SANDIA REPORT

SAND2006-6828
Unlimited Release
Printed November 2006

SummitView 1.0:

A Code to Automatically Generate 3D
Solid Models of Surface Micro-machining
based MEMS Designs

Corey L. McBride, Victor Yarberry, Ray Meyers, and Rodney Schmidt

Prepared by
Sandia National Laboratories
Albuquerque, New Mexico 87185 and Livermore, California 94550

Sandia is a multiprogram laboratory operated by Sandia Corporation,
a Lockheed Martin Company, for the United States Department of Energy’s
National Nuclear Security Administration under Contract DE-AC04-94-AL85000.

Approved for public release; further dissemination unlimited.

@ Sandia National Laboratories



Issued by Sandia National Laboratories, operated for the United States Department of Energy by
Sandia Corporation.

NOTICE: This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government, nor any agency thereof, nor any of
their employees, nor any of their contractors, subcontractors, or their employees, make any
warranty, express or implied, or assume any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represent that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government, any agency thereof, or any of their contractors or subcontractors. The
views and opinions expressed herein do not necessarily state or reflect those of the United States
Government, any agency thereof, or any of their contractors.

Printed in the United States of America. This report has been reproduced directly from the best
available copy.

Available to DOE and DOE contractors from
U.S. Department of Energy
Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831

Telephone: (865) 576-8401
Facsimile: (865) 576-5728
E-Mail: reports@adonis.osti.gov

Online ordering: http://www.osti.gov/bridge

Available to the public from
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Rd.
Springfield, VA 22161

Telephone: (800) 553-6847

Facsimile: (703) 605-6900

E-Mail: orders@ntis.fedworld.gov

Online order: http://www.ntis.gov/help/ordermethods.asp?loc=7-4-0#online




SAND2006-6828
Unlimited Release
Printed November 2006

SummitView 1.0:
A Code to Automatically Generate 3D Solid Models of
Surface Micro-machining based MEMS Designs

Corey L. McBride and Ray Meyers Victor Yarberry and Rodney Schmidt

Elemental Technologies Sandia National Laboratories
17 North Merchant Street P.O. Box 5800
American Fork, UT 84003 Alburquerque, NM 87185

Abstract

This report describes the SummitView 1.0 computer code ldped at Sandia National Labo-
ratories. SummitView is designed to generate a 3D solid maheenable to visualization and
meshing, that represents the end state of a microsystemdtbn process such as the SUMMIT
(Sandia Ultra-Planar Multilevel MEMS Technology) V proses-unctionally, SummitView per-
forms essentially the same computational task as an eadds called the 3D Geometry modeler
[1]. However, because SummitView is based on 2D instead o&@ structures and operations,
it has significant speed and robustness advantages. Adtimegtiires a definition of both the pro-
cess itself and the collection of individual 2D masks creédig the designer and associated with
each of the process steps. The definition of the process taioed in a special process definition
file [2] and the 2D masks are contained in MEM format files [3heTcode is written in C++ and
consists of a set of classes and routines. The classeseapties geometric data and the SUMMIT
V process steps. Classes are provided for the followingga®steps: Planar Deposition, Planar
Etch, Conformal Deposition, Dry Etch, Wet Etch and Releast E

SummitView is built upon the 2D Boolean library GBL-2D [4]n@ thus contains all of that li-
brary’s functionality.
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Chapter 1

Introduction and Background

The development of advanced multi-level surface microtnmang (SMM) micro-fabrication tech-
nologies such SUMMIT V [5] has enabled the ability to creagéeyvcomplex 3D MEMS devices.
The 3D structure of a MEMS device results from the interactbthe individual fabrication pro-
cess steps and the associated set of 2D layout masks creatied @esigner. However, because
the 2D masks do not directly reveal 3D geometry, the stresttinat result from this interaction
can be very difficult to visualize without special tools. lddition, the development of a finite-
element mesh suitable for accurately representing the gemntomplexities of the design for
needed analysis is likewise problematic.

To help address these problems, Sandia has previouslyog@gekeveral computational design
tools [6]: the 2D Process Visualizer [7, 8], a Design Rule ¢lireg System[9], and a first genera-
tion 3D Geometry Modeler [1]. The 3D Geometry Modeler is acsgeometry modeler based on
the ACIS kernel [10]. Its function is to simulate the interan between the SUMMIT V process
and a designer’s mask set, at the geometric level, to crezieraodel suitable for visualization,
rapid prototyping, and analysis.

The usefulness of the 3D Geometry Modeler as a design tochadi& prompted a subsequent
effort to improve upon it. The main limitations of this firsemgeration tool are: low robustness,
large computational costs, and difficulty producing nuicedrmeshes of the final 3D models.

The limitations with robustness and computational costdaextly linked to the use of the ACIS
3D Geometric Modeling Engine for data structures and geooetutines. ACIS is designed as
an extremely general tool that can be used as:

"The geometry foundation within virtually any end user 3D daebng applica-
tion” [10].

This broad scope requires the data structures and routires sophisticated and flexible enough
to handle a wide variety of modeling situations. Howevdsg fophistication and flexibility comes

at the price of increased size and complexity. Extensiveegpce with the 3D Geometry Modeler
has made it clear that the use of ACIS data structures anthesub perform numerous large and
complicated 3D Boolean operations is in large measure rnssiple for the low robustness and
large computational costs of the 3D Modeler.

The difficulty in producing numerical meshes comes from thglicated 3D nature of the final
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ACIS models. The 3D Geometry Modeler simulates each stepefSUUMMIT V process by
manipulating the model geometry to produce results carsistith the actual fabrication steps.
Each process step is simulated in order, with the model dsatts from the current step being used
as input for the next step. Thus the final geometry of ACIS rhedelves as each process step
is simulated. Intricate MEMS models that are produced uilgydevelopment method are more
complicated than those produced by modeling the geometegtty. It is this added complexity
that is largely responsible for the difficulty in producingmerical meshes.

The SummitView computer code described here representssb#ts of a concerted effort to over-
come the aforementioned problems of the 3D Geometry Modeleey aspect of the SummitView
code is that all geometric objects are what can be calI%dD‘.'ZThat is, they consist of a 2D ge-
ometry with an associated thickness. Usi@m geometry allows the modeling problem to be
completely solved using 2D data structures and 2D geonreuimes. Functionally, SummitView
performs essentially the same role as the 3D Geometry modédsvever, because it is based on
2D instead of 3D data structures and operations, it hasfgignt speed and robustness advan-
tages. In addition, it can be far simpler to produce numénushes of %D geometries than of
3D geometries

To perform the various 2D Boolean operations that repreaetidns occurring during different
process steps, SummitView relies on a custom 2D geometiteBa library, called GBL-2D [4],
that was developed in parallel with SummitView. Developangustom modeling engine as part
of this work had many advantages. For example, by freeingléveloper from using ACIS rou-
tines, it allowed for source-level control of data struekiand geometric routines. In addition to
allowing greater flexibility, this also allows for data sttures and routines to be stream-lined for
a specific application. Stream-lined data structures antines leads directly to reduced com-
putational costs and improved overall robustness. Theganéaljes have been verified by tests
comparing SummitView 1.0 with the 3D Geometry modeler tlhdnstrated a consistent speed-
up of approximately 2 orders of magnitude.

This report describes SummitView 1.0, a 2nd generation ¢todeitomatically generate 3D solid
models of SUMMIT V MEMS designs.
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Chapter 2

Overview of SummitView 1.0

SummitView 1.0 is written in G+ and consists of a set of-Ct classes and associated routines.
These classes can be divided into two categories: (1) dldbsé represent geometric data, and
(2) classes that simulate the SUMMIT V process steps. Then8tWew Library is built upon
and therefore also includes all of the classes in the 2D Bmolibrary GBL-2D [4]. In the code,
the class names in SummitView begin with the prefix “SV” taidiguish them from those classes
which belong to GBL-2D, which begin with “DD".

An example of how to use thesetG- classes and associated routines to prod#@ feometry

is found in Appendix 1. A definition of the fabrication prosesnd the 2D masks created by the
designer are required as input. The definition of the fabidogprocess is contained in a special
process definition file (see [2]), and the 2D masks are comtdima MEM format file (see [3]).

2.1 Supported Compilers

The SUMMITView Library has been tested with the following B2 compilers.

* Microsoft Visual C++ 6.0 with STLport Version 4.5.3 [11]
* Microsoft Visual C++ .NET 2003
* Microsoft Visual C++ 2005 Express Edition

* G++ 3.2 or greater

2.2 23D Data classes

SummitView 1.0 models a%D geometry using a collection of what are called here “chtinks
chunk consists of a 2D surface defined in the X-Y plane thattizided in the Z direction. Each
volume represented by a chunk is considered to be made ofjle sipecific material. In the code,
a chunk is represented by an instance of SVChunk.
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The material used to define each SVChunk comes from an irestdri&vMaterial. An instance of
SVMaterial contains a root material name and a step numbesrelmay be several instances of
SVMaterial with the same root material. However, there wiily be one instance of SVMaterial
for each step number. Maintaining this distinction allotws individual parts of the final geometry
to be analyzed by both material and by the step from which & deposited. Under normal
situations an instance of SVMaterial is created for eaclosiépn step. "Void” is considered a
valid material and is used to define the SVChunks represgatimpty space.

The surface used to define a SVChunk comes from an instancB®tiface. For the purpose of
the SummitView, each instance of DDSurface belongs to afsaeterconnected DDSurfaces that
tile the geometry’s bounding box in the X-Y plane. Interceated DDSurfaces share instances of
DDEdge at their neighboring boundries. There is an instah&/Chunk for each DDSurface in
the interconnected set at each elevation in the geometry.

Each unique elevation in the geometry is defined using ammest of SVLevel. An SVLevel
contains a thickness and a list of SVChunks. The thicknessetative distance in the Z direction
from the bottom of the level to the top of the level. Each S\lerg defined throughout the
geometry. Thus, there is a SVChunk for each DDSurface at 8&tttevel. The complete set
of SVChunk instances title the 3D bounding volume of the MEM&ometry. It is helpful in
understanding the SummitView routines to consider the 3indang volume as a 3D grid. The
X-Y divisions are defined by the interconnected set of DD&e$. The Z divisions are defined by
the instances of SVLevel.

2.3 SUMMITView Process Step Classes

This section describes the classes used to simulate the SOMIgrocess steps. Each sub-section
provides a description of a class and the algorithm usedntoilate the process step. Specific
details of each class and it’s interface methods can be fouGtapter 4.

To better understand the algorithms used to simulate theepsosteps it is important to understand
two concepts. The first concept is the idea of an SVChunk beiaghable. A SVChunk is consid-
ered reachable if it is connected to the top of the geometrg blgain of neighboring SVChunks
composed of affected material. The affected material dépepon the individual process step.
For some process steps the affected material may only be™Yaterial. While for other process
steps the affected material may be several materials.

