





Scientists Advance Numerical Methods for
Photonic Crystal Design

By DRr. PauL SoTIRELIS

On August 21, 2007, two researchers were published in

the American Physical Society Journal, Physical Review
B. The paper was written by John Albrecht, Air Force
Research Laboratory Sensors Directorate researcher,

and Dr. Paul Sotirelis, PET Program on-site lead for
electronics, networking and systems C4I. This periodical

is the largest and most comprehensive journal specializing
in condensed-matter phenomena. The topic of their paper
entitled, “Numerical Simulation of Photonic Crystal Defect
Modes Using Unstructured Grids and Wannier Functions,”
explores fundamental algorithms for simulating a particular
class of photonic device technology, namely photonic
crystal circuits, a topic relevant to the Air Force for
potentially lighter, higher performance communication and
sensing systems. Throughout the duration of their work,
they frequently relied on ASC MSRC’s high performance
computing resources.

Photonic crystal technology is rapidly advancing, with

a particular focus on three-dimensional structures, due

to their potential to control the flow of electromagnetic
radiation to an unprecedented degree and revolutionize
technologies such as telecommunications, displays and
quantum computing. Increasingly sophisticated designs
based on larger and more complex unit cells have recently
emerged. The challenge in designing photonic crystal
circuits, through the use of accurate physical models,

is to advance the numerical methods in tandem with

the scale and complexity of the designs, as well as to
quantify the coupling of the electromagnetic fields with the
surrounding environment. More efficient and robust design
methodologies are, therefore, of great interest to those
fabricating photonic crystal circuits.

The authors’ new method is based on adapting existing
unstructured grid methods for electromagnetic problems

to periodic crystal structures. Additionally, the authors
combined the unstructured grid method with another
approach based on localized Wannier functions to produce
a hybrid method capable of simulating structures with
“defects” within the crystal structure. Photonic crystal
circuit elements are constructed from these defects, so more
efficient methods allow for the simulation of ever larger
circuits.
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While this activity did not involve large parallel
production runs of code, it often utilized task parallelism
between four to eight processors and, occasionally, larger
numbers. The data sets were quite large, frequently on
the order of hundreds of GigaBytes. Many simulations
were performed over several years to validate the many
algorithmic and structural variations. These simulations
utilized approximately 5000 CPU hours and ran on systems
including the ASC MSRC SGI Origin 3900, as well as

on other, now retired, SGI-Onyx platforms. Key software
included C++ and Fortran compilers, Matlab and the MIT
Photonic Bands code.

For more information, please contact CCAC at
www.ccac.hpc.mil or 1-877-222-2039.

The z component of the electric field for the single
transverse-magnetic defect-induced cavity mode
(f=0.4801c/a)



Upcoming
Conferences

November 10 - 16, 2007

Supercomputing Conference 2007 (SC07)
Reno Sparks Convention Center

Reno, Nevada
http://sc07.supercomputing.org

November 26 - 29, 2007

Interservice/Industry Training, Simulation & Education
Conference (I/ITSEC)

The Peabody Orlando Hotel

Orlando, Florida

http://www.iitsec.org/confinfo.cfm

November 26 - 30, 2007

Materials Research Society (MRS) Fall Meeting

Exhibit: November 27 — 29

Sheraton Boston Hotel

Boston, Massachusetts
http://www.mrs.org/s_mrs/sec.asp?CID=4749&DID=164574

January 7 - 10, 2008

46th American Institute of Aeronautics and Astronautics

(AIAA)

Aerospace Sciences Meeting and Exhibit

Grand Sierra Resort Hotel (Formerly Reno Hilton)

Reno, Nevada
http://www.aiaa.org/content.cfm?pageid=230&lumeetingid=1065

February 21 — 23, 2008

International Technology Education Association (ITEA)

Salt Lake City, Utah
http://www.iteaconnect.org/Conference/conferenceguide.htm

March 24 — 28, 2008
Materials Research Society (MRS) Spring Meeting
Moscone West and San Francisco Marriott

San Francisco, California
http://www.mrs.org/s_mrs/sec.asp?CID=6689&DID=174642

April 710, 2008

49th AIAA/ASME/ASCE/AHS/ASC Structures, Structural
Dynamics, and Materials Conference

Renaissance Schaumburg Hotel & Convention Center
Schaumburg, Illinois
http://www.aiaa.org/content.cfm?pageid=230&lumeetingid=1875
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The Aeronautical Systems Center (ASC)
Major Shared Resource Center (MSRC) is
a computational science facility supporting
Department of Defense (DoD) research,
development and test and evaluation
communities with high performance
computing resources. Created as part of
the DoD’s High Performance Computing
Modernization Program (HPCMP), the
ASC MSRC High Performance Computing
Center is located on Wright-Patterson Air
Force Base (WPAFB) and is one of four
DoD MSRC sites. Computer Sciences
Corporation (CSC) is the prime support
contractor at the ASC MSRC.

Wright Cycles is published by the CSC
Outreach Team. Your comments, ideas and
contributions are welcome. Any opinions,
findings, conclusions or recommendations
expressed in this publication are those of
the author(s) and do not necessarily reflect
the views of the DoD. All photographs were
taken by ASC MSRC staff, unless otherwise
noted.
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