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Final Report
POLYMER RESIST SYSTEMS FOR ADVANCED MICROLITHOGRAPHY
F. Rodriguez and S. K. Obendorf, Cornell University

The key to maskless pattern transfer for submicrometer geometries has been e-
beam lithography. Economic use of the patterning tool demands high sensitivity resist
materials. Resolution requires efficient development of the exposed pattern. The
developed pattern must resist dry etching. The point of departure for most workers for
many years has been high-molecular-weight poly(methyl methacrylate), PMMA. The
aim throughout this work has been to produce and characterize systems with enhanced
sensitivity, resolution, and etch resistance without losing the inherent advantages of
adhesion, durability, reproducibility, and versatility which is typical of PMMA.

From the beginning of the project, new polymers and polymer systems were
evaluated as e-beam and x-ray resists using gamma radiation, flood exposure to
electrons, synchrotron radiation, and e-beam patterning (2-4, 13, 16)*. Measurements of
molecular weight distribution, dissolution rates, and contrast curves were used as criteria
in evaluaung these novel materials. Supplementing these measurements later on was a
new and novel method of establishing the glass transition temperature using a
microindenter (19).

The systems investigated have included copolymers and blends. In particular,
reactive plasticizers were found to impart high sensitivity to negative-working resists with
goad resolution (7, 12). One of the most recent studies examined the kinetics of the
deprotection step in an e-beam exposed polymer which undergoes selective loss of a t-
butoxycarbonyl group (21).

Because of the overwhelming importance of the development step in producing
high resolution patterns, dissolution rate measurements were refined and applied to a

number of problems including the selection of solvents and the micromechanics of the s

dissolution process itself (1, 5, 6, 8, 9, 15, 20, 23).

The resist layer in a microlithographic scheme must, as its very name implies,  \™s*"~-.,
"resist” the action of aggresive reagents. In particular, the ion-assisted plasma o T

environment, usually termed "reactive ion etching (RIE)", is of interest. Organic
polymers show only a modest range of resistance to the oxygen and fluoride/oxygen
plasmas commonly encountered. Our studies have established the importance of

conditions including flow rates, power density, pressure, etc. (10, 14,17, 18,22). In . ° .

order to have a high degree of resistance to a plasmas, inorganic atoms need to be P

included in the structure (11). . (:.»

*The numbers in parentheses refer to the Technical Reports listed below.




Personnel associated with the project for various periods over the six years:

Staff:

Ferdinand Rodriguez, Professor, Principal Investigator
S. Kay Obendorf, Professor, Co-Principal Investigator
Yarrow M. N. Namaste, Research Support Specialist
Camille Solbrig, Research Support Specialist

Philip Krasicky, (Post-doctoral) Research Associate
Treva Long, (Post-doctoral) Research Associate

Students significantly supported by ONR:

James Jubinsky, MS, Chemical Engineering, 1987. [Now with IBM]

Robert J. Groele, PhD, Chemical Engineering, 1988. [Now with Amoco Chemical]
Sandeep Malhotra, MS, Chemical Engineering, 1989. [Now with Motorola]

Bemard C. Dems, PhD, Chemical Engineering, 1990. [Now with Dow Chemical Co.]
Cheng-Pei Lei, MS, Fiber Science, 1992. PhD candidate, continuing at Cornell.
Ashwin Ramachandran, Chemical Engineering, MS/PhD candidate, continuing at
Comell.

Students who worked on the ONR project for only part of their time at
Cornell:

Siddhartha Das, PhD, Chemical Engineering, 1986. [Now with Intel]

Leland M. Vane, PhD, Chemical Engineering, 1992. [Now with the Environmental
Protection Agency.}

The following undergraduate students in chemical engineering conducted
research in connection with the ONR project. Many of them became co-
authors on our publications.

George Gifford, BS (ChE) '85; MEng (MatSci) '86 [Now with IBM]

David Rosenthal, BS (ChE) '86 [Now with IBM)

Sung-Won Chun, BS (ChE) '87 [Now with duPont]}

Jennifer Sullivan, BS (ChE) '87 [Now with ICI America]

Jeffrey Rosenblum, BS (ChE) '87

Aaron Krasnopoler, BS (ChE) '88

Shahnaz Joarder, BS (ChE) '88 [Now with Intel]

L.isa Skeete, BS (ChE) '89

Dawn Summers, BS (ChE) '90

Brian Hand, BS (ChE) 91




-3-

The ONR-sponsored work also has led to the incorporation of several
experiments into the Polymer Laboratory Course which is taken by students from various
fields. Students from chemical, mechanical, materials and mechanical engineering and
from fiber science usually are enrolled. The dissolution rate measurement using the laser
interferometer and the glass transition characterization using the microindenter owe their
incorporation into the laboratory course to the fact that ONR-sponsored research work
was going on in our adjacent laboratories.
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