The second concept to understand is the idea of neighbo¥i@ip&nks. A SVChunk is conisdered
to be a neighbor to another SVChunk if the two SVChunks sheeame DDSurface or are adja-
cent to each other. Because there is a SVChunk for each D&x%uat each SVLevel, a DDSurface
represents a column of geometry that extends in the Z diretitiroughout the complete geometry.
Thus the neighbor to a SVChunk can be found by traversingdgharm of SVChunks up or down
one SVLevel. Orin other words, the neighbor to a SVChunk eafobnd be finding the SVChunk
at the level above or below the current level that sharesaheODSurface.
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Two SVChunks are considered to be adjacent to each othegiifidspective DDSurfaces share
one or more instances of DDEdge at their boundary. Two D8ed are not considered to be
adjacent if they only share a common tangent point. Adjag&@hunks are found by examining
each DDEdge of the SVChunk’s DDSurface. DDSurfaces thatgha same instance of DDEdge
are adjacent and thus the respective SVChunk are adjacent.

2.3.1 Planar Deposition

The purpose of this class is to simulate a uniform depositiba specified material followed
by a chemical-mechanical polishing. The uniform deposit®performed by finding all "Void”
SVChunks that are reachable from the top of the geometrynTdterial of these reachable chunks
is changed to the specified deposition material.

The chemical-mechanical polishing is performed by inegrtt SVLevel at the deposition thick-
ness. The deposition thickness is defined from the base ojebmetry. The material of the
SVChunks in the level above the new SVLevel is changed todVoAny SVLevels above this
"Void” level are removed.

Figure 2.1(a) shows an existiné geometry. Figure 2.1(b) shows the result of a planar déipasi
with a thickness that is less than the height of the origiealgetry. Thus the portion of the original
geometry that extends above the deposition thickness isvetin

2.3.2 Planar Etch

The purpose of this class is to simulate a chemical-mechbhpalishing. This process produces
geometry similar to a Planar Deposition without the initi@position. The thickness of the etch
is defined from the base of the geometry. Any geometry thaneld above the etch thickness is
removed.

The etch is performed by inserting a SVLevel at the depositiockness. The material of all
SVChunks in the SVLevel above the new SVLevel is changed odV Any SVLevels above
this "Void” level are removed.

2.3.3 Conformal Deposition

The purpose of this class is to simulate a chemical vaporgigépo of a specified material. The
deposition is performed using a rolling ball offset in the¥Xplane and a straight offset in the Z
direction. Different deposition thickness are availablethe top, bottom and sides of the geometry.

The deposition is performed by first depositing materialfengides of the geometry. This is done
by finding all SVChunks of "Void” material that are reachafylem the top of the geometry. These
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(a) Before Planar Deposition.

(b) After Planar Deposition.

Figure 2.1. Planar Deposition
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chunks are grouped by level into clusters of adjacent chunks

For each adjacent chunk cluster a DDVirtualSurface is eceathis virtual surface represents the
total area of all the surfaces contained in adjacent chuwm¢et. The virtual surface is offset using
a rolling ball offset. The offset distance is the negativdesieposition thickness. This creates a
surface or surfaces that are smaller than the originalaligurface. These smaller offset surfaces
represents a deposition on the exposed surfaces that kbed®&foid” adjacent chunks.

The offset surfaces are imprinted into original surfaceshefadjacent chunk cluster. The new
surfaces that come from the difference of the offset susfarel the original surfaces represent
new chunks of the deposition material. The material of tmese offset chunks are changed from
"Void” to the new deposition material.

Once all of the side deposition have been completed the depsson the exposed top and bottom
surface are done. Top an bottom depositions are similarraradvies a process of examining each
adjacent chunk cluster for top or bottom exposed surfacetopfand bottom exposed surfaces
is found by checking to see if any of the "Void” chunks from ttiaster border a chunk directly
above or below that is not of "Void” material.

The exposed surface is deposited on by comparing the neaiglgb®oid” chunks level thickness
with the top or bottom deposition thickness. The neighlpfWoid” chunk is considered because
the material is deposited into the neighboring void. If teeaksition thickness is equal to the level
thickness the material of the "Void” chunk is changed to tbpakition material. If the deposition
thickness is less than the level thickness the level is.spiie material of the new SVChunks that
are created from the split and border the exposed surfacehareged to the deposition material.
If the deposition thickness is greater than the level thedlenthe material of the "Void” chunk is
changed to the deposition material. The remaining depositiickness, calculated by subtracting
the current level thickness from the deposition thicknessised to continue depositing into the
"Void” chunks above or below the new exposed surface.

Figure 2.2(a) shows an existiné geometry. Figure 2.2(b) shows the result of a conformal
deposition. The thickness of this example deposition ifianm on the top, bottom and sides of
the exposed surfaces. The surfaces that are on border oketreefry’s bounding box are not
considered exposed.

2.3.4 Dry Etch

The purpose of this class is to simulate a dry etch. The gagréthe etch is determined by a
MEMS mask set. The etch affects user specified materialssawfchi uniform etch depth. The}D
nature of the domain results in an etch that has 90 degre@aetgbs in the Z direction.

This etch is performed by imprinting the MEMS mask set ontoghrface list of the SVMEMS-
Geometry. The new surfaces that come from the intersectidrddference of the mask set with
the geometry surfaces are used to etch the geometry. If tek sed defines those areas that are
to be etched then the intersection surfaces are used. If éis& defines those areas that are to be
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(a) Before Conformal Deposition.

(b) After Conformal Deposition.

Figure 2.2. Conformal Deposition
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protected from the etch then the difference surfaces ai use

Each surface is the SVMEMSGeometry surface list repressestdumn of SVChunks made up
of "Void” and other materials. For each intersection or eliince surface, the column of related
SVChunks is processed. Starting at the top of the column @t&Wks, the material of each chunk
is compared to the list of affected materials. If the matefahe SVChunk is affected then the
thickness of the current level is compared to the remainioly éepth. At the top of the geometry
the remaining etch depth is equal to the etch depth. But atteprogresses through the geometry
the remaining etch depth decreases until the etch is coenplet

If the remaining etch depth is less than the level thicknksddvel is split at the remaining etch
depth. The material of the new SVChunks created from the apdi changed to "Void”. The
remaining etch depth is now zero and the etch for that colwaoimpleted.

If the level thickness is equal to the etch depth than the madif the affected chunk is changed
to "Void”. The remaining etch depth is zero and the etch fat tolumn is complete.

If the remaining etch depth is greater than the level thiskrtee material of the affected chunk
is changed to "Void” The remaining etch depth is the diffeeof the previously remaining etch
depth and the current level thickness. The new remainirtgapth is then used when examining
the next SVChunk in the column. This process continues thgilremaining etch depth equals
zero or until a SVChunk is encountered that is not of the &ffiéenaterial. SVChunks of "Void”
material are ignored when performing an etch and calcgdtia remaining etch depth.

Figure 2.3(a) shows the surfaces that make up a mask seteRd(b) shows the results of a dry
etch. The original geometry is a block of a single materialthis case the etch depth is less than
the thickness of the original geometry.

Figure 2.4(a) shows an existiné geometry consisting of three different materials. Figurgb)
shows the results of a dry etch affecting one material. s ¢hse the etch depth is greater than or
equal to the thickness of the affected material.

2.3.5 Wet Etch

The purpose of this class is to simulate a wet etch. The efpdrfermed using a rolling ball offset
in the X-Y plane and a straight offset in the Z direction. Thehes performed on all exposed
surfaces of a user specified affected material. T%IB Rature of the domain results in an etch that
has 90 degree etch angles in the Z direction.

The etch is performed by first etching material on the sidésefeometry. This is done by finding
all SVChunks of "Void” material that are reachable from tbe bf the geometry. These chunks
are grouped by level into clusters of adjacent chunks.

For each adjacent chunk cluster a DDVirtualSurface is eckathis virtual surface represents the
total area of all the surfaces contained in adjacent chuwm¢et. The virtual surface is offset using
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(a) Surfaces that define the etch mask.

(b) Results of a dry etch.

Figure 2.3.Dry Etch
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(a) Before Dry Etch.

(b) After Dry Etch.

Figure 2.4. Dry Etch of one material.
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a rolling ball offset. The offset distance is the etch degithis creates a surface or surfaces that
are larger than the original virtual surface. These lardisebsurfaces represents an etch of the
exposed surfaces that border the "Void” chunks.

The offset surfaces are then imprinted into original swe$aaf the adjacent chunk cluster. The new
surfaces that come from the intersection of the offset sagand the original surfaces represent
the material that was etched away. The material of these ffeat chunks are changed to "Void”
material.

Once all of the side etching have been completed the expopeahtd bottom surface are etched.
Top an bottom etchs are similar and involves a process of exagneach adjacent chunk cluster
for top or bottom exposed surfaces. A top and bottom expogddces is found by checking to
see if any of the "Void” chunks from the cluster border a chdirkctly above or below that is not
of "Void” material.

This exposed surface is etched on by comparing the exposedt’sHevel thickness with the etch

depth. If the etch depth is equal to the level thickness theenah of the chunk is changed to the
"Void” material. If the etch depth is less than the level #ness the level is split. The material
of the new SVChunks that are created from the split and bdh#eVoid” chunks are changed to

"Void” material. If the etch depth is greater than the levetkness the material of the chunk is
changed to "Void” material. The remaining etch depth, clatad by subtracting the level thickness
from the etch depth, is used to continue etching into the kfiatove or below the new exposed
surface.

This method of simulating a wet etch can produce some inacas. Specifically, there is a
possiblity that a chunk of affected material that is not hedide may still be etched. This happens
during the side etch step of the process. A chunk of affectanal that is unreachable will still
be etched if it is within the etch depth of a reachable churdfigicted material. This will happen
even if there is a barrier of non affected material betweentwo chunks. The reason for this is
that the surface created from offsetting the virtual swgfaicthe ajacent chunk cluster is imprinted
into the complete surface list of the SVMEMSGeometry. Thaiglistinction is made between the
chunks that are reachable and those that are not. To conisgtroblem a reachability method
would need to be designed that took into account those chthaksre being etched as well as the
current "Void” chunks.

Figure 2.5(a) shows an existiné geometry consisting of three different materials. Figut£b)
shows the results of a wet etch affecting one material. Eqgbsed surface is etched. The surfaces
that are on border of the geometry’s bounding box are notidered exposed.

2.3.6 Release Etch

The purpose of this class is to simulate a release etch. Ttlisig performed by finding all
SVChunks of affected material and that are reachable fra@dp of the SYMEMSGeometry.
The material of these chunks is changed from their presetdrrabto "Void” material.
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(a) Before Wet Etch.

(b) After Wet Etch.

Figure 2.5. Wet Etch of one material.
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(a) Before Release Etch.

(b) After Release Etch.

