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Fabrication of periodic structures for photonic or phononic wavelength interaction and manipulation 
at the small scale (<100um x 100 um) in planar dimensions using a variety of materials and tech-
niques has been documented in the literature.  Often structures are conceived and built with only a 
single device needing to be made.    Some applications require that structures be fabricated in three 
dimensions or with multiple layers placing additional constraints on the fabricator.  If a structure 
proves to be useful and a demand to have it appears, the researcher is often asked, “Can you make 
more of it?”   The challenge to manufacture larger, better structures, and more of them is not new in 
the history of product innovation and manufacture.  However, the combination of requirements for 
accurate microscopic dimensional control over large spatial scale needed to make useful devices re-
quires both out of the box thinking to manufacture them and familiarity and the ability to adapt tried 
and true scaling techniques.   

Human ingenuity and desire for efficiency has used the “stamp” for thousands of years to impart a 
repeated pattern into materials that served, speed, ease of use, and functionality requirements.  Signet 
rings or “seals” were used with waxes or inks to authenticate the earliest hand written documents and 
are still in use today. (1)  The method of placing multiple patterns or individual stamps next to each 
other surfaced in China in the early 11th century (2).  Combining the patterns with a proper substrate 
material (paper) made communication easier and faster.  Researchers in photonic crystal fabrication 
have leveraged the established stamping technique to deliver fabrication of large area 3D photonic 
crystal designs.  Instead of clay tablets, engineered siloxanes have allowed for durable and re-usable 
stamps that are able to replicate the molded features at the nanometer scale. The stamping technique 
can be enhanced by combining with well established optical principles to generate three dimensional 
periodic structures.  Further leveraging sophisticated modeling, semiconductor processes and engi-
neered materials enables fabrication of large area, three dimensional periodic structures with sub-
micron features.    Figure 1a is a photograph of a large area silicone based stamp used to                            
imprint phase masks into the surface of photo resists.  Figure 1b is a photograph                              
showing the diffraction pattern created by the phase mask using collimated light (3).  

Figure 1. a.) 150mm diameter stamp master for proximity nano patterning of quasi crystal pat-
tern.  b.) diffraction pattern generated using an engineered phase mask.
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Collimated light used for exposure com-
bined with the surface relief generated by 
the stamp creates constructive and destruc-
tive interference patterns in three dimen-
sions.  Figure 2 contains a cross sectional 
scanning electron micrograph of exposed 
and developed photoresist using an optical 
phase mask generated with a stamped sur-
face and optical interference.  Note the 
periodic nature in all three dimensions.  

Many materials that are suitable for opto-
electronics and CMOS device manufactur-
ing are also finding uses in the phononics 
area.  Lithium niobate has been used ex-
tensively in optoelectronic fabrication due 
to its desirable optical properties.  It is par-
ticularly challenging to process using con-
ventional CMOS process techniques as it 
is both pyroelectric and piezoelectric.  
Processing limitations can impact the use-

fulness and implementation of these materials.

Large scale fabrication of these types nanometer sized periodic structures requires an integrated ap-
proach.  In this presentation I will review other scaling approaches to making large area phononic or 
photonic crystals in 2D and 3D such as direct write and self assembly.  In addition, I will touch on the 
necessary infrastructure required to develop these techniques including modeling, design, and material 
considerations appropriate for the various methods.   Lastly, I will discuss future trends of the tech-
nology.

References: 1.) Kipfer, B. A. , Encylcopedic Dictionary of Archaeology.  Springer, 2000 (501)

2.) Day, L., McNeil I.; Biographical Dictionary of the History of Technology. Taylor 
and Francis,  1998 (123)

3.) Shir, D.J, et al. ; Tharee-Dimensiional Nanofabrication with Elastomeric Phase 
Masks,  Journal of Physical Chemistry B 111, 12945-12958 (2007)

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,
for the United States Department of Energy under contract DE-AC04-94AL85000.

a

5 µm5 µm5 µm5 µm
Figure 2.  Cross section SEM of a resist structure gener-
ated with a stamped phase mask on the surface of the 
resist.
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