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Abstract 
One and two dimensional spatial control of refractive index has produced successful commercial 
innovations such as lenses and optical fibers.  Devices with spatial control of all three dimensions which 
have both high resolution and volumes of mm3 or larger have been impossible to fabricate due to either 
unworkable technologies or processing time requirements.  Using a new lithographic technique, we are 
able to overcome these limitations and fabricate sub micron resolution, addressable three dimensional 
index structures throughout an entire mm3 volume of a diffusion driven photopolymer.  By using liquid 
materials and a non-contact soft mold that planarizes each new layer; multiple tools are not required and 
processing sequential layers becomes faster. The non-contact soft mold also provides a short diffusion 
path for the material resulting in rapid fabrication of thick, high axial resolution devices. Using these 
innovations we demonstrate sub micron resolution index features in all three dimensions throughout a 
mm3 device.   This technique could be used to fabricate devices such as a Luneburg lens operating in the 
visible, aberration corrected contact lenses,  conformally mapped metamaterials, 3D photonic crystals and 
Optical Circuits. 
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•1 um thick CU Seal layer written in addition to the CU 
buffalo showing the viability of stacking multiple layers 
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Conformally Mapped Metamaterials Have the 
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Aberration Corrected Contact Lenses  structure 
index of material to correct for aberrations in eye  

Optical Circuits. A three dimensional 
 optical circuit board containing various devices 

•Liquid monomer layer provides short diffusion path in axial dimension 
for large transverse structures 
•The diffusion time for these materials increases by the square of area, 
meaning fabricating 1000 - 1 um layers is over 3 orders of magnitude 
faster than 1 – 1mm layer 

Finer Axial features = Faster Recording Time !!! 
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(a) UV sensitive liquid material is injected through microfluidic channel created by moving platform 
producing the new layer. (b) The new liquid layer is patterned by 2D mask projection lithography, step 
polymerizing the liquid material. (c) unreacted monomer diffuses from inhibited layer adjacent to 
PDMS mold creating a higher index of refraction in the polymerized region. (d) Entire layer is optically 
flood cured, polymerizing and desensitizing it. 

•1 um thick CU Buffalo layer written between 4 mm of 
unstructured polymer 

 




