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PREFACE

An emerging theme in computational materials science is that of multiscale
modelling. While the definition of "multiscale modelling" itself is developing as
new ideas and applications appear, a broad interpretation of this field includes
efforts to exploit insights arising either from distinct methodologies, or from the
attempt to incorporate multiple mechanisms into the same modelling paradigm.
Though multiple scale models are not new (their origins can be traced to early
attempts to explain macroscopic phenomena on the basis of molecular
interactions within a physical system, or between a system and its boundaries),
the topic has recently taken on a new sense of urgency. This is in large part due
to the recognition that brute force computational approaches often fall short of
allowing for direct simulation of both the characteristic structures and temporal
processes found in real materials. As a result, a number of hybrid approaches
are now finding favor in which ideas borrowed from distinct disciplines or
modelling paradigms are unified to produce more powerful techniques.

Symposium J, "Multiscale Modelling of Materials," at the 1998 MRS Fall
Meeting in Boston, Massachusetts, attempted to serve as a forum for taking stock
of recent developments in multiscale modelling. The symposium was
characterized by high attendance, lively discussion, a series of successful invited
talks, and important contributed talks and posters. In addition, this symposium
participated in three separate joint sessions with other symposia:

(i) Symposium K, "Computation of Rates of Activated Processes"

This joint session was engendered in part on the recognition that
multiscale efforts are needed not only in order to treat the multiple length
scales that arise in materials, but also to treat the multitude of time scales
arising in many processes. Indeed, much of the discussion in this joint
session was aimed at determining how to connect the exceedingly short time
scales characterizing atomic motion to the time scales of interest in physical
phenomena, ranging from seconds upward.

(ii) Symposium M, "Fracture and Ductile vs. Brittle Behavior—Theory,
Modelling and Experiment"

Developments that were widely discussed in this symposium were
primarily methodological, and concerned the general question of how best to
exploit atomic-scale calculations without having to resort to such calculations
throughout the medium of interest. A common theme in these models is the
use of continuum ideas in one region, and atomic-scale calculations only in
the vicinity of what one might loosely call the "process zone." A number of
different schemes were presented in which the continuum regions were
treated with finite element descriptions, while the regions of full atomic
resolution were treated using conventional atomistic arguments. The key
difficulty that must be faced in these types of methods is the "handshaking"
between the different regions.

XIII
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(iii) Symposium N, "Microstructural Processes in Irradiated Materials"

A joint session with Symposium M focused on the application of
molecular dynamics, kinetic Monte Carlo and rate theory methods to
describing microstructure changes in irradiated materials. Presentations
ranged from descriptions of the atomistic process of defect production in
irradiated materials (a picosecond and nanometer-scale problem) to rate
equation-based simulations of damage accumulation and microstructure
evolution in irradiated steels (a macroscopic length and time-scale problem).
Furthermore, several talks described the coupling of these simulation
methods to provide a unified simulation approach across all relevant length
and time scales. Applications to embrittlement of reactor pressure vessel
steels provided an excellent example of how multiscale modelling can be
used to model and understand problems of actual industrial interest in real
materials.

One of the specific problem areas in which multiscale modelling has seen
increasing success is the investigation of thin-film growth and processing. These
ideas were illustrated in this symposium via a variety of models involving a few
key elements, the first being a microscopic parameterization of the key atomic-
scale processes that take place during the growth process. Once these processes
have been parameterized, a kinetic Monte Carlo (KMC) scheme can be
implemented in order to simulate the process of interest, in which all relevant
microscopic processes are taken into account with appropriate rates. Finally,
KMC results can be incorporated into large-scale theoretical models, which serve
to describe the film morphology at macroscopic scales. In addition to the
modelling of growth processes, a number of efforts addressed different classes
of defects in materials including point defects, surfaces and grain boundaries.
The role of defects as a key structural component in materials is well known.
The fact that such defects are often associated with length scales intermediate
between atomic and microstructural features makes them a continuing
challenge in the context of materials modelling.

This symposium illustrated the important role of multiscale modelling as a
key component in the current efforts to construct a viable field of computational
materials science. A number of important problems and challenges remain to be
addressed, some major unresolved themes being the seamless coupling of
different regions described by disparate methodologies, and the issue of
multiple time scales, nevertheless, the symposium showed that a legitimate
foundation for future work has been laid.

