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My research interests are in three areas: environmentally sustainable electronics; electronics packaging 
materials for spacecraft including extreme environments, reliability and mission applications; and, the use 
of evolutionary computational methods, including genetic algorithms, to solve complex engineering design 
problems.  The last topic is expected to lead to evolutionary strategies for solving design issues in both 
sustainable electronics and in electronics packaging. 
 
In the fabrication of environmentally sustainable electronics I am currently working with Professors Jean-
Daniel Saphores (Civil and Environmental Engineering) and Dele Ogunseitan (Program in Public Health 
and School of Social Ecology) at UC Irvine and Professor Julie Schoenung (Materials Science) at UC 
Davis.  The primary interest is in reducing the environmental footprint of electronics.  Current efforts (NSF 
and TSRTP) are focused on the reduction of hazardous materials in electronic assemblies and modeling 
of the life-cycle impact of the assemblies and materials.  We are also establishing a database of 
component materials and their environmental impact using multiple methods. 
http://greenmat.soceco.uci.edu/   
 
Materials limitations are significant in multiple aspects of the design and performance of spacecraft and 
spacecraft electronics.  A number of materials issues are related to the extreme environments 
encountered in space and at other planets.  Three examples follow: 
 
Extreme cold environments are encountered in the exploration of the Europa, Titan and the Moon.  These 
environments could be as cold as -160°C, -180°C and -230°C respectively.  We are concerned with 
ductile-brittle transitions (DBT) in various solders.  We would like to gain a fundamental understanding of 
DBT’s in Sn alloys as a function of various alloying elements including Pb, Au, Ni, Cu, Ag, etc.  
Toughness, tensile and fatigue properties are of interest.  An understanding of fundamentals is being 
pursued to predict behavior of ternary and quaternary alloys.  Fatigue for extreme cycles is also of 
interest, primarily from -130-+85C.   
 
Fundamental understanding of heat transfer across materials interfaces and boundaries is of interest.  
We are interested in phonon transfer from metal surfaces to carpets of nano-tubes.  How efficiently can 
heat cross the boundary?  If we have stacks of these carpets, how is heat transferred from layer to layer?  
The structures may involve composites involving polymers around or in-between the nano-tubes.  What is 
the nature of the heat transfer of the composite structure?  A canonical model may be of use.  There is 
interest in both electrically conductive and electrically insulating nano-tubes. 
 
Applications of gradient structures formed using the laser engineered net-shaped (LENS) process.  We 
are currently studying a transition from Ti to Steel.  We are concerned about possible intermetallic 
structures and their properties.  Other gradient structural alloys are of interest. 
 
The use of evolutionary methods to solve complex design problems is of great interest.  Evolutionary 
methods, including genetic algorithms, may be employed to select materials for a particular design 
feature from an existing list of materials with their relevant properties.  The result has been unexpected 
materials design combinations that would not have been determined by conventional strategies.  
Improved performance including better strength-to-mass ratios have resulted from organically conceived 
structural growth methods.  Current work is in applying similar methods for non-linear soliton tuning.  The 
future of this research area may lead to evolutionary design of materials for specific property 
combinations to meet the challenges of sustainability as well as the extremes of planetary exploration. 
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