Figure 2.6. Release Etch of one material.
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Figure 2.6(a) shows an existiné geometry consisting of three different materials. Figu{b)
shows the results of a release etch affecting one materiabff@cted material that is reachable
from the top of the geometry is removed. Material is not cdesed reachable if is only reachable

from the surfaces that border the bounding box of the gegmetr
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Chapter 3

22D Geometry Classes

This chapter describes the interfaces for the geometricaasses. Each section contains a general
description of a class and a list of its interface methodsescdption of each interface method is
then provided.

3.1 SVChunk Class Reference

SVChunk is a typedef for std::paiunsigned int,SVMateriat>.

#include <SVLevel . hpp>

3.1.1 Detailed Description

SVChunk is a typedef for std::paiunsigned int,SVMateriat>.

The unsigned long is a pointer to an instance of DDSurfaceh E/Chunk represents a 2 1/2d
geometry and a material. The geometry is defined by an instainloDSurface and the z value of
theSVLevel(p. 44) where it resides. The material is defined by an ingtan&§VMaterial (p. 38).

37



3.2 SVMaterial Class Reference

This class is used to represent the various materials usetkte a MEMS geometry. Each
material instance has a unique name which is made up of themaierial name and the process
step number at which the material was deposited.

#include <Svmaterial . hpp>

Public Member Functions

» SVMaterial (std::string & materialname, unsigned long stapumber)
» ~SVMaterial ()

» DD_RESULTget material_name (std::string & materialname)

* std::stringgetname()

 DD_RESULTgetID (unsigned long &t1id)

* unsigned longyet.ID ()

* std::stringx root_material ()

Static Public Member Functions

* unsigned longyet.ID _generator ()

 DD_RESULTget.material (std::string &name SVMaterial «&rp_material)
 DD_RESULTget material (unsigned long &1id, SVMaterial «&rp_material)
* int getinstance map_size()

* void deleteall_instances()

* void get.depositionmaterials (std::listc SVMaterial « > &r_materiallist)

* void add_deposition material (SVMaterial xp_material)

* void getroot_materials (std::list< std::stringx > &r_materiallist)

Public Attributes

» SVColor « mColor
* std::stringmsProcessStepName
* unsigned longnStepID
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3.2.1 Detailed Description

This class is used to represent the various materials usetkte a MEMS geometry. Each
material instance has a unique name which is made up of themaierial name and the process
step number at which the material was deposited.

Author:
Corey McBride

Date:
01/10/03

3.2.2 Constructor & Destructor Documentation

3.2.2.1 SVMaterial::SVMaterial (std::string & r_material name unsigned long
stepnumber)

Constructor.

Parameters:
r_materiaLname The name of the material. This name needs to be unique fronotey
material created. If two materials have the same name tleesettond material will not
be created correctly.

stepnumber The step number at which this material is first deposited. hEamaterial-
name,stemumber- pair created must be unique.

3.2.2.2 SVMaterial::~SVMaterial ()

Destructor Removes the SVMaterial from the list of all SVBré#ls.

3.2.3 Member Function Documentation
3.2.3.1 void SVMaterial::add depositionmaterial (SVMaterial * p_material) [stati c]
This function adds deposition material to the list of defmsimaterials.

Parameters:
p_material The material to add.
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3.2.3.2 void SVMaterial::deleteall_instances () [ stati c]

This function deletes all instance of the class. This funrchould only be used to clean up
memory at the end of a program.

3.2.3.3 void SVMaterial::getdeposition materials (std::list< SVMaterial * > &
r_materiallist) [static]

This function returns the deposition materials that havedzled.

Parameters:
r_materiallist The list of materials returned.

3.2.3.4 unsigned long SVMaterial::getiD ()

Returns the id of this instance.

3.2.3.5 DDRESULT SVMaterial::get _ID (unsigned long & r_id)

Gets the ID of this instance.

Parameters:
r_id The variable used to return the id of this instance.

3.2.3.6 unsigned long SVMaterial::getiD _generator () [stati c]

This method returns the ID of the last SVMaterial created. efvnnstance that is created and
assigned an id manually should be assigned an id that isegtbat the returned value.

3.2.3.7 int SVMaterial::getinstancemap_size () [stati c]

Returns the number of instances of the class. See the discrgd the constructor for more
information on which instances are saved in the instance map

3.2.3.8 DDRESULT SVMaterial::get _material (unsigned long & r_id, SVMaterial *&
rp_material) [static]

Get the pointer to the SVMaterial with theiidd.
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Parameters:
r_id The id of the SVMaterial to get.

rp_material The pointer where the SVMaterial is returned.

Return values:
DD_SUCCESSIf the SVMaterial was found.

DD_ERRORPRIMITIVE _NOT_FOUND If a SVMaterial was not found with the id.id.

3.2.3.9 DDRESULT SVMaterial::get _material (std::string & r_name SVMaterial *&
rp_material) [static]

Get the pointer to the SVMaterial with the namaame

Parameters:
r_-name The name of the SVMaterial to get.

rp_material The pointer where the SVMaterial is returned.

Return values:
DD_SUCCESSIf the SVMaterial was found.

DD_ERRORPRIMITIVE _NOT_FOUND If a SVMaterial was not found with the name-
name

3.2.3.10 DDRESULT SVMaterial::get _material_name (std::string & r_materiaLname

Gets the std::string name of this intance.

Parameters:
r_materiaLname The variable used to return the name of this instance.

3.2.3.11 std::string SVMaterial::getname ()

Returns the name of this instance.

3.2.3.12 void SVMaterial::getroot_materials (std::list< std::string « > & r_material list)
[static]

This function returns a list of all of the root materials.

Parameters:
r_materiallist The list in which the root materials will be returned.
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3.2.3.13 std::stringc SVMaterial::root _material ()
This function returns the root material for a material.

Return values:
The name of the root material

3.2.4 Member Data Documentation
3.2.4.1 SVColokx SVMaterial::mColor

The color of the deposition material.

3.2.4.2 std::string SVMaterial::msProcessStepName

The process step name for which the material is deposited.

3.2.4.3 unsigned long SVMaterial::mStepID

Step number at which the material was deposited.
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3.3 SVColor Class Reference

SVColor holds the color number and rgb information.

#i ncl ude <SVCol or. hpp>

Public Attributes

 int mColorNumber
» doublemRed

e doublemGreen

» doublemBlue

3.3.1 Detailed Description

SVColor holds the color number and rgb information.

3.3.2 Member Data Documentation
3.3.2.1 double SVColor::mBlue

The blue value of the RGB color.

3.3.2.2 int SVColor::mColorNumber

The color number as found in the process definition file.

3.3.2.3 double SVColor::mGreen

The green value of the RGB color.

3.3.2.4 double SVColor::mRed

The red value of the RGB color.
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3.4 SVLevel Class Reference

This class is used to store all of the SVChunks that residepatrtecular level in theSVMems-
Geometry(p. 49). This class is derived from DDHashMap. Thus thissctess all the functionality
of the DDHashMap.

#i ncl ude <SVLevel . hpp>

Public Member Functions

» SVLevel (unsigned long id=0xffffffff)
» ~SVLevel()

e DD_RESULT registermemsgeometry (SVMemsGeometry xp_memsgeometry,
SVMemsGeometry::iterator geometitgrator)

» DD_RESULTunregister_.memsgeometry (SVMemsGeometry«p_memsgeometry)
 void get mems geometry (SVMemsGeometry«&rp_memsgeometry)

* SVMemsGeometry::iterat@et mems geometry iterator ()

» doubleget z_value ()

* void set z_value (double zvalue)

 DD_RESULTgetID (unsigned long &rnd)

* unsigned longyet.ID ()

Static Public Member Functions

* void deletelevel (SVLevel x&rp_level)

* unsigned longyet.ID _generator ()

* DD_RESULTgetlevel (unsigned long &iid, SVLevel «&rp _level)

* void get.instance map (DDHashMap< unsigned longSVLevel « > &r_level.map)
* int getinstance map_size()

* void deleteall _instances()

3.4.1 Detailed Description

This class is used to store all of the SVChunks that residepatrtécular level in theSVMems-
Geometry(p. 49). This class is derived from DDHashMap. Thus thisscless all the functionality
of the DDHashMap.
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Author:
Corey McBride

Date:
05/15/03

The key into the map is an unsigned long. This key is intenddakta pointer to an instance of
DDSurface. The instance of DDSurface should also be lodatéte surface list of the instance
of SVMemsGeometry(p. 49) where the SVLevel resides. The data for the map is rgrio an
instance ofSVMaterial (p. 38). Together the key and data from a std::paiSVWChunk(p. 37) is

a typedef for this particular std::pair.

3.4.2 Constructor & Destructor Documentation
3.4.2.1 SVLevel::SVLevel (unsigned longd = Oxffffffff)

Constructor.

Parameters:
id If id is Oxffffffff then the instance will be given a unique 1D bakepon the order of creation
of the instance. The SVLevel will also be added to the listlo®sLevel. If id is O then
the SVLevel will not be added to the static list of all SVLevaind will not be given a
unique id. Instead the instance will have an id of Gdlfs between 0 and Oxffffffff then
the instance will be assigned the i However, the IDs must be assigned in assending
order or the constructor will assert.

3.4.2.2 SVLevel:~SVLevel ()

Destructor Removes the SVLevel from the list of all SVLevels

3.4.3 Member Function Documentation
3.4.3.1 void SVLevel::deleteall _instances () [ stati c]

This function deletes all instance of the class. This fusrchould only be used to clean up
memory at the end of a program. Higher order objects shouttblzted first to make sure that this
instance is not being used by another class.
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3.4.3.2 void SVLevel:..deletdevel (SVLevelx& rp_leve) [static]
Deletes the SVLevel.

Parameters:
rp_level The SVLevel to be deleted.

3.4.3.3 unsigned long SVLevel::gelD ()

Returns the id of the instance.

3.4.3.4 DDRESULT SVLevel::get.ID (unsigned long & r_id)
Get the id of the instance.

Parameters:
r_id The variable where the id is returned.

3.4.3.5 unsigned long SVLevel::gelD _generator () [stati c]

This method returns the ID of the last SVLevel created. A mesteince that is created and assigned
an id manually should be assigned an id that is greater teatthrned value.

3.4.3.6 void SVLevel::getinstance map (DDHashMap< unsigned long, SVLevek > &
r_levelmap) [static]

Get a map containing pointers to all of the instances of taescindexed by instance id. See the
description of the constructor for more information on whinstances are saved in the instance
map.

Parameters:
r_leveLmap The map where the pointers are returned.

3.4.3.7 int SVLevel::getinstancemap_size () [stati c]

Returns the number of instances of the class. See the diescrgd the constructor for more
information on which instances are saved in the instance map
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3.4.3.8 DDRESULT SVLevel::getlevel (unsigned long &r_id, SVLevel «& rp_leve)
[static]

Get the SVLevel with the id_id.

Parameters:
r_id The id of the SVLevel to get.

rp_level The pointer where the SVLevel is returned.

