







August 27, 2003

Dear Katharine:

I would like to inform you of our intent to submit a proposal for the program Collaborative Research in Chemistry (CRC NSF 03-583). The proposal will be entitled "Greening the Microelectronics Industry: A "Dry" Chemical Mechanical Planarization Device Based on CO2" and will be a collaborative effort between myself, Professor Carol Bessel of Villanova University, and Professors Melur Ramasubramanian and Ruben Carbonell of North Carolina State University. This proposal will address the need of the microelectronics industry to make smooth and flawless metal and dielectric layers on silicon substrates without generating new environmental and technical difficulties. 

Project Description
The drive towards miniaturization in the microelectronics industry has fueled smaller chip geometries. Chemical mechanical planarization (CMP) is a process used to make metal and dielectric layers on silicon substrates smooth and defect free with vertical dimension control.  During CMP, a slurry removes copper from the wafer surface by a combination of chemical and mechanical means.  In the chemical process the metallic copper is oxidized and chelated, while in the mechanical process the copper surface is polished until global planarization is achieved.  

Most of the current processes use water as the solvent for the CMP slurry and this leads to both technical (e.g., inefficient water removal) and environmental difficulties (e.g., large amounts of aqueous waste are generated).  The oxidation and removal of elemental Cu in CO2 for microelectronics processing was unprecedented.  A recent communication was published in JACS by DeSimone, Bessel and coworkers on this work.  Unlike water, condensed CO2 has an extremely low viscosity, and a low surface tension – characteristics desired for CMP processing.  Additionally, recyclability problems are avoided. 

The proposed collaboration will use the preliminary results described above as a starting point to design a slurry and ultimately the prototype instrument for a CO2-based CMP device.  Each of the PIs listed for this collaboration brings a unique expertise to the project.  I am a world-renown polymer chemist with extensive experience in material synthesis in CO2.  Bessel has expertise in coordination chemistry as has gained experience in CMP chemical slurries while working in my lab on sabbatical.  Ramasubramanian has expertise in machine design, mechatronics, electromechanical systems, automation and control. He will be able to address the engineering aspects of the proposed research. 

Our approach will be to first synthesize and characterize new ligand and oxidant combinations in conventional solvents based on three systems: 1) oxime, 2) iodine and phosphines, and 3) dithiocarbamates then to transfer these systems to condensed CO2.  At the same time, a prototype CMP reactor that utilizes commercially available polishing pads will be developed and tested using Cu coupons and copper on silicon wafers.  As the work progresses toward a CO2 continuous reactor design a novel CO2 suitable pad material will also be developed. The prototype CMP reactor will be married with the screened etchants and chelants to test the combined chemical and mechanical action of the CMP prototype.

Sincerely, 

Joseph M. DeSimone

William R. Kenan Jr. Distinguished Professor of Chemistry and Chemical Engineering

Department of Chemistry, UNC-Chapel Hill; Department of Chemical Engineering, NC-State

Director, NSF Science and Technology 

Center for Environmentally Responsible Solvents & Processes

Chairman and Co-Founder, Micell Technologies

