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X3D Grid Generation

Benefits

a5 Three-dimensional,
moving, adaptive, grid
generation is the es-
sential enabling tech-
nology to allow scientists
and engineers to solve
realistic time-dependent,
multiple material three-
dimensional (3D) prob-
lems that use techniques
such as finite-difference
and finite-element meth-
ods. This newly devel-
oped software (X3D) is
the only 3D time-
dependent tool set
presently available in the
U.S., and perhaps the
world.

[n three dimensions,
X3D’s unstructured grid
toolbox library mini-
mizes required computer
resources because grids
created using X3D
require a minimum
number of grid nodes to
resolve problem-specific
properties such as
moving boundaries/
materials, while still

Three time-stops in a semiconductor process showing oxida-
tion, (expansion of red area) and dopant diffusion (red, green,

and blue) isosurfaces in the silicon layer. (Devetoped in conjunction
with R. K. Smith, AT&T)

preserving multimaterial interface
integrity.

X3D was intentionally designed to
be easily applied by the user to any
3D application through user-
extensible data objects, user-defined
commands, and easy to use tools for
linking with existing user-specified
application software. To date, the
X3D software has been imple-
mented and tested as a toolbox
library on four different workstation
platforms.

How X3D works

Modeling and simulation of
realistic, static, or dynamic, 3D
processes requires generation,
optimization, and dynamic main-
tenance of high-quality 3D grids.
The grid software produces grids
that can be used by any numeric
method for solving partial
differential equations that supports
unstructured elements such as finite
difference, finite volume, or finite
element techniques. Grid generation
is the procedure of creating a set of
connected elements for a user-
specified geometry which is used to
represent an evolving physical or
chemical process. Elements are
simple geometric objects such as
tetrahedra or hexahedra; the vertices
of the elements are called nodes.
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X3D Grid Generation

Grid optimization involves de- quadrilaterals in space. These sheets
termining the proper node spacingre topographically two dimen-
by adjusting node density usingsional but geometrically three
refinement and smoothing techdimensional as if, for instance, one
niques to reflect the problem to bavere to take a sheet of rubber and
solved. In order to obtainwarp and stretch it to conform to an

accurate solutions in bothuneven surface. For example, to
time and space, the gridsmodel an etch or deposition process
must be dynamically for a semiconductor device, the

modified to follow moving interface between the silicon region

region interfaces and time-and the silicon dioxide region is best
dependent function chan-represented as a distorted sheet
ges. X3D provides a library surface.

of tools useful to static and(2) Nodes are then distributed on the
time-dependent applicationsurfaces and within the volume of

areas over widely varyingthe geometry. In order to most

spatial scales ranging fromaccurately represent the actual
microns for semiconductorspatial geometry, the user may

device and process mod-choose among Cartesian, cylin-

eling to kilometers for drical, or spherical coordinate

geologic modeling. Rea-systems for each region and may

listic models usually choose even or proportional spacing
require intricate geometriesto control node density.

and multiple materials in (3) The last step connects the nodes
order to capture theinto volume elements. X3D
phenomenon of interest.supports hybrid grids which
Grid generation algorithmscombine hexahedral and tetrahedral
must handle multiple grid sections using pyramids and
materials and nonanalyticprisms as bridge elements. X3D
interfaces and must creataises a modified Delaunay
accurately-shaped ele-etrahedralization algorithm which
ments with carefully respects material interfaces by
placed nodes. X3D gener-assuring that there are no multima-
ates grids meeting thesderial elements and that guarantees
requirements in the fol- that there are positive coupling

Semiconductor device
model-computational grid
is generated from solid
model. Note clean inter-
faces between materials,
varied aspect ratios of ele-
ments, and use of propor-
tional spacing in the green
silicon region.