Return values:
DD_SUCCESSIf the SVLevel was found.

DD_ERRORPRIMITIVE -NOT_FOUND If a SVLevel was not found with the id.id.

3.4.3.9 void SVLevel::getmemsgeometry (SVMemsGeometry& rp_memsgeometry

Get theSVMemsGeometryp. 49) that uses this instance.

Parameters:
rp_memsgeometry The SVMemsGeometryp. 49) that uses this instance. If the value is
NULL then the level is not being used in aB¥MemsGeometryp. 49).

3.4.3.10 SVMemsGeometry::iterator SVLevel::geimems geometry.iterator ()

Returns the interator into tHeVMemsGeometry(p. 49) that uses this instance. This is only valid
if the SVLevel belongs to 8VMemsGeometryp. 49).

3.4.3.11 double SVLevel::.getz_value ()

Returns the Z value for this level.

3.4.3.12 DDRESULT SVLevel::register_memsgeometry (SVMemsGeometryx
p_memsgeometry SVMemsGeometry::iterator geometryiterator)

Registers th&&sVMemsGeometry(p. 49) that uses this instance. The method does not notfy th
SVMemsGeometry(p. 49) that it was registered with the SVLevel. Because efat nature of
the domain, each SVLevel may only be used once.
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Parameters:
p_-memsgeometry The pointer to th&VMemsGeometryp. 49) that uses the SVLevel.

geometryiterator The SVMemsGeometry::iterator for the location of the S\Vtlen the
SVMemsGeometryp. 49).

Return values:
DD_SUCCESSIf the p.memsgeometry was registered.

DD_FAILURE If the SVLevel is already being used by anot&&fMemsGeometryp. 49).

3.4.3.13 void SVLevel::sez_value (doublez.value)
Sets the Z value for this SVLevel.

Parameters:
z value The Z value for this SVLevel.

3.4.3.14 DDRESULT SVLevel::unregister_memsgeometry (SVMemsGeometryx
p_memsgeometry

Unregisters the provideBVMemsGeometryp. 49) that no longer uses this instance. SVLevel
does not notify th&&VMemsGeometryp. 49) that it was unregistered.

Parameters:
p_-memsgeometry The SVMemsGeometryp. 49) to be unregistered.

Return values:
DD_SUCCESSIf the p.memsgeometry was unregistered.

DD_ERRORPRIMITIVE _.NOT_FOUND If the SVMemsGeometryp. 49) is not using this
instance of SVLevel.
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3.5

SVMemsGeometry Class Reference

This class is used to store all of the SVLevels that make up MBlRart.

#incl ude <SVMemsCeonetry. hpp>

Public Member Functions

SVMemsGeometry(DDBoundingBox &rboundingbox, unsigned long id=0xffffffff)
~SVMemsGeometry()

void push_front (SVLevel «&rp_level)

void push_back (SVLevel x&rp_level)

void pop_front ()

void pop_back ()

std::list< SVLevel x >:iteratorinsert (std::liskc SVLevel = >:iterator pos,SVLevel
x&rp_level)

std::listc SVLevel x >::iteratorerase(std::list< SVLevel x >::iterator pos)

void remove (SVLevel xp_level)

void clear ()

DD_RESULTgetID (unsigned long &tid)

DDBoundingBoxget bounding_box ()

void setbounding_box (DDBoundingBox &rboundingbox)

void settolerance (double tolerance)

doubleget tolerance()

doubleget height ()

Static Public Member Functions

DD_RESULT getmemsgeometry (unsigned long &fid, SVMemsGeometry x&rp _-
memsgeometry)

DD_RESULT getinstancemap (DDHashMap< unsigned longSVMemsGeometryx >
&r_memsgeometrymap)

int get.iinstance map_size()
void delete all _instances()
unsigned longyet ID _generator ()

Public Attributes

std::list DDSurfacex > mSurfaceList
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Protected Attributes

* unsigned longniD

Static Protected Attributes

 unsigned longnsIDGenerator

3.5.1 Detailed Description
This class is used to store all of the SVLevels that make up MBlRart.

Author:
Corey McBride

Date:
05/15/03

This class is derived from std::list so it has all of the fumeality of a std::list. The order of
the SVLevels in the SVMemsGeometry is important. The f88Level(p. 44) is the top of the
geometry while the lassVLevel(p. 44) is the bottom of the geometry.

A sub set of std:list functions have been overloaded to matwmally maintain the link
from SVLevel(p.44) to SVMemsGeometry. These function deal with addind eemoving
SVLevel(p. 44) from the SVMemsGeometry. If these overloaded fumstiare used the link will
be maintained automatically. Otherwise it is the develspesponsiblity to maintain the link. All
of the other functions and iterators for std:list work asiglesd. This was done so that it would
not be necessary to create a complete set of interface dmsdib the list class.

3.5.2 Constructor & Destructor Documentation

3.5.2.1 SVMemsGeometry::SVMemsGeometry (DDBoundingBo& r_bounding.box,
unsigned longid = 0xffffffff)

Constructor.

Parameters:
id If id is Oxffffffff then the instance will be given a unique 1D bakepon the order of creation
of the instance. The SVMemsGeometry will also be added tdishef all SVMems-
Geometry. Ifid is O then the SVMemsGeometry will not be added to the stattooli
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all SVMemsGeometrys and will not be given a unique id. Ingtée instance will have
an id of 0. Ifid is between 0 and Oxffffffff then the instance will be assidrtee IDid.
However, the IDs must be assigned in assending order or tistraator will assert.

r_bounding box The bounding box of the future geometry.

3.5.2.2 SVMemsGeometryxSVMemsGeometry ()

Destructor. Removes the SVMemsGeometry from the list dB¥MemsGeometrys.

3.5.3 Member Function Documentation
3.5.3.1 void SVMemsGeometry::clear ()

Remove all of the SVLevels from the SVMemsGeometry. Thishoétalso unregisters the
SVMemsGeometry with the SVLevels.

3.5.3.2 void SVMemsGeometry::deletall_instances () [ stati c]

This function deletes all instance of the class. This fusrchould only be used to clean up
memory at the end of a program.

3.5.3.3 std::liskSVLevek>::iterator SVMemsGeometry:.erase (std::list< SVLevel x
>:iterator po9

Erases theSVLevel(p. 44) represented by the iteratpos from the SVMemsGeometry. This
method also unregisters the SVMemsGeometry witrSfieevel(p. 44).

Parameters:
pos The iterator for theSVLevel(p. 44) to remove.

Returns:
The iterator to th&SVLevel(p. 44) immediately following the one removed.

3.5.3.4 DDBoundingBox SVMemsGeometry::gebounding_box ()

Returns the DDBoundingBox for the geometry. This methodsdealculate the bounding box
of the geometry.
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Return values:
The DDBoundingBox of the geometry.

3.5.3.5 double SVMemsGeometry::geheight ()

Gets the height of the geometry. The height is calculated diging the height of each
SVLevel(p. 44) in the geometry.

Returns:
The height of the geometry.

3.5.3.6 DDRESULT SVMemsGeometry::getID (unsigned long & r_id)
Get the id of the instance.

Parameters:
r_id The variable where the id is returned.

3.5.3.7 unsigned long SVMemsGeometry::gdD _generator () [static]

This method returns the ID of the last SVMemsGeometry cceadenew instance that is created
and assigned an id manually should be assigned an id thaasegithat the returned value.

3.5.3.8 DDRESULT SVMemsGeometry::getinstance map (DDHashMap< unsigned
long, SVMemsGeometryx > & r_-memsgeometrymap) [static]

Get a map containing pointers to all of the instances of taescindexed by instance id. See the
description of the constructor for more information on whiastances are saved in the instance
map.

Parameters:
r_.memsgeometrymap The map where the pointers are returned.

3.5.3.9 int SVMemsGeometry:.getinstancemap_size () [static]

Returns the number of instances of the class. See the diescrgd the constructor for more
information on which instances are saved in the instance map
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3.5.3.10 DDRESULT SVMemsGeometry::getmemsgeometry (unsigned long &r_id,
SVMemsGeometryx& rp_memsgeometry [static]

Get the SVMemsGeometry with theidd.

Parameters:
r_id The id of the SVMemsGeometry to get.

rp_memsgeometry The variable where the SVMemsGeometry is to be returned.

Return values:
DD_SUCCESSIf the SVMemsGeometry was found.

DD_ERRORPRIMITIVE .NOT_FOUND If a SVMemsGeometry was not found with the id
rid.

3.5.3.11 double SVMemsGeometry::getolerance ()

Returns the tolerance used for the geometry.

3.5.3.12 std::liskSVLevek>::iterator SVMemsGeometry::insert (std::list < SVLevel x
>:iterator pos SVLevelx& rp_level

Inserts theSVLevel(p. 44) before the position indicated Ipps This method also registers the
SVMemsGeometry with th8VLevel(p. 44). TheSVLevel(p. 44) is not inserted if it is being used
by another instance of SVMemsGeometry.

Parameters:
pos The SVMemsGeometry iterator for the position to insert$hvevel(p. 44) before.

rp_level TheSVLevel(p. 44) to insert.

Returns:
The iterator to the position of tH&VLevel(p. 44) inserted.

3.5.3.13 void SVMemsGeometry::popack ()

Remove th&VLevel(p. 44) from the back of the SVMemsGeometry. This method asegisters
the SVMemsGeometry with th&VLevel(p. 44).
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3.5.3.14 void SVMemsGeometry::pogront ()

Remove th&VLevel(p. 44) from the front of the SVMemsGeometry. This method alsregisters
the SVMemsGeometry with th&VLevel(p. 44).

3.5.3.15 void SVMemsGeometry::pustback (SVLevel«& rp_leve)

Push aSVLevel(p. 44) to the back of the SVMemsGeometry. This means thabYiesvel(p. 44)
pushed will be the bottom of the geometry. This method algsters the SVMemsGeometry with
theSVLevelp. 44). This method doesn’t push tB¥Level(p. 44) if theSVLevel(p. 44) is already
being used by another SVMemsGeometry.

Parameters:

rp_level TheSVLevel(p. 44) to add to the SVMemsGeometry.

3.5.3.16 void SVMemsGeometry::pushront (SVLevel & rp_level)

Push aSVLevel(p. 44) to the front of the SVMemsGeometry. This means thaSWLevel(p. 44)
pushed will be the top of the geometry. This method also tegighe SVMemsGeometry with
theSVLevel(p. 44). This method doesn't push tB¥Level(p. 44) if theSVLevel(p. 44) is already
being used by another SYMemsGeometry.
Parameters:

rp_level TheSVLevel(p. 44) to add to the SVMemsGeometry.

3.5.3.17 void SVMemsGeometry::remove (SVLevel p_level

Removes theSVLevel(p. 44) from the SVMemsGeometry. This method also unregistiee
SVMemsGeometry with th8VLevel(p. 44).

Parameters:

p_level TheSVLevel(p. 44) to remove.

