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Summary 

This is the final report for the Phase I SBIR project "A Robust Miniature Multi- 

Function, Dense WDM Demultiplexer/receiver" The work described in this report was 

performed by Eagle Research and Development, LLC, formerly Eagle Optoelectronics, 

LLC, between December, 1998 and October, 1999. The following tasks were completed 

at the end of the Phase I effort: 

• Acquired finite difference numerical method [1] from James Cole, Naval 

Research Laboratories, in Fortran source code. Began porting algorithms in C 

source to Tera Supercomputer in San Diego Supercomputing Center. 

• Opened channels of communication with Professor Axel Scherer of the California 

Institute of Technology. Intradepartmental finite difference modeling tools given 

to us as a possible template to modify using James Cole's algorithm. 

Task Objectives 

This project attempted to provide a new computer simulation and visualization 

tool to aid in the physical design of the WDM microcavity filter. We have collected 

literature describing the theoretical and experimental nature of microcavity resonators 

used as optical filters. A review of the literature shows that the initial microring 

resonators, based on weakly guiding material, had a free-spectral range (FSR) of less than 

the ITU standard of 100 GHz channel spacing, thereby not really behaving as filters. 

Vernier effect using double and triple filters has been described as a method to increase 

the FSR. However, the FSR for the weakly guided rings is still not large enough to 

accommodate many channels. We intend to use computers to simulate the effects of the 



electromagnetic fields on a structure of known geometry and composition. The ability to 

model these effects could greatly aid in determining the best geometry and composition 

of the microcavity and minimize the number of iterations in the physical fabrication 

process. Reducing the number of fabrication cycles saves money. 

Project Importance 

Currently, efforts in WDM technology are focused on advancing the transmitter 

side. The attention given to the receiving element is far less than its more glamorous 

laser counterpart, yet advances in receiver technology could lower the high tolerances 

required for lasing operations in the WDM environment. WDM receivers have 

applications in the long-haul environment in repeater and switching technology. An 

array of WDM receivers could be used as a switching component for optical data packet 

networking. If manufacturing costs for a WDM receiver could be low enough to compete 

with that of the passive fiber optic component market, a cheaply made WDM receiver 

could become ubiquitous as a networking component. WDM receivers could be 

embedded components in set-top box technology to enable direct fiber to home 

connections. 

From the software standpoint, we hope to provide tools to make the WDM 

technology a realizable alternative. The finite difference simulation tools could be 

customized in such a fashion to apply to specific fiber optic constraints of materials 

constants. Thus, it could be used as a standalone product in research environments to 

model a number of difficult problems in the fiber optics domain. 



Project Background and General Methodology 

With the exponential increase in the use of the Internet, the current 

telecommunications infrastructure will soon be taxed to its maximum capacity - if that 

hasn't happened already. Multi-mode fiber and wave division multiplexing (WDM) 

technologies are solutions to this dilemma. Current WDM technologies involve passive 

components. We intend to explore the possibility of electronically controlled active 

components in WDM applications. The intended implementation uses microring or 

microdisk geometries with an active component for use as a WDM receiver. 

In order for the microcavity filters to play a useful role in the telecommunications 

industry's 1.55 micron based technology, the pass-bands and stop bands of the filters 

should be compatible with channel spacing on the order of 100 GHz and function within 

the 30 nm window of operation of erbium-doped optical amplifiers. A review of the 

literature shows that the initial microring resonators, based on weakly guiding material, 

were not really behaving as filters. Double and triple ring filters using a vernier effect 

where the overall FSR of the rings is comprised of overlap of the filter responses from 

multiple rings has been described as a method to increase the FSR. However, the FSR 

for the weakly guided rings is still not large enough to accommodate many channels. To 

increase the FSR, various researchers have adopted nanofabrication techniques and the 

use of strongly guided waveguides. FSR exceeding the 30-nm erbium window have been 

reported using microcavities of 5-micron diameter fabricated in the AlGaAs/GaAs 

material system. Issues of dispersion and input/output coupling remain to be solved as 

the strongly guided waveguides have dimensions smaller than 1 micron. 



