various spacings (20, 40, 80 microns) have been written on and below the surface of the PMMA slabs. Gratings produced using these techniques diffracted ambient light and were easily visible to the naked eye. The refractive index structures had sufficient contrast to be observable using a microscope. A 2 mW He-Ne laser was used to form a far field diffraction pattern (Figure 1) and characterise the gratings. The diffraction efficiency of the gratings (into the first order) was measured using a silicon detector mounted on a translation stage. Maximum diffraction efficiencies of 25% were observed indicating substantial refractive index modification.

Measurement of the power diffracted into the first order as a function of the writing femtosecond laser power (Figure 2), was used to optimise writing parameters. The measured refractive index modification was exponential, which confirms its origin as a multi-photo ionisation and avalanche process initiated by free electrons. A threshold femtosecond laser fluence of 0.05 Jcm-2 to initiate refractive index modification was observed. Above an incident fluence level of 0.4 Jcm-2 machining and damage/filament formation takes place resulting in scatter and a decrease in diffraction efficiency. Investigation of multiple overwrites indicate that refractive index modification is a cumulative process.

Further work to be presented include investigation of temperature stability of the photoinduced gratings, UV-visible and FT infrared spectroscopic studies illustrate the material modification mechanism, and demonstration of grating structures written into single-mode and multimode plastic optical fibres.  
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Figures

Figure 1: Photograph of far field diffraction pattern from a refractive index grating in a Perspex slab showing 22 diffraction orders.
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Figure 2:  Plot of the log of the first order diffraction efficiency for a 40 micron refractive index grating as a function of the incident femtosecond laser fluence. The grating was written at a position 0.5 mm into the material.
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