Vasily V. Bulatov
Tomas Diaz de la Rubia
Rob Phillips
Efthimios Kaxiras
riasr Qhoniem

January 1999

xiv

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials
Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem
Frontmatter
More information

http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org


MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS

Volume 507— Amorphous and Microcrystalline Silicon Technology—1998, R. Schropp,
H.M. Branz, M. Hack, I. Shimizu, S. Wagner, 1999, ISBN: 1-55899-413-0

Volume 508— Flat-Panel Display Materials—1998, Q. Parsons, C-C. Tsai, T.S. Fahlen, C. Seager,
1998, ISBN: 1-55899-414-9

Volume 509— Materials Issues in Vacuum Microelectronics, W. Zhu, L.S. Pan, T.E. Felter,
C. Holland, 1998, ISBN: 1-55899-415-7

Volume 510— Defect and Impurity Engineered Semiconductors and Devices II, S. Ashok,
J. Chevallier, K. Sumino, B.L. Sopori, W. Gotz, 1998, ISBN: 1-55899-416-5

Volume 511— Low-Dielectric Constant Materials IV, C. Chiang, P.S. Ho, T-M. Lu, J.T. Wetzel,
1998, ISBN: 1-55899-417-3

Volume 512— Wide-Bandgap Semiconductors for High Power, High Frequency and High
Temperature, S. DenBaars, J. Palmour, M.S. Shur, M. Spencer, 1998,
ISBN: 1-55899-418-1

Volume 513— Hydrogen in Semiconductors and Metals, N.H. Nickel, W.B. Jackson,
R.C. Bowman, R.Q. Leisure, 1998, ISBN: 1-55899-419-X

Volume 514— Advanced Interconnects and Contact Materials and Processes for Future
Integrated Circuits, S.P. Murarka, M. Eizenberg, D.B. Fraser, R. Madar, R. Tung,
1998, ISBN: 1-55899-420-3

Volume 515— Electronic Packaging Materials Science X, D.J. Belton, M. Qaynes, E.G. Jacobs,
R. Pearson, T. Wu, 1998, ISBN: 1-55899-421-1

Volume 516— Materials Reliability in Microelectronics VIII, J.C. Bravman, T.N. Marieb,
J.R. Lloyd, M.A. Korhonen, 1998, ISBN: 1-55899-422-X

Volume 517— High-Density Magnetic Recording and Integrated Magneto-Optics: Materials
and Devices, J. Bain, M. Levy, J. Lorenzo, T. Nolan, Y. Okamura, K. Rubin,
B. Stadler, R. Wolfe, 1998, ISBN: 1-55899-423-8

Volume 518— Microelectromechanical Structures for Materials Research, S. Brown,
J. Gilbert, H. Guckel, R. Howe, G. Johnston, P. Krulevitch, C. Muhlstein,
1998, ISBN: 1-55899-424-6

Volume 519— Organic/Inorganic Hybrid Materials, R.M. Laine, C. Sanchez, C.J. Brinker,
E. Giannelis, 1998, ISBN: 1-55899-425-4

Volume 520— Nanostructured Powders and Their Industrial Application, G. Beaucage,
J.E. Mark, G.T. Burns, D-W. Hua, 1998, ISBN: 1-55899-426-2

Volume 521— Porous and Cellular Materials for Structural Applications, D.S. Schwartz,
D.S. Shih, A.G. Evans, H.N.G. Wadley, 1998, ISBN: 1-55899-427-0

Volume 522— Fundamentals of Nanoindentation and Nanotribology, N.R. Moody,
W.W. Gerberich, N. Burnham, S.P. Baker, 1998, ISBN: 1-55899-428-9

Volume 523— Electron Microscopy of Semiconducting Materials and ULSI Devices,
C. Hayzelden, C. Hetherington, F. Ross, 1998, ISBN: 1-55899-429-7

Volume 524— Applications of Synchrotron Radiation Techniques to Materials Science IV,
S.M. Mini, S.R. Stock, D.L. Perry, L.J. Terminello, 1998, ISBN: 1-55899-430-0

Volume 525— Rapid Thermal and Integrated Processing VII, M.C. Ozturk, F. Roozeboom,
P.J. Timans, S.H. Pas, 1998, ISBN: 1-55899-431-9

Volume 526— Advances in Laser Ablation of Materials, R.K. Singh, D.H. Lowndes,
D.B. Chrisey, E. Fogarassy, J. Narayan, 1998, ISBN: 1-55899-432-7

Volume 527— Diffusion Mechanisms in Crystalline Materials, Y. Mishin, G. Vogl, N. Cowem,
R. Catlow, D. Farkas, 1998, ISBN: 1-55899-433-5

Volume 528— Mechanisms and Principles of Epitaxial Growth in Metallic Systems, L.T. Wille,
C.P. Burmester, K. Terakura, G. Comsa, E.D. Williams, 1998, ISBN: 1-55899-434-3

Volume 529— Computational and Mathematical Models of Microstructural Evolution,
J.W. Bullard, L-Q. Chen, R.K. Kalia, A.M. Stoneham, 1998, ISBN: 1-55899-435-1

Volume 530— Biomaterials Regulating Cell Function and Tissue Development, R.C. Thomson,
D.J. Mooney, K.E. Healy, Y. Ikada, A.G. Mikos, 1998, ISBN: 1-55899-436-X

Volume 531— Reliability of Photonics Materials and Structures, E. Suhir, M. Fukuda,
C.R. Kurkjian, 1998, ISBN: 1-55899-437-8