3.5.3.18 void SVMemsGeometry::sebounding_box (DDBoundingBox & r_bounding box)

Sets the DDBoundingBox for the geometry. This method daesitulate the bounding box of
the geometry.

Parameters:
r_bounding box The DDBoundingBox for the geometry.
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3.5.3.19 void SVMemsGeometry::setolerance (doubletolerance

Sets the tolerance for the geometry.

Parameters:
tolerance The tolerance used for the geometry.

3.5.4 Member Data Documentation
3.5.4.1 unsigned long SVMemsGeometry::mID[ pr ot ect ed]

A unigue identifier for each mems geometry.

3.5.4.2 unsigned long SVMemsGeometry::msIDGenerator stati c, protected]

A static variable that is indexed with the creation of eactance of a.

3.5.4.3 std::liskkDDSurfacex> SVMemsGeometry::mSurfaceList

A list of DDSurfaces that make up the 2d geometry of the 2 12M&msGeometry. The DDSur-
faces need to be interconnected and tile the bounding bdxeajeéometry. This member variable
is public on purpose.
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3.6 SVCompositeMask Class Reference

This class is used to store the DDSurfaces that define theejepof a 2d mask set.
#i ncl ude <SVConposi t eMask. hpp>

Inheritance diagram for SVCompositeMask::

| SVProcessStep |

T

| SVCompositeMasl|<

Public Member Functions

» SVCompositeMask(std::string &rname)

» SVCompositeMask(SVProcessStepDat&r _parsestepdata)

» SVCompositeMask(SVCompositeMask&r _compositemask)
 DD_RESULT setfield (SVFieldType field)

» SVFieldType getfield ()

* std::stringgetname()

» ~SVCompositeMask()

* DD_RESULT print _information ()

» SVProcessStep get parent_processstep()

» DD_RESULT set parent_processstep (SVProcessStepp_parentprocessstep)

3.6.1 Detailed Description

This class is used to store the DDSurfaces that define thegjepof a 2d mask set.

Author:
Corey McBride

Date:
05/15/03

The DDSurfaces stored in this class are the result of ungpalirof the DDSurfaces together from
one layer of the 2d mask set. The DDSurfaces are also thé EXIORing two layers of the 2d
mask set together.

The class is derived from std::lisDDSurface>. Thus this class has all the functionality of a
std::list. The order of the DDSurfaces in the list in not inpat.
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3.6.2 Constructor & Destructor Documentation

3.6.2.1 SVCompositeMask::SVCompositeMask (std::string r_name

Constructor.

Parameters:
r_name The name of the mask.

3.6.2.2 SVCompositeMask::SVCompositeMask (SVProces&piData & r_parsestepdata)

Constructor.

Parameters:
r_parsestepdata The instance o6VProcessStepDat@. 85) that contains the information
necessary to initialize the instance.

3.6.2.3 SVCompositeMask::SVCompositeMask (SVComposiask & r_compositemask)

Copy Constructor.

Parameters:
r_compositemask An instance of SVCompositeMask to copy.

3.6.2.4 SVCompositeMaskzSVCompositeMask ()

Destructor.

Deletes all instances of DDSurface that are contained imtsk.

3.6.3 Member Function Documentation

3.6.3.1 SVFieldType SVCompositeMask::getield ()

Returns the field of the mask.
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3.6.3.2 std::string SVCompositeMask::getname ()

Returns the name of the mask.

Reimplemented fron®VProcessSteffp. 63).

3.6.3.3 SVProcessStepSVCompositeMask::getparent_processstep ()

Returns theSVProcessStefp. 61) that uses this instance of SVCompositeMask.

3.6.3.4 DDRESULT SVCompositeMask::print_information () [virtual]

Prints the information for this class to std::cout. Thismsowerloaded function fro8VProcess-
Step(p. 61).

Reimplemented fron®VProcessSteffp. 63).
3.6.3.5 DDRESULT SVCompositeMask::setfield (SVFieldType field)
Sets the field of the mask.

Parameters:
field The SVFieldType object that contains the field for this mask.

3.6.3.6 DDRESULT SVCompositeMask::setparent_processstep (SVProcessStep
p_parentprocessstep

Sets the SVProcess that uses this instance of SVComposikeMa
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3.7 SVMGTChunkCluster Class Reference

This class represents a group of DDSurfaces that are imeected.

#incl ude <SVMbdi fyGeonetryTool . hpp>

3.7.1 Detailed Description

This class represents a group of DDSurfaces that are imeected.

Author:
Corey McBride

Date:
06/02/03

Interconnected DDSurfaces share instances of DDEdge clEss is derived from a std::list. Thus
this class has all of the functionality of a std::list.
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Chapter 4

SUMMIT V Process Step Classes

This chapter describes the interfaces for the process kepes. Each section contains a general
description of a class and a list of its interface methodsegcdption of each interface method is
then provided.

4.1 SVProcessStep Class Reference

SVProcessStep is the base class from which all processateperived.
#incl ude <SVProcessStep. hpp>

Inheritance diagram for SVProcessStep::

SVProcessStep

[ [ [ [ [ 1
SVCompositeMask ] [SVCunfDrmalDepusitiorH SVDryEtch ] l SVPIanarDeposnion] l SVReleaseEtch ] l SVWetEtch

Public Member Functions

» SVProcessStefSVProcessStepDat&r _parsestepdata)

» SVProcessSte)

» ~SVProcessStep)

* virtual DD_RESULT execute(SVMemsGeometry&r_memsgeometry)
* void setname (std::string &rname)

* void setprocesstype (SVProcessType&r _type)

* unsigned longyetorder ()

* std::stringgetname()

» SVProcessType geprocesstype ()

* virtual DD_RESULT print _information ()
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4.1.1 Detailed Description

SVProcessStep is the base class from which all processateperived.

Author:
Corey McBride

Date:
01/10/03

4.1.2 Constructor & Destructor Documentation

4.1.2.1 SVProcessStep::SVProcessStep (SVProcessStdpl3ar_parsestepdata)

Constructor.

Parameters:

r_parsestepdata The SVProcessStepDatg. 85) that contains the information necessary to
initialize the SVProcessStep.

4.1.2.2 SVProcessStep::SVProcessStep ()

Constructor.

4.1.2.3 SVProcessStep:SVProcessStep ()

Destructor.

4.1.3 Member Function Documentation

4.1.3.1 virtual DD_RESULT SVProcessStep::execute (SVMemsGeometry &
r_.memsgeometry [inline, virtual]

The main routine to perform the process step or8filemsGeometryp. 49). Each class derived
from this base class defines this routine.

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to apply the process step to.
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Reimplemented irBVConformalDeposition (p. 72), SVDryEtch (p.77), SVPlanarDeposition
(p. 66),SVPIlanarEtch (p. 69),SVReleaseEtcHp. 83), andSVWetEtch (p. 80).

4.1.3.2 std::string SVProcessStep::gehame ()

Returns the name of the SVProcessStep.

Returns:
The name of the SVProcessStep.

Reimplemented ii5VCompositeMask(p. 58).

4.1.3.3 unsigned long SVProcessStep::getder ()

Returns the order of the SVProcessStep.

Returns:
The order of the SVProcessStep.

4.1.3.4 SVProcessType SVProcessStep::gabcesstype ()

Returns the type of the SVProcessStep.

Returns:
The type of the SVProcessStep.

4.1.3.5 Vvirtual DD_RESULT SVProcessStep::printinformation () [virtual ]

Prints out the information for the SVProcessStep to stdt.co

Reimplemented irSVCompositeMask (p. 58), SVConformalDeposition (p. 73), SVDryEtch
(p. 77),SVPlanarDeposition(p. 66),SVPlanarEtch (p. 69), andSVWetEtch (p. 81).

4.1.3.6 void SVProcessStep::setame (std::string & r_.name

Sets the name of the SVProcessStep.

Parameters:
r_-name The name of the SVProcessStep.
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4.1.3.7 void SVProcessStep::sgirocesstype (SVProcessType & _type

Sets the SVProcessStep’s type.

Parameters:
r_type The SVProcessType for the SVProcessStep.
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4.2 SVPlanarDeposition Class Reference

This class defines the planar deposition process.
#i ncl ude <SVPI anar Deposition. hpp>

Inheritance diagram for SVPlanarDeposition::

SVProcessStep

SVPlanarDeposition

Public Member Functions

» SVPIlanarDeposition()

» SVPlanarDeposition(SVProcessStepDat&r _parsestepdata)
* void setdeposition.material (SVMaterial xp_material)

* void setvoid_material (SVMaterial «xp_material)

* void setdeposition thickness(double depositionthickness)

* DD_RESULT print _information ()

» DD_RESULT execute(SVMemsGeometry&r _memsgeometry)

4.2.1 Detailed Description

This class defines the planar deposition process.

Author:
Corey McBride

Date:
05/29/03

The planar deposition process modifies 8dMemsGeometryp. 49) by depositing material to
fill in all reachable void chunks up to the deposition thicksieThe thickness of the deposition is
an absolute thickness from the bottom of 8B MemsGeometryp. 49). Thus any structure that
extends above this thickness is removed. Or in other wohdspverall height of th&VMems-
Geometry(p. 49) will be the specified deposition thickness of the ptadeposition process.
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4.2.2 Constructor & Destructor Documentation
4.2.2.1 SVPlanarDeposition::SVPlanarDeposition ()

Constructor The deposition material, deposition thickrea®sd void material must be specified for
deposition to work properly.

4.2.2.2 SVPlanarDeposition::SVPlanarDeposition (SVPmessStepData &
r_parsestepdata)

Constructor.

Parameters:
r_parsestepdata The instance oEVProcessStepDatg. 85) that contains the information
to initialize this instance.

4.2.3 Member Function Documentation

4.2.3.1 DDRESULT SVPlanarDeposition::execute (SVMemsGeometry &
r_.memsgeometry [virtual]

Performs a planar deposition on the provid@éMemsGeometryp. 49).

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to perform the planar deposition on.

Return values:
DD_X_CRITICAL _ERROR If the routine had an error that it wasn't able to recover from

DD_X_NULL _POINTER If the void SVMaterial(p.38) or depositionrSVMaterial (p. 38)
were not set.
DD_SUCCESSIf the planar deposition was successfull.

Reimplemented fron$VProcessStefp. 62).

4.2.3.2 DDRESULT SVPlanarDeposition::print _information () [virtual ]

Prints the information about this process step. This is arloaded function fron8VProcess-
Step(p. 61).

Reimplemented fror®VProcessStefp. 63).
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4.2.3.3 void SVPlanarDeposition::setleposition material (SVMaterial * p_material)
Sets the deposition material.

Parameters:
p_material The SVMaterial (p. 38) used to fill in the reachable void chunks

4.2.3.4 void SVPlanarDeposition::setleposition thickness (doubledepositionthicknesg

Sets the deposition thickness.

