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i Red Storm and NW Computing Clusters (NWCC)
pi Enable Stockpile Stewardship Mod-Sim 8%

—

« Cray, Inc. is our vendor-partner for
Red Storm engineering & production

— $90M contract over 7 years
— 2year R&D /5 year O&M

A < ! * Delivery by December 2004,
N T SSQSS Operational Midyear 2005

NWCC (16.7 TeraOps)

» Reserved for NWSMU work only
e Total Cost - $9.7M
» Consists of three clusters:
« Two 1024-processor Clusters
at Sandia NM (one SRN/one
SCN)
* One 384-processor Cluster at
Sandia CA (SCN)
» All Systems operational in
December 2004

First row of Compute
Cabinets at SNL
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» Spice Compatible, distributed memory, analog circuit simulator.
* Project begun July 1999

» Currently in 2.1 Internal Release

— Version 2.1 represents five years of development as part of the
High Performance Electrical Modeling and Simulation (HPEMS)
effort, funded primarily by DOE's ASCI Applications program at
Sandia National Laboratories

— Provides platform for further research and development into
algorithms and methods which will provide improved capability
and performance for Sandia-specific problems.

« Key Sandia capabilities
— Predictive radiation-aware device models.
— Support for large-scale modeling via MP computing.
— Multi-fidelity modeling - device, analog and digitial.
— Distributed memory State-of-the-art solution algorithms.

o Support SGI Irix, Linux, Free-BSD, Cplant, HP Tru64, Sun Solaris,
IBM Cluster (Linux), MS Windows, ASCI White, ICC, Mac OS X.
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/_'. Solder degradation and interconnect failure Xg

IS @ major concern in our business
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edicting solder degradation & electronics lifetim
IS a cross-discipline, multi-scale challenge
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Circuit board design?

Loading?

Material behaviors?

Operation / storage environment?
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PI: Liz Holm (SNL/NM)

Integrated, Multiscale
Approach:

Microscale discovery of
failure mechanisms

]

Mesoscale FEM/MPM for
damage localization

]

Macroscale FEM for
component lifetime modeling

'
- ‘ A multiscale modeling approach |Xg||
was developed to address TMF in solder joints
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-_4/" Our coupled viscoplasticity / damage |gg||

solder model takes input from microscale
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1w, & D;, are inelastic damage variables.
— Based on free energy equivalence principle
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* Includes grain size as an internal state variable A
which evolves during the simulation.

— Increases in grain size reduces the creep rate
(dM for relatively low stress level. / A=9 um

— Increases in grain size reduces the flow /
strength (the sinh term) for relatively high S S

stress level --- Hall-Petch relationship. STRESS (psi)
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,4" Carefully designed experiments |8%||
‘/" were applied to validate the solder model

Model System: Double lap shear test
vehicle

Experimental
specimen

(blow-up) Unpotted clock fails

near edge clips

Damage parameter results
Red = high damage
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2.557E-3

Potted clock fails at
ik largest components

2.854E-3

Micromechanics damage-based
solder model enables predictions of
thermomechanical fatigue and
failure location in microelectronics.
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) Multiscale materials modeling & simulation |88||

were oversold in the past 10 years, but .

» Device performance Macroscopic
» Component reliability Performance
* Lifetime assessment
T Continuum « Material response
o » Damage accumulation
o * Fracture
c
@®
6 _ « Morphology prediction
. Microstructure « Grain boundary migration
> * Crystal plasticity & local failure
=] * Diffusion, e.g. solute, ...
‘_;5 e—— At —> s
c « Effects of defects, impurities, ...
S . * Kinetics & anisotropy
O Atomic/ * Surface/interface energy & residual stress
Molecular « Material property, e.g. diffusivity, ...

Time ———»

. there is an increasing need as we seek to understand and
control the behavior of increasingly complex materials.
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