In order to provide low-cost WDM devices with relaxed coupling tolerances, we 

recently began investigating polymer materials. Though the waveguides did develop, 

they showed undesirable sinusoidal waviness in addition to the desired linear geometry 

along portions of their structure. If using the larger scale polymer structures can replicate 

the filter characteristics of the strongly guided materials, an opportunity for low-cost 

WDM devices exists. However, if the lower indices of refraction and index contrasts 

available in the polymer system do not allow such devices, we may be able to combine 

the polymers with the semiconductor systems to gain both the filter advantages of the 

semiconductors and the coupling ease of the larger polymer structures. Once the recipes 

for waveguide production are realized, we will add the microring or microdisk resonators 

mindful of the bending losses possible in low index contrast materials. 

Dr. Axel Scherer of the California Institute of Technology has constructed arrays 

of microrings using nanofabrication techniques. One problem with this method is that 

device characteristics are unknown until the actual physical devices are created. 

Attempts to model the devices with computers have proved problematic. Two- 

dimensional modeling is quite simple, but the two-dimensional simulations do not 

conform well to the actual behavior of the physical implementation in three dimensions. 

Three-dimensional modeling is beyond the physical capabilities of most computers using 

the current finite difference time domain methods. 

We have obtained the California Institute of Technology's FFDTD package [2] 

from Axel Scherer in order to calculate the electromagnetic fields and visualize the field 

data. The FFDTD package uses Finite Difference Time Domain numerical methods and 

additionally uses Fourier Filters to extract single frequency modes. The libraries utilize 



many other software packages, and the different parts are quite modular. It is composed 

of the following: 

• Structure Generation Library 

• Field Generation Library 

• VTK Plotting Library 

• FFDTD Solver 

In order to solve a problem, initial electromagnetic fields and structure geometry 

must be created. Electric and magnetic fields are created using the Field Generation 

library, while structure geometry is created using the Structure Generation library. Figure 

1 shows a sample image of a structure in its initial electric field. A number of additional 

options exist for dielectric constant, boundary condition, and sigma variability. The 

Structure and Field Generation libraries generate two types of data files. The first type is 

actually used by the solver routines to generate the field data. The second type is a data 

structure used by the Visualization Toolkit [3], or VTK, to render the data into a viewable 

image. Both files are ASCII text files. 
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Initial Field 
Vector Plot 

Figure 1 



Reading in Structure File: Rl.test 
Reading in Field File: 11.test 
Err=0.74522955   w=0.2034189243   L=l 
Err=0.60415631   w=0.1794908489   L=l 
Err=0.26738878   w=0.1540891594   L=2 
Err=0.22075488   w=0.1544126879   L=3 
Err=0.01057647   w=0.1484942829   L=4 
Err=0.0054972075   w=0.1484746927   L=5 
Saving Field: Fl.test 
Saving B to vtk format: Bl vtk.test 
Saving E to vtk format: El vtk.test 
Saving energy to vtk format: SI vtk.test 
Saving magnetic intensity to vtk format: Ell vtk.test 
Saving magnetic intensity to vtk format: BIl_vtk.test 

Figure 2 

Once the initial conditions are created, the datasets are fed into an iterative solver 

routine (Figure 2). The FFDTD solver also outputs two types of files: modified electric 

and magnetic field datasets for VTK visualization, as well as field datasets for subsequent 

runs of the FFDTD solver. Finally, the VTK plotting library uses VTK function calls to 

visualize data. VTK is an open source, freely available software system for 3D computer 

graphics, image processing, and visualization. The VTK plotting library allows one to 

visualize data as vector plots, intensity image maps, or stream plots. Three sample 

images of each of the plots are shown in Figure 3, Figure 4, and Figure 5 respectively. 

Note if these images were viewed in a VTK render window, then the user could 

manipulate the image in different ways via rotating, resizing, etc. Once the image is 

rendered, the image may be saved into either PPG or TIFF file formats. 