Parameters:
depositionthickness The thickness of the deposition.

4.2.3.5 void SVPlanarDeposition::sevoid_material (SVMaterial * p_material)

Sets the instance &VMaterial (p. 38) that is the void material.

Parameters:
p_material The SVMaterial (p. 38) that is considered as void material during the dejoosi
The chunks of thiSVMaterial (p. 38) are changed to the depositi®xMaterial (p. 38)
by the process.
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4.3 SVPlanarEtch Class Reference

This class defines the planar etch process.
#incl ude <SVPI anarEtch. hpp>

Inheritance diagram for SVPIlanarEtch::

SVProcessStep

SVPlanarEtch

Public Member Functions

SVPlanarEtch ()

SVPlanarEtch (SVProcessStepDat&r _parsestepdata)

void setvoid_material (SVMaterial xp_material)

void set etch_thickness(double etchthickness)

DD_RESULT print _information ()

DD_RESULT execute(SVMemsGeometry&r _memsgeometry)

4.3.1 Detailed Description

This class defines the planar etch process.

Author:
Corey McBride

Date:
05/29/03

The planar etch process modifies 8MemsGeometryp. 49) by removing all material above the
etch thickness. The thickness of the etch is an absolutertbss from the bottom of trHig&VMems-
Geometry(p.49). Thus any structure that extends above this thickieeemoved. Or in other
words, the overall height of thBVMemsGeometryp. 49) will be the specified etch thickness of
the planar deposition process.
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4.3.2 Constructor & Destructor Documentation
4.3.2.1 SVPlanarEtch::SVPlanarEtch ()

Constructor The deposition material, deposition thickrea®sd void material must be specified for
deposition to work properly.

4.3.2.2 SVPlanarEtch::SVPlanarEtch (SVProcessStepData r_parsestepdata)
Constructor.

Parameters:
r_parsestepdata The instance o6VProcessStepDat@. 85) that contains the information
to initialize this instance.

4.3.3 Member Function Documentation

4.3.3.1 DDRESULT SVPlanarEtch::execute (SVMemsGeometry & _memsgeometry
[virtual]

Performs a planar etch on the provid®dMemsGeometry(p. 49).

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to perform the planar deposition on.

Return values:
DD_X_CRITICAL _ERROR If the routine had an error that it wasn't able to recover from

DD_X_NULL _POINTER If the void SVMaterial (p. 38) was not set.
DD_SUCCESSIf the planar etch was successfull.

Reimplemented fronVProcessSteffp. 62).

4.3.3.2 DDRESULT SVPIlanarEtch::print _information () [virtual ]

Prints the information about this process step. This is arloaded function fron8VProcess-
Step(p. 61).

Reimplemented fror®VProcessStefp. 63).
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4.3.3.3 void SVPlanarEtch::setetch thickness (doubleetch thicknesg

Sets the deposition thickness.

Parameters:
etch.thickness The thickness of the etch.

4.3.3.4 void SVPlanarEtch::setvoid_material (SVMaterial * p_material)

Sets the instance &VMaterial (p. 38) that is the void material.

Parameters:
p_material The SVMaterial (p. 38) that is considered as void material during the dejoosi
The chunks of thiSVMaterial (p. 38) are changed to the depositi®xMaterial (p. 38)
by the process.
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4.4 SVConformalDeposition Class Reference

This class defines a conformal deposition process. Confateposition modifies &VMems-
Geometry(p. 49) by offsetting the exposed surfaces with new matbyidhe deposition thickness.
Exposed surfaces are those surfaces that are reachabléhiedop most level by passing through
the "void” chunks. Because the domain is 2 1/2d the depuasitidhe X-Y plane is a rolling ball
offset. The deposition in the Z direction is a straight affse

#i ncl ude <SVConf or mal Deposition. hpp>

Inheritance diagram for SVConformalDeposition::

| SVProcessStep |

T

| SVConformaIDepositiori\

Public Member Functions

» SVConformalDeposition()

» SVConformalDeposition(SVProcessStepDat&r _parsestepdata)

* void setdepositionmaterial (SVMaterial xp_material)

* void setvoid_material (SVMaterial «xp_material)

* void set.deposition thickness(double depositiorthickness)

* void seteggfactor (double topeggx, double topeggy, double bottomeggx, double bot-

tom.eggy)
* DD_RESULT execute(SVMemsGeometry&r _memsgeometry)

* DD_RESULT print _information ()

4.4.1 Detailed Description

This class defines a conformal deposition process. Confaeosition modifies &VMems-
Geometry(p. 49) by offsetting the exposed surfaces with new matbyidhe deposition thickness.
Exposed surfaces are those surfaces that are reachabléhi#dop most level by passing through
the "void” chunks. Because the domain is 2 1/2d the depuwsitidhe X-Y plane is a rolling ball
offset. The deposition in the Z direction is a straight affse

Author:
Corey McBride
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Date:
05/29/03

4.4.2 Constructor & Destructor Documentation
4.4.2.1 SVConformalDeposition::SVConformalDepositior()

Constructor If this constructor is used the deposition mtesoid material and deposition thick-
ness must be set for the process to work properly.

4.4.2.2 SVConformalDeposition::SVConformalDeposition(SVProcessStepData &
r_parsestepdata

Constructor.

Parameters:
r_parsestepdata The instance oEVProcessStepDatg. 85) that contains the information
to initialize this instance.

4.4.3 Member Function Documentation

4.4.3.1 DDRESULT SVConformalDeposition::execute (SVMemsGeometry
r_.memsgeometry [virtual]

Performs a conformal deposition on the provid@dviemsGeometryp. 49).

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to perform the conformal deposition on.

Return values:
DD_X_CRITICAL _ERROR If the routine had an error that it wasn't able to recover from

DD_X_NULL _POINTER If the void SVMaterial (p. 38) or depositionrSVMaterial (p. 38)
were not set.

DD_SUCCESSIf the conformal deposition was successful.

Reimplemented fron$VProcessStefp. 62).
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4.4.3.2 DDRESULT SVConformalDeposition::print _information () [virtual]

Prints the information about this process step. This is arloaded function fron8VProcess-
Step(p. 61).

Reimplemented fronVProcessStefp. 63).

4.4.3.3 void SVConformalDeposition::sedeposition material (SVMaterial « p_material)

Sets the instance &VMaterial (p. 38) that is the deposition material.

Parameters:
p_material The SVMaterial (p. 38) that is the deposition material.

4.4.3.4 void SVConformalDeposition::setdeposition thickness (double
depositionthicknesg

Sets the deposition thickness.

Parameters:
depositionthickness The distance that the exposed surfaces are offset.

4.4.3.5 void SVConformalDeposition::sekggfactor (double top_eggx, doubletop_eggy,
double bottomegg x, double bottomeggy)

Sets the egg factors.

Parameters:
top_.eggx The top egg x deposition factor.

top_eggy The top egg y deposition factor.
bottomeggx The bottom egg x deposition factor.
bottomeggy The bottom egg y deposition factor.

4.4.3.6 void SVConformalDeposition::setvoid_material (SVMaterial * p_material)

Sets the instance @&VMaterial (p. 38) that is the void material. The void material is used to
determine which surfaces are exposed.
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Parameters:
p_material The SVMaterial (p. 38) that is the void material.
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4.5 SVDryEtch Class Reference

This class defines a dry etch process. The dry etch procesfiesddeSVMemsGeometryp. 49)

by etching the SVChunks of the affect&¥Material (p. 38) based upon the geometry defined in
the suppliedsVCompositeMasKp. 56) object. The SVChunks are etched the etch depth ktraig
down from the topSVLevel(p.44). Thus, SVChunks of unaffect&VMaterial (p. 38) protect
SVChunks of affecte@VMaterial (p. 38) that lie below.

#i ncl ude <SVDryEtch. hpp>

Inheritance diagram for SVDryEtch::

SVProcessStep

SVDryEtch

Public Member Functions

» SVDryEtch (SVCompositeMasksxp_compositemask)

» SVDryEtch  (SVProcessStepData &r_parsestepdata, std::mag  std::string,
SVCompositeMasksx > &r_compositemasks)

» ~SVDryEtch ()

* DD_RESULT execute(SVMemsGeometry&r _memsgeometry)

* DD_RESULT setetch depth (double etchdepth)

 DD_RESULT setover_etch (double overetch)

 DD_RESULT setetch_type (SVEtchType etchtype)

» DD_RESULT setaffected materials (std::list SVMaterial « > &r_affectedmaterials)
* DD_RESULT setvoid_material (SVMaterial xp_void_material)

* boolis_affected material (SVMaterial xp_material)

* DD_RESULT print _information ()

4.5.1 Detailed Description

This class defines a dry etch process. The dry etch procesfesddeSVMemsGeometryp. 49)

by etching the SVChunks of the affect&¥Material (p. 38) based upon the geometry defined in
the suppliedsVCompositeMasKp. 56) object. The SVChunks are etched the etch depth Btraig
down from the topSVLevel(p. 44). Thus, SVChunks of unaffect&VMaterial (p. 38) protect
SVChunks of affecte@VMaterial (p. 38) that lie below.
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Author:
Corey McBride

Date:
05/29/03

4.5.2 Constructor & Destructor Documentation
4.5.2.1 SVDryEtch::SVDryEtch (SVCompositeMask« p_.compositemask

Constructor This constructor requires tB&CompositeMasKp.56) used in the etching. A
SVCompositeMasKp. 56) must be provided even if it is an empty one. The etchidemid
material and other parameters must be set for the etchingtio pvoperly.

Parameters:
p_compositemask The SVCompositeMasKp. 56) used in the etching.

4.5.2.2 SVDryEtch::SVDryEtch (SVProcessStepData & _parsestepdata std::map<
std::string, SVCompositeMaskx > & r_compositemasksg

Constructor.

This constructor requires thg8VCompositeMasKp. 56) used in the etching. SVComposite-
Mask(p. 56) must be provided even if it is an empty one. The etchijeid material and other
parameters are set by the instanc&wProcessStepDatg. 85).

Parameters:
r_parsestepdata The SVProcessStepDatg. 85) used to initialize the class.

r_.compositemasksA map of SVCompositeMasKp.56) objects that contains the
SVCompositeMasKp. 56) used in the etching. Each instance ¥ Composite-
Mask(p. 56) is indexed by mask name.

4.5.2.3 SVDryEtch:~SVDryEtch ()

Destructor

Deletes the&sVCompositeMasKp. 56) used by the instance.
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4.5.3 Member Function Documentation

45.3.1 DDRESULT SVDryEtch::execute (SVMemsGeometry &r_memsgeometry
[virtual]

This routine performs the dry etch on tB¥ MemsGeometryp. 49) provided.

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) that the dry etch is performed on.

Return values:
DD_X_CRITICAL _ERROR If the routine had an error that it wasn't able to recover from

DD_X_NULL POINTER If the void SVMaterial (p. 38) was not set or thBVComposite-
Mask(p. 56) was not set.

