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PREFACE

The exploding market of information technology requires ultra-high-speed
integrated circuits, which imposes formidable challenges in terms of nanofabrication,
advanced materials, atomic scale measurements and modeling. The enormous costs of next-
generation lithographic machines to mass produce integrated circuits with sub-100 nm
resolution justify alternative approaches where the use of advanced materials and
techniques for nanofabrication including epitaxial growth, and their powerful modeling, can
lead to more cost-effective strategies.

This volume contains most of the papers that were presented during Symposium J,
"Advanced Materials and Techniques for Nanolithography,” and Symposium N, "Atomic
Scale Measurements and Atomistic Models of Epitaxial Growth and Lithography,” at the
1999 MRS Fall Meeting in Boston, Massachusetts. Because of the complementary nature
of the two subject matters, particularly in their applicability to device nanofabrication, it
was felt that a combined proceedings volume offered the best way to present the findings
in a unified and comprehensive manner. The editors trust that the reader will find here a
nice overview of the state of the art, both theoretical and experimental, as well as an
indication of the future trends and remaining challenges in this technologically important
field.

Symposium J focused on the materials aspect of nanolithography by highlighting the
advances in resist technology, which is now increasingly recognized as a bottleneck for sub-
100 nm resolution. Indeed, whatever the degree of sophistication of a lithographic machine,
a non-optimum resist can completely ruin the overall lithographic process. Major papers
describing new concepts of resists based on various nanocomposites and particularly on
ordered polymer/inorganic structures to decrease electron proximity effects are included in
this volume.

Advances in lithographic techniques such as X-ray lithography and electron beam
lithography are described, while a special emphasis is put on ion projection lithography.
Indeed, ion projection lithography is a very promising and versatile technique which has
benefitted from more research and development efforts in Europe than in the U.S.A.
Generally regarded as the next revolution in electronics, molecular electronics has been
covered bearing in mind that future lithographies should aim at taking up the challenge of
"molecular"-scale interconnections. For the sake of completeness, contributions
exemplifying the fabrication of real nanostructures and useful nanodevices such as
nanotransistors are included.

The papers from Symposium N contained in this volume focus on recent advances
made in both atomic scale measurements and models of epitaxial growth as well as
lithography. They strike a nearly equal balance between theoretical and experimental
approaches. Scanning probe microscopy is the dominant experimental theme, although
other techniques are also represented. As described here, advances in plan view and cross

xi
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sectional techniques make it clear that characterization of device materials has now reached
the point where feedback from such measurements can be used to improve device growth.
The theory papers are divided primarily between kinetic Monte Carlo (KMC) simulations
of growth and ab initio calculations of basic surface properties. A few papers discuss how
to combine ab initio data for transition energies with KMC simulations, and this appears to
be a promising approach for the development of robust models for growth. Validation of
such models by scanning probe microscopy is now at hand and promises to be an exciting
area for the future, offering rich collaboration between theorists and experimentalists,
ultimately leading to a faster design cycle, reduced costs, and more efficient devices.

Lhadi Merhari

Luc T. Wille

Kenneth E. Gonsalves
Mark F. Gyure

Shinji Matsui

Lloyd J. Whitman

January 2000
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