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PREFACE

This volume contains the proceedings of Symposium B, "Si Front-End Processing—Physics
and Technology of Dopant-Defect Interactions IL," held April 24-27 at the 2000 MRS Spring
Meeting in San Francisco, California. As indicated by the series number, this symposium
continues the theme of the previous year's front-end symposium by concerning itself with
formation of electrical junctions in the front-end processing of devices sized for the
approaching end-of-the-roadmap.

In general, dopant diffusion and activation are controlled by interactions of the dopant
with native- or other defects, with other dopant atoms, and with the various interfaces in a
device. Examples of these interactions include enhanced dopant diffusion, dopant-defect
clustering, dopant precipitation, dopant out-diffusion or segregation, and Fermi-level as well as
stress-effects on dopant diffusion. It is not only desirable but essential to formulate physics-
based models of these phenomena for the development of an accurate, and truly predictive,
front-end process simulation capability. To achieve this it is necessary both to apply advanced
characterization techniques, such as two-dimensional junction profiling, to more precisely
describe the observed phenomena and to take advantage of the insight offered by advanced
simulation methods such as atomistic techniques, which can now be used to model the whole
device. To address these issues materials scientists, silicon technologists and TCAD researchers
were brought together in this symposium to share experimental results and physical models
that describe phenomena which control the three-dimensional dopant profile.

The symposium was organized into eleven sessions over three and one-half days, with 11
invited speakers and 70 contributed talks. Approximately 200 persons attended each session.
Session topics were the challenges of device scaling, 2-D dopant characterization, Si front-end
processing, ion implantation and shallow junction technology, group III diffusion and
activation, carbon diffusion and activation, group V diffusion and activation, vacancy-type
defects, re-grown amorphous layers, and structure and properties of point and extended defects.

Highlights of the presentations and discussions:

B Through a number of excellent industrial talks, future issues in device scaling were
quantitatively linked with the requirements placed on dopant profile and junction
formation, emphasizing not only shallow junction depth and high-concentration
activation, but also the extremely tight limits on junction abruptness.

® Multiple implant and annealing schemes were presented to improve the relationship
between junction depth and sheet resistance, as required for future device technologies. The
anneal processes spanned from extremely low-temperature pre-anneals to extremely high-
temperature pulsed laser processing. Experimental data and modeling of dopants after spike
anneals were presented. A number of papers evaluating implantation of alternative
chemical species for defect engineering, including C, N, F, O, Cl, S, Se and Br, showed
interesting results. For defects, high energy MeV implants into thin SOI layers were used to
effectively implant vacancies and dramatically alter dopant diffusion.

m In probing the dopant-defect interaction, new experimental data for the early phases of
cluster formation was presented together with modeling which furthered their
understanding. At the same time, critical analysis of the predictive power of ab-intio
calculations was given, pointing out how the underlying assumptions can dramatically
change the resulting calculations of defect energetics. A talk was given which showed how
genetic algorithms can be applied to materials science as a new method to extract
fundamental parameters.

Xiii
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B A session on dopant characterization discussed the state of the art for some prominent 2D
profiling techniques, including SCM, SSRM, and electron holography. As several talks on
device scaling pointed out, the requirements on junctions for sub-100nm devices are 2D in
nature, so that 2D profile measurements are necessary for on-going development.

B To mark this year-2000 symposium, Professor R. Fair gave an excellent historical
overview of the field of implant and annealing in silicon devices.

Aditya Agarwal
Lourdes Pelaz
Hong-Ha Vuong
Paul Packan
Masataka Kase

May 2000
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