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Two Imaging Elements Create One  
Multipattern Mask 

Inspired by a species of thousand-eyed, ocean-dwelling brittle star, 
investigators at the University of Pennsylvania in Philadelphia, 
Massachusetts Institute of Technology in Cambridge and Bell Labs in 
Murray Hill, N.J., have demonstrated that two imaging elements -- a 
microlens and clear windows, or pores -- can be used to create a 
multipattern photomask. Utilizing an array of the two elements, the 
research group fabricated different structures by varying the array-to-
substrate spacing, the intensity of the light source and the resist tone. 

Inspired by the calcite 
microlens arrays on the 
dorsal arm plates of a brittle 
star, researchers have 
designed a multipattern 
photomask comprising 
microlenses and pores. The 
inset shows the patterns 
generated by the photomask 
with various tones of the 
resist and at exposure 
intensities greater or less 
than the resist threshold (Ith). 

Courtesy of Shu Yang. 

   The integrated 
microlens/pore array offers 
several advantages, said 
Shu Yang, an assistant 
professor of materials 
science and engineering at the University of Pennsylvania. "It can 
produce a variety of microstructures with different sizes and symmetry 
using a single mask, which is not possible by conventional lithography or 
other maskless lithography." 
   Such a capability would be attractive for the mass production of 
submicron periodic structures. The technique creates only repeating 
structures and cannot be used to produce arbitrary ones. 
   The researchers manufactured the microlens and pore mask using a 
technique called three-beam interference lithography. Regions that were 
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highly exposed formed an array of lenses, which they could make from 
1.5 to 4.5 µm in diameter and from about 0.2 to 1.0 µm in height. In the 
underexposed areas, pores formed. By adjusting the exposure time and 
intensity, they changed the pore size and density.  
   For their experiments, they spun resist on a glass substrate and 
covered it with a film of polydimethylsiloxane (PDMS), a transparent 
rubber. They placed the microlens/pore mask on top of this and used a 
365-nm source to expose the resist under the PDMS. By varying the 
PDMS thickness, the intensity of the light source and the tone of the 
resist, they created different patterns, such as holes that ranged in size 
from 0.7 to 3 µm. 
   At intensities just below the resist threshold, the scientists created 
hexagonally packed holes that matched the microlens array. At intensities 
above the threshold and with the mask placed far beyond the lens focus, 
they created a honeycomb structure that could be of interest as a two-
dimensional photonic crystal. As part of their investigation, they 
developed a model that predicted the effect of varying spacing, intensity 
and resist tone. 
   Work with the technique continues, and the scientists have plans to 
shrink the lens array and push the mask's lithographic limit to 100 nm or 
below. They also hope to combine the array with microfluidics and 
responsive lens materials to enable the adjustment of focus, transmission 
and other optical properties.  

by Hank Hogan  

Return to the previous page  
Browse 

Accent on Applications | Presstime Bulletin | Article Abstracts 
BusinessWorld | Technology World | Photonics Research 

Innovative Products | Spectra Contents 

© 1996-2005 Laurin Publishing. All rights reserved.  
Photonics.Com is Registered with the U.S. Patent & Trademark Office. 
 
Privacy Policy  | Terms and Conditions of Use  
Reproduction in whole or in part without  
permission is prohibited.  
webmaster@laurin.com 

 Other Areas and Laurin Web Sites

Page 2 of 2Two Imaging Elements Create One Multipattern Mask - August, 2005

8/15/2005http://www.photonics.com/spectra/tech/XQ/ASP/techid.1714/QX/read.htm