(Model contributed by Intel Corporation.)

lowing three steps. coefficients, an essential require-
ment for solving the matrices used
Grid Generation by modeling applications. Hybrid

grids offer the calculational
(1) X3D defines geometric regionsadvantage of hexahedral gridding
as combinations of bounding(fewer elements) and the com-
surfaces, where the surfaces may Ideteness of tetrahedral gridding.
described analytically (e.g., planes,
spheres, cylinders, or cones), oBrid Optimization
surfaces may be described as sheets
(user-provided) which are col-Grid optimization combines
lections of connected triangles ompplication refinement, smoothing,
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and reconnection tools whichtime-dependent simulations.
modify the grid to provide more

spatial resolution where needed bysrid Server Architecture

the problem being solved. Grid

geomatric. orieria Such a6 edgpphcatons hat oot gh-quap2D Sice f 8 3D semiconduc-
length, or based on a physical fielogﬁgs, the X3D data structures apd_ PrOCeSS simulation show-
variable criterion. For example, inlibraries were designed as obje {19 smoothing and ref_lne_-
modeling boron diffusion in silicon, in order to be completely and eas yynent to concentrate g_”d in
it is necessary to resolve very steepser extendable. For example, if &'€as of steepest gradient of
diffusion gradients where smallerdiffusion simulation problem the dopant concentration.
elements are needed; the refinemente quire s
tool creates more elements where thgoron con-
gradient is highest. Grid smoothingcentrations
moves existing nodes to adapt thén silicon,
grid to physical field variable criteriathe user will
and, at the same time, maintaingssue a com-
quality element shape. Gridmand ad-
elements may become distorted ogding a boron |
may become non-Delaunay as nodeteld to the
are added as a result of refinemenjrid and to
or moved as a result of smoothinghe data
operations. Grid reconnection therstructure,
maintains the necessary elementand X3D
shape quality by interchanging thewill assume
connections to eliminate highly all responsibility of maintaininje

distorted elements and to maintainhat field as the grid evolves. User
the positive coupling coefficient commands are also easily added to
criterion of the grid. X3D. A user command
might be as simple a
Time-Dependent Grid Maintenance reading a nonstandard inp|
file or as complex as solvin
Grid maintenance in time-depend-a set of partial differential
ent simulations uses the refinementgquations on the grid. T
smoothing, and reconnection tooldmplement such a comman
to respond to function value changethe user would not have f
and node movement. Additional rechange any lines of X3[
quirements are imposed when trackeode; the needed data a
ing moving surfaces. As interfaceaccessible through librar)
surfaces move, the regions touchinfunctions, and the ney
these.surfaces grow or .shrmkcommand che mo_dule X3D is also used in model-
dynamically. As surfaces collide, theneed only be linked with the X3D . L
grid must respond by merging pointdibraries. Finally, the X3D toolbo ing and F:astlng appllcatlon_s.
and effectively squeezing out thewas designed to provide direct and®OWn is a hexagonal grid
material between the collidingeasy integration with user-for a casting application.
surfaces. X3D provides thesegenerated application codes. Hor
additional grid maintenance tools foexample, a user-generated
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application can view the X3D grid generation in geological
toolbox as a grid server. Theapplications to calculate fluid flow

application will ask the server toand reactive chemical transport by
create the initial grid and to performfinite element and finite difference
user-specified operations on thenethods. Both coarse grids for
grid. This design relieves thepreliminary calculations and
application from all grid chores.

refined grids for final, high-
resolution calculations are used in
these calculations.
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Shown is a 3D model of gec
logic stratigraphy and a 20
computational mesh ex

tracted from the 3D model.

This is used for studying lat
eral flow resulting from
stratigraphic and perme
ability contrasts

Semiconductor applications are don
in collaboration with the Semicon
ductor Research Corporation and th
geologic application in collaboration
with the Department of Energy's
Yucca Mountain Site Characteriza
tion Project.
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)-Geological Applications

r Geological applications require
accurate representation of complex
engineered systems (wells, tunnels,
reservoirs) and geologic structure
and stratigraphy (layering, folding, LOS Alamos
domes, faulting) in order to produge!AT!ONAL LABORATORY
accurate numerical models of fluidLos Alamos, New Mexico 87545
flow an.d transpgrt. Oil and g SAUS. Department of Energy Laboratory
reservoir production, ground water
resource development, hazardgusos Alamos National Laboratory, an
waste site characterization andffirmative action/equal opportunity
remediation, and nuclear was é*;“g"?)f’ee'_isf"per:atad .bydthse University
disposal i a geologic repository argcaion e Unted Siates
some of the areas where modelingy-7405-ENG-36.
must be used to predict the long term LALP-96-38
egehawor of a system. In all these @ane 4 on recycled paper
ystems, grid generation is the key

to accurate and stable solutionsThis scientific work is centered in the

X3D is currently used for automatedTheoretical Division's Group T-1 at
Los Alamos.
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