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials
Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem
Frontmatter
More information

http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org


MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS

Volume 532— Silicon Front-End Technology—Materials Processing and Modelling,
N.E.B. Cowern, D.C. Jacobson, P.B. Griffin, P.A. Packan, R.P. Webb,
1998, ISBN: 1-55899-438-6

Volume 533— Epitaxy and Applications of Si-Based Heterostructures, E.A. Fitzgerald,
D.C. Houghton, P.M. Mooney, 1998, ISBN: 1-55899-439-4

Volume 535— III-V and IV-IV Materials and Processing Challenges for Highly Integrated
Microelectonics and Optoelectronics, S.A. Ringel, E.A. Fitzgerald, I. Adesida,
D. Houghton, 1999, ISBN: 1-55899-441-6

Volume 536— Microcrystalline and Nanocrystalline Semiconductors—1998, L.T. Canham,
M.J. Sailor, K. Tanaka, C-C. Tsai, 1999, ISBN: 1-55899-442-4

Volume 537— QaN and Related Alloys, S.J. Pearton, C. Kuo, T. Uenoyama, A.F. Wright, 1999,
ISBN: 1-55899-443-2

Volume 538— Multiscale Modelling of Materials, V.V. Bulatov, T. Diaz de la Rubia, R. Phillips,
E. Kaxiras, N. Qhoniem, 1999, ISBN: 1-55899-444-0

Volume 539— Fracture and Ductile vs. Brittle Behavior—Theory, Modelling and
Experiment, Q.E. Beltz, R.L. Blumberg Selinger, K-S. Kim, M.P. Marder, 1999,
ISBN: 1-55899-445-9

Volume 540— Microstructural Processes in Irradiated Materials, S.J. Zinkle, Q. Lucas,
R. Ewing, J. Williams, 1999, ISBN: 1-55899-446-7

Volume 541— Ferroelectric Thin Films VII, R.E. Jones, R.W. Schwartz, S. Summerfelt, I.K. Yoo,
1999, ISBN: 1-55899-447-5

Volume 542— Solid Freeform and Additive Fabrication, D. Dimos, S.C. Danforth, M.J. Cima,
1999, ISBN: 1-55899-448-3

Volume 543— Dynamics in Small Confining Systems IV, J.M. Drake, Q.S. Qrest, J. Klafter,
R. Kopelman, 1999, ISBN: 1-55899-449-1

Volume 544— Plasma Deposition and Treatment of Polymers, W.W. Lee, R. d'Agostino,
M.R. Wertheimer, B.D. Ratner, 1999, ISBN: 1-55899-450-5

Volume 545— Thermoelectric Materials 1998—The Next Generation Materials for Small-Scale
Refrigeration and Power Generation Applications, T.M. Tritt, M.G. Kanatzidis,
G.D. Mahan, H.B. Lyon, Jr., 1999, ISBN: 1-55899-451-3

Volume 546— Materials Science of Microelectromechanical Systems (MEMS) Devices,
A.H. Heuer, S.J. Jacobs, 1999, ISBN: 1-55899-452-1

Volume 547— Solid-State Chemistry of Inorganic Materials II, S.M. Kauzlarich,
E.M. McCarron III, A.W. Sleight, H-C. zur Loye, 1999, ISBN: 1-55899-453-X

Volume 548— Solid-State Ionics V, G-A. Nazri, C. Julien, A. Rougier, 1999,
ISBN: 1-55899-454-8

Volume 549— Advanced Catalytic Materials—1998, P.W. Lednor, D.A. Nagaki, L.T. Thompson,
1999, ISBN: 1-55899-455-6

Volume 550— Biomedical Materials—Drug Delivery, Implants and Tissue Engineering,
T. Neenan, M. Marcolongo, R.F. Valentini, 1999, ISBN: 1-55899-456-4

Volume 551— Materials in Space—Science, Technology and Exploration, A.F. Hepp,
J.M. Prahl, T.G. Keith, S.G. Bailey, J.R. Fowler, 1999, ISBN: 1-55899-457-2

Volume 552— High-Temperature Ordered Intermetallic Alloys VIII, E.P. George, M. Yamaguchi,
M.J. Mills, 1999, ISBN: 1-55899-458-0

Volume 553— Quasicrystals, J-M. Dubois, P.A. Thiel, A-P. Tsai, K. Urban, 1999,
ISBN: 1-55899-459-9

Volume 554— Bulk Metallic Glasses, W.L. Johnson, C.T. Liu, A. Inoue, 1999,
ISBN: 1-55899-460-2

Volume 555— Properties and Processing of Vapor-Deposited Coatings, M. Pickering,
B.W. Sheldon, W.Y. Lee, R.N. Johnson, 1999, ISBN: 1-55899-461-0

Volume 556— Scientific Basis for Nuclear Waste Management XXII, D.J. Wronkiewicz,
J.H. Lee, 1999, ISBN: 1-55899-462-9

Prior Materials Research Society Symposium Proceedings available by contacting Materials Research Society

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials
Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem
Frontmatter
More information

http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

	http://www: 
	cambridge: 
	org: 


	9781107413764: 


