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Maskless Fresnel zone plates for Dense Embedded Optical components
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We demonstrate . the fabrication of maskless large diameter Fresnel zone plates embedded deep inside silica 
glass substrates, using direct write techniques employing femtosecond laser pulses. High quality focussing 
properties are achieved. 

In the last few years femtosecond lasers have proved to be of great utility for micromachining within the bulk of 
transparent materials [1,2]. When an intense femtosecond laser pulse is tightly focused into a transparent material, 
high-order non-linear absorption allows the energy to be deposited predominantly within the focal volume 
producing a permanent refractive index modification of up to 10·2 in the bulk of the transparent material. This 
process allows local patterning inside transparent media into 3D structures, allowing for instance the assembly of 
many optical components in a single glass block, producing rigid and environmentally tolerant devices. 

Using this simple technique of direct writing, we are able to write a maskless Fresnel zone plate (radius of 0.997 
mm, 158 Fresnel zones) embedded in silica glass. Femtosecond laser pulses (pulse duration 120 fs, wavelength 850 
nm, repetition rate 250 kHz) are focussed into the glass using a microscope objective (50x, NA= 0.55) and the glass 
element is translated with a three-dimensional, computer controlled stage of 100nm positional accuracy in all 
directions. For the experiments we use an average power of 250 mW, pulse energies up to lµJ and a scan speed of 
400µm/s. In order to characterize the lens we illuminate the sample with a white light source from below, and 
viewed the lens and its focal plane with a microscope (4x objective, NA = 0.1). Focussing on the directly-written 
lens plane, the alternating black and white Fresnel zones of the written lens are clearly visible (Fig. I) . 
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Fig. 1. Optical microscope image of the Fresnel zone plate. 