Vector Plot 
Using hedgehogs 

Figure 3 

Intensity Image 
Over Z-axis slice 

Figure 4 



Stream Plot 

Figure 5 

The FFDTD solver routines face the issue that the initial boundary grid is usually 

of an insufficient size to accurately model a structure. When the grid size is small, the 

fields interact with the boundaries and produce results that do not correspond to real 

phenomena. The grid size is purposely kept small due to the physical memory and 

processing limits of the machine where the software is running. James Cole's numerical 

code should allow an order of magnitude increase in grid size with the same accuracy 

while only sacrificing a linear increase in computation time. The problem scope is still 

very large, so in order to achieve results within an appreciable time scale, attempts have 

been made to port the source code to the Tera supercomputer. 

For ease of execution, the FFDTD libraries were composed of TCL scripts that 

directly call the C library functions. TCL allows a direct one-to-one mapping of C 

functions by using code wrappers. Unfortunately, the Tera does not currently possess the 

TCL package. Thus, short programs were written in C to directly call the functions. 

These short C programs were run on the Tera to generate the same ASCII text output files 
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that the FFDTD solver generated. In order to verify the accuracy of the results obtained 

from the Tera, the algorithms were also ported to the Linux PC platform. The initial field 

and structure generation and the visualization aspects can still take place on platforms 

that support VTK and the FFDTD library in full, as these areas are not computationally 

bound. 

As expected, many difficulties were encountered using the Tera remotely from 

Colorado. Most resulted from the fact that the operating system support on the Tera is 

still quite new. The worst of these problems manifested itself in simple file I/O 

operations where the ASCII text data files were read and written. Dr. Harry Jordan 

devised an innovative solution to maximize the hardware benefits of the Tera's hardware 

multi-threaded architecture [4].   Other hardware and software problems were a disk 

controller failure that resulted in lost days and C compiler bugs. 

Once a number of images are available at different time deltas, they may be 

strung together to form a movie. Mpegencode [5], a freely available, mpeg encoder 

from the University of California at Berkeley, is available on the Linux PC platform to 

encode VTK PPG stills into MPEG1 movie format. An example movie using images 

created from the FFDTD library follows. 
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Figure 6 

Project State after Completion of Phase I 

At present, the scientific portions of the computer simulation tools have still yet to 

be completed. James Cole's numerical methods are still being ported and verified for 

accuracy on the Tera Supercomputer. Materials and dielectric constants must be defined 

for the polymers being used in the fabrication processes. 

The overall infrastructure for visualization is in place. The FFDTD VTK 

visualization libraries can be used in conjunction with the MPEG encoder to generate 

MPEG 1 movies. Still images are rendered using the VTK libraries, and these images are 

saved into the PPG file format, which is understood by the MPEG encoder. 

Intellectual Property, Marketing Efforts and Business/Commercialization 
Strategy 

All involved parties have permitted the software distribution. James Cole's 

algorithms are published, and the CalTech FFDTD code has a public use license. The 
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commercial prospects of a software simulation tool are quite limited as the current 

software is not yet up to production quality standards. Its use in a research environment 

is not overlooked, however. Furthermore, the possibility of developing a real application 

for use on the Tera supercomputer is an attractive accomplishment. 

Regarding commercial opportunities, Val Morizov of E-Tek Dynamics has 

proposed an optical switch model using WDM components. Possibilities exist for a 

sample display with that technology at future trade shows. A meeting with numerous 

LeveB employees was set up in October, 1999, to discuss possible optical technologies. 

Results are pending with their research arm. Additional presentations have been made to 

the venture capital group University Ventures, also with results pending. 

Conclusions 

This project is pushing the development of new software application development 

on different platforms. We are attempting to utilize new numerical methods in finite 

difference application development. We are also attempting to develop these methods on 

a new supercomputer platform, the Tera. As a side effect of developing a new 

application for the Tera, we are also helping with the debugging of the application 

development environment. To this end, we have uncovered some C compiler bugs, and 

Dr. Harry Jordan has developed new file I/O procedures to maximize the Tera's 

capabilities with certain specific input streams. His work may be published in the future. 

One must not lose sight of the fact that these computer developments will pave the way 

towards new optical technologies that will revolutionize the telecommunications market. 
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