DD_FAILURE If no SVMaterials were set.
DD_SUCCESSIf the dry etch was successful.

Reimplemented fronVProcessSteffp. 62).

4.5.3.2 bool SVDryEtch::isaffected material (SVMaterial * p_material)

Determines if a material is one of the materials affectedieyetch. This is determined by checking
to see if theSVMaterial (p. 38) is in the instances affected material list.

Parameters:
p_material The SVMaterial (p. 38) to be checked.

Return values:
true If the SVMaterial (p. 38) is affected by the etch.

false If the SVMaterial (p. 38) is not affected by the etch.

4.5.3.3 DDRESULT SVDryEtch::print _information () [virtual]

Prints the information about this process step. This is arloaded function fron8VProcess-
Step(p. 61).

Reimplemented fror®VProcessStefp. 63).
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4.5.3.4 DDRESULT SVDryEtch::set_affected materials (std::list< SVMaterial * > &
r_affectedmaterialg

Sets the materials to be etched.

Parameters:
r _affectedmaterials The list of SVMaterial (p. 38) instances that are affected by the etch.

4.5.3.5 DDRESULT SVDryEtch::set_etch.depth (double etch.depth
Sets the etch depth.

Parameters:
etch.depth The depth of the etch.

4.5.3.6 DDRESULT SVDryEtch::set_etch. type (SVEtchTypeetch type
Sets the etch type.

Parameters:
etch.type The SVEtchType object that contains the etch type for thie@ss. The SVEtch-
Type and SVFieldType are used to determine if the DDSurfanethe provided
SVCompositeMasks represent areas to etch or to protectdtoning.

4.5.3.7 DDRESULT SVDryEtch::set_over_etch (doubleover.etch)

Sets the over etch factor.

Parameters:
overetch The over etch factor. The etatepth is multiplied by this value to determine the
overall etch depth.

4.5.3.8 DDRESULT SVDryEtch::set_void_material (SVMaterial * p_void_material)
Sets the instance &VMaterial (p. 38) that is the void material.

Parameters:
p_void_ material The SVMaterial (p. 38) that etched material is changed too.
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4.6 SVWetEtch Class Reference

This class defines a wet etch process.
#i ncl ude <SVWet Et ch. hpp>

Inheritance diagram for SVWetEtch::

SVProcessStep

SVWetEtch

Public Member Functions

* SVWetEtch ()

» SVWetEtch (SVProcessStepDat&r _parsestepdata)

* DD_RESULT execute(SVMemsGeometry&r _memsgeometry)

* DD_RESULT setetch depth (double etchdepth)

» DD_RESULT setaffected materials (std::list SVMaterial « > &r_affectedmaterials)
* DD_RESULT setvoid_material (SVMaterial xp_void_material)

* boolis_affected material (SVMaterial xp_material)

* DD_RESULT print _information ()

4.6.1 Detailed Description

This class defines a wet etch process.

Author:
Corey McBride

Date:
05/29/03

The wet etch process modifies tB¥MemsGeometryp. 49) by etching all reachable SVChunks
of the affected SVMaterials the specified depth. The etchsstt the face of each exposed
SVChunk(p. 37). Thus, a cantileveré8vVChunk(p. 37) of affected material will be etched the
specified depth on each exposed face. The etch is performedebiing a volume that repre-
sents the reachable void SVChunks expanded the etch depytSYAChunks of affected material
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within this volume are changed to the vdg¥Material (p. 38). This method can produce some
inaccuracies in the resultirigVMemsGeometryp. 49). Specifically, some SVChunks of affected
material that are not reachable may be etched if they arennetioh depth of void SVChunks that
are reachable. In testing actual occurances of these irsxes appeared to be rare.

4.6.2 Constructor & Destructor Documentation
4.6.2.1 SVWetEtch::SVWetEtch ()

Constructor The affected SVMaterials, v@&Material (p. 38) and etch depth need to be specified
for this process to work correctly.

4.6.2.2 SVWetEtch::SVWetEtch (SVProcessStepData & parsestepdata)
Constructor.

Parameters:
r_parsestepdata The instance oEVProcessStepDatg. 85) that contains the information
to initialize this instance.

4.6.3 Member Function Documentation

4.6.3.1 DDRESULT SVWetEtch::execute (SVMemsGeometry & memsgeometry
[virtual]

Performs a wet etch on the provid8¥MemsGeometryp. 49).

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to perform the wet etch on.

Return values:
DD_X_CRITICAL _ERROR If the routine had an error that it wasn’t able to recover from

DD_X_NULL _POINTER If the void SVMaterial (p. 38) was not set.
DD_FAILURE If the affected SVMaterials are not specified.
DD_SUCCESSIf the wet etch was successful.

Reimplemented fron$VProcessStefp. 62).
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4.6.3.2 bool SVWetEtch::isaffected material (SVMaterial * p_material)

Determines if &8VMaterial (p. 38) is one of the SVMaterials affected by the etch.

Parameters:
p_material The SVMaterial (p. 38) to be checked.

Return values:
true If the SVMaterial (p. 38) is affected by the etch.

false If the SVMaterial (p. 38) is not affected by the etch.

4.6.3.3 DDRESULT SVWetEtch::print _information () [virtual]

Prints the information about this process step. This is arloaded function fron8VProcess-
Step(p. 61).

Reimplemented fror®VProcessStefp. 63).

4.6.3.4 DDRESULT SVWetEtch::set affected materials (std::list< SVMaterial « > &
r_affectedmaterialg

Sets the SVMaterials to be etched.

Parameters:
r _affectedmaterials The list of SVMaterial (p. 38) instances that are affected by the etch.

4.6.3.5 DDRESULT SVWetEtch::set_etch.depth (doubleetch.depth

Sets the etch depth.
Parameters:

etch.depth The depth to perform the etch.

4.6.3.6 DDRESULT SVWetEtch::set.void_material (SVMaterial * p_void_material)

Sets the instance &VMaterial (p. 38) that is the void material.

Parameters:
p_void_.material The SVMaterial(p.38) that the SVChunks of the affectesVMate-
rial (p. 38) are changed to.
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4.7 SVReleaseEtch Class Reference

This class defines a release etch process.
#incl ude <SVRel easeEt ch. hpp>

Inheritance diagram for SVReleaseEtch::

SVProcessStep

SVReleaseEtch

Public Member Functions

SVReleaseEtcK)
SVReleaseEtc{SVProcessStepDat&r _parsestepdata)
DD _RESULT set affected materials (std::list< SVMaterial « > &r_affectedmaterials)

boolis_affected material (SVMaterial xp_material)
DD_RESULT setvoid_material (SVMaterial «p_void_material)

DD_RESULT execute(SVMemsGeometry&r _memsgeometry)

4.7.1 Detailed Description

This class defines a release etch process.

Author:
Corey McBride

Date:
05/29/03

Release etch modifies t/MemsGeometryp. 49) by changing all reachable chunks of the spec-
ified SVMaterial (p. 38) to voidSVMaterial (p. 38)
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4.7.2 Constructor & Destructor Documentation
4.7.2.1 SVReleaseEtch::SVReleaseEtch ()

Constructor The affected SVMaterials and the \®&WMaterial (p. 38) need to be specified for this
process to work correctly.

4.7.2.2 SVReleaseEtch::SVReleaseEtch (SVProcessStefzD& r_parsestepdata)

Constructor.

Parameters:
r_parsestepdata The instance o6VProcessStepDat@. 85) that contains the information
to initialize this instance.

4.7.3 Member Function Documentation

4.7.3.1 DDRESULT SVReleaseEtch::execute (SVMemsGeometry & memsgeometry
[virtual]

This routine performs a release etch on 8\ @MemsGeometry(p. 49) provided.

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) that the release etch is performed on.

Return values:
DD_X_CRITICAL _ERROR If the routine had an error that it wasn't able to recover from

DD_X_NULL _POINTER If the void SVMaterial (p. 38) was not set.
DD_FAILURE If no affected SVMaterials were set.
DD_SUCCESSIf the release etch was successful.

Reimplemented fron$VProcessStefp. 62).

4.7.3.2 bool SVReleaseEtch::iaffected material (SVMaterial * p_material)

Determines if &8VMaterial (p. 38) is one of the SVMaterials affected by the etch.
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Parameters:
p_material The SVMaterial (p. 38) to be checked.

Return values:
true If the SVMaterial (p. 38) is affected by the etch.

false If the SVMaterial (p. 38) is not affected by the etch.

4.7.3.3 DDRESULT SVReleaseEtch::sefaffected materials (std::list< SVMaterial * > &
r_affectedmaterialg

Sets theéSVMaterial (p. 38) to be etched.

Parameters:
r_affectedmaterials The list of SVMaterial (p. 38) instances that are affected by the etch.
The chunks of these SVMaterials are changed to the Suillaterial (p. 38).

4.7.3.4 DDRESULT SVReleaseEtch::setvoid_material (SVMaterial * p_void_material)

Sets the instance &VMaterial (p. 38) that is the void material.

Parameters:

p_void_.material The SVMaterial(p.38) that the SVChunks of the affectesVMate-
rial (p. 38) are changed to.
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4.8 SVProcessStepData Class Reference

SVProcessStepData is used to store the information for eepsostep that is parsed from the
process definition file.

#i ncl ude <SVProcessSt ep. hpp>

Public Member Functions

» SVProcessStepDatd)

Public Attributes

* unsigned intmNumber

* std::stringmAcadName

* std::stringmName

* SVProcessType mType

» doublemThickness

« std::lisk std::string> mAffectedMaterials
* std::stringmColor

* std::stringmEdges

» SVEtchType mEtchType
» SVFieldType mFieldType
» doublemOverEtch

» doublemAngle

» doublemTopEggX

» doublemTopEggY

* doublemBottomEggX

» doublemBottomEggY

4.8.1 Detailed Description

SVProcessStepData is used to store the information for eepsostep that is parsed from the
process definition file.

Author:
Corey McBride

Date:
01/10/03
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4.8.2 Constructor & Destructor Documentation
4.8.2.1 SVProcessStepData::SVProcessStepData|() nl i ne]

Constructor.

4.8.3 Member Data Documentation
4.8.3.1 std::string SVProcessStepData::mAcadName

The AutoCAD layer name.

4.8.3.2 std::liskstd::string > SVProcessStepData::mAffectedMaterials

The materials affected by the process step.

4.8.3.3 double SVProcessStepData::mAngle

The Angle of the etch. Not used for 2 1/2d geometry.

4.8.3.4 double SVProcessStepData::mBottomEggX

The bottom egg x factor.

4.8.3.5 double SVProcessStepData::mBottomEggY

The bottom egg y factor.

4.8.3.6 std::string SVProcessStepData::mColor

The color assigned for the process step.

4.8.3.7 std::string SVProcessStepData::mEdges

The mask name that is used by the process step.
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4.8.3.8 SVEtchType SVProcessStepData::mEtchType

The type of etch.

4.8.3.9 SVFieldType SVProcessStepData::mFieldType

The field type of the etch.

4.8.3.10 std::string SVProcessStepData::mName

The process step name.

4.8.3.11 unsigned int SVProcessStepData::mNumber

The process step number.

4.8.3.12 double SVProcessStepData::mOverEtch

The over etch factor.

4.8.3.13 double SVProcessStepData::mThickness

The Thickness used my the process step.

4.8.3.14 double SVProcessStepData::mTopEggX

The top egg x factor.

4.8.3.15 double SVProcessStepData::mTopEggY

The top egg y factor.

4.8.3.16 SVProcessType SVProcessStepData::mType

The type of the process step.
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Chapter 5

Interface Routines

This chapter describes the major interface routines. Thémes are grouped in a namespace
according to functionality. Each section describes a npamsand gives a list of its routines. A
description of each routine is then provided.
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5.1 SVinterface Namespace Reference

This class namespace routines to interface with the SUMNEMLibrary.

Functions

* DD_RESULT savemems geometry to_file (std::string flenameSVMemsGeometryxp_-
memsgeometry)

* DD_RESULTrestore_memsgeometry_from file (std::string filename, std::listSVMems-
Geometry « > &r_memsgeometries)

* std::stringget.version ()

» void create processsteps (std::listk SVProcessStepDatax > &r_processstepsdata,
std::mapc std::string SVCompositeMasksx > &r_compositemasks, std::list SVProcess-
Step* > &r_processsteps)

* std::stringget processname.from _type (SVProcessTypdype)
* std::stringgetetch_type_name.from _type (SVEtchType type)
* std::stringget field_name from _field (SVFieldType field)

» void getlayer_.namesfrom _processsteps (std::list SVProcessStepDatax > &r_-
processstepsdata, std::list std::string> &r_usedlayers)

* void create materials (std::listc SVProcessStepData > &r_processstepsdata)

 DD_RESULT processmask file (std::string &rfilename, double tolerance, DDMask-
Definitions &r.maskdefinitions)

*» DD_RESULT processmask file (std::string &rfilename, double tolerance, std::kst
std::string> &r_layers, DDMaskDefinitions &maskdefinitions)

» DD_RESULT create compositemasks (std::lisikc SVProcessStepData x > &r_-
processstepsdata, double tolerance, DDMaskDefinitions_&raskdefinitions, std::mag
std::string SVCompositeMaskx > &r_compositemasks)

5.1.1 Detailed Description

This class namespace routines to interface with the SUMNEMLibrary.

Author:
Corey McBride

Date:
05/30/03
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5.1.2 Function Documentation

5.1.2.1 DDRESULT create_ compositemasks (std::list< SVProcessStepData > &
r_processstepsdata, doubletolerance DDMaskDefinitions & r_maskdefinitions
std::map< std::string, SVCompositeMaskx* > & r_compositemasks

Creates the composite masks that are used in the process §tk{s routine create compoiste
masks by XORing the surfaces from one layer with the surfem® fanother layer. Which layers
to XOR together is determined by the individual processsstep

Parameters:
r_processstepsdata The list of SVProcessStepDatg. 85) that is used to determine how to
create the masks. Ea&VProcessStepDat@. 85) object represent one process step.

tolerance The tolerance used during the routine.

r_maskdefinitions The SVMaskDefinition object that contains the surfaces fmhelayer
indexed by layer name.

r_.compositemasks The map containing the resulting SVCompositeMasks. Each
SVCompositeMasKp. 56) is indexed by mask name.

5.1.2.2 void creatematerials (std::list< SVProcessStepData > & r_processstepsdata)

Creates the instances $%Material (p. 38) to represent each material used by the process steps.

Parameters:
r_processstepsdata The SVProcessStepDat@. 85) objects to create the materials from.

5.1.2.3 void createprocesssteps (std::list SVProcessStepData > & r_processstepsdata
std::map< std::string, SVCompositeMask* > & r_compositemasks std::list<
SVProcessStep > & r_processstep3

Creates a list 08VProcessStefp. 61) instances based upon a lisS)ProcessStepDatg. 85).

Parameters:
r_processstepsdata A list of SVProcessStepDat@. 85) objects used to create SVProcess-

Steps.

r_compositemasks A map of SVCompositeMasks used in the process steps. The snap i
indexed bySVCompositeMasKp. 56) name.

r_processsteps The list of SVProcessStefp. 61) instances that were created by the routine.
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5.1.2.4 std::string getetch_type_name from _type (SVEtchTypetypég

Returns a std::string with the etch name based upon the &Vige.

Parameters:
type The SVEtchType to return the name of.

5.1.2.5 std::string getfield_name from _field (SVFieldType field)

Returns a std::string with the field name based upon the S¥Fipe.

Parameters:
field The SVFieldType to return the name of.

5.1.2.6 void getlayer_namesfrom _processsteps (std::listc SVProcessStepData > &
r_processstepsdata, std::list< std::string > & r_usedlayerg

Gets a list of std::strings that contain the names of eaddr laged in the process steps.

Parameters:
r_processstepsdata The list of SVProcessStepDat@. 85) objects to get the layer names
from.

r_usedlayers The list of std::strings that contains the names of the kyesed by the
SVProcessStepDatas.

5.1.2.7 std::string getprocessname.from _type (SVProcessTypdype

Returns a std::string with the process name based upon tRec8¥ssType.

Parameters:
type The SVProcessType to return the name of.

5.1.2.8 std::string getversion ()

Returns a string that contains the current library versiormation.
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5.1.2.9 DDRESULT processmask file (std::string & r_filename double tolerance
std::list< std::string > & r_layers DDMaskDefinitions & r_maskdefinitions)

Creates DDSurfaces based upon the polygons in a .mem maskH#geDDSurfaces are stored in
an instance of DDMaskDefinitions. The surfaces of each lageunioned(OR) together.

Parameters:
r_filename The filename for the .mem file.

tolerance The tolerance used during the routine.
r_layers The list of layers to extract from the .mem file.
r_maskdefinitions A DDMaskDefinitions object used to store the mask set.

5.1.2.10 DDRESULT processmaskfile (std::string & r_filename double tolerance
DDMaskDefinitions & r_maskdefinitions)

Creates DDSurfaces based upon the polygons in a .mem maskH#eDDSurfaces are stored in
an instance of DDMaskDefinitions. The surfaces of each lageunioned(OR) together.

Parameters:
r_filename The filename for the .mem file.

tolerance The tolerance used during the routine.
r_maskdefinitions A DDMaskDefinitions object used to store the mask set.

5.1.2.11 DDRESULT restore_.memsgeometry from file (std::string filename std::list<
SVMemsGeometryx > & r_memsgeometrie¥

Restores ASVMemsGeometryp. 49) from a file.

Parameters:
filename The file to read.

r_memsgeometriesThe list of where the restor&@vVMemsGeometryp. 49) pointers will be
returned.

Return values:
DD_X_FILE _IO_ERROR If there was an error opening the file.

DD_FAILURE If there was an error restoring the geometry.
DD_SUCCESSIf the restoring was successfull.
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5.1.2.12 DDRESULT savememsgeometry.to_file (std::string filename
SVMemsGeometryx p_-memsgeometry

Saves ASVMemsGeometryp. 49) to file.

Parameters:
flename The name of the file to create.

p-memsgeometry The SVMemsGeometry(p. 49) to save to file.
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5.2 SVSatFileWriter Namespace Reference

Interface for writing 2 1/2d MEMS Geometry as 3d sat files.

Functions

 DD_RESULT savechunk_to_file_sat format (std::string &rfilename, DDSurface &r
surface, double height, doublevalue)

 DD_RESULTsavememsgeometry.to_file_sat format (std::string &t filename SVMems-
Geometry & _memsgeometry)

* DD _RESULT export_sat file_by_material (std::string &rfilename, SVMemsGeometry
&r_memsgeometry)

» DD _RESULT export_satfiles by material (std::string &rrootfilename, SVMems-
Geometry & _memsgeometry)

* DD_RESULT export_sat files by _step (std::string &rrootfilename, SVMemsGeometry
&r_memsgeometry)

* DD _RESULT export_sat file_as one body (std::string &rfilename, SVMemsGeometry
&r_memsgeometry)

5.2.1 Detailed Description

Interface for writing 2 1/2d MEMS Geometry as 3d sat files.

Author:
Corey McBride

Date:

01/26/04

5.2.2 Function Documentation

5.2.2.1 DDRESULT export_sat file_as.onebody (std::string & r_filename
SVMemsGeometry & r_memsgeometry

Exports aSVMemsGeometryp. 49) to a SAT file. Exports all of the material as one mergadib

Parameters:
r_flename The name of the file to create.

r_.memsgeometry The SVMemsGeometry(p. 49) to export.
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5.2.2.2 DDRESULT export_sat file_by_material (std::string & r_filename
SVMemsGeometry &r_memsgeometry

Exports aSVMemsGeometryp.49) to a SAT file. All of the chunks in th&VMems-
Geometry(p. 49) of one material are exported as one body. All adjacenhks of the same
material at the same level are exported as one lump.

Parameters:
r_flename The name of the file to create.

r_.memsgeometry The SVMemsGeometry(p. 49) to export.

5.2.2.3 DDRESULT export_sat files by_material (std::string & r_root filename
SVMemsGeometry &r_memsgeometry

Exports aSVMemsGeometryp. 49) to a series of sat files All chunks of one material arpwiu
in a .sat file, one file per material An index file named is alsatzd.

Parameters:
r_flename The name of the file to create.

r_.memsgeometry The SVMemsGeometry(p. 49) to export.

5.2.2.4 DDRESULT export_sat files_by_step (std::string & r_root_filename
SVMemsGeometry &r_memsgeometry

Exports aSVMemsGeometryp. 49) to a series of sat files All chunks of one step are outpat
.sat file, one file per step An index file named is also created.

Parameters:
r_filename The name of the file to create.

r_.memsgeometry The SVMemsGeometry(p. 49) to export.

5.2.2.5 DDRESULT savechunk_to_file_sat format (std::string & r_filename DDSurface &
r_surface double height, double z value)

Exports a chunk to a SAT file. A chunk is a 3d geometry that iate@ by extruding a 2d DDSur-
face in the Z direction.

Parameters:
r_filename The name of the file to create.
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r_surface The DDSurface to export.
height The Z value of the top of the 3d geometry.
zvalue The distance to sweep the DDSurface in the negative Z directi

5.2.2.6 DDRESULT savememsgeometry.to_file_sat format (std::string & r_filename
SVMemsGeometry &r_memsgeometry

Exports aSVMemsGeometryp. 49) to a SAT file. Each individual chunk in tH&VMems-
Geometry(p. 49) is exported as a seperate body.

Parameters:
r_filename The name of the file to create.

r_.memsgeometry The SVMemsGeometry(p. 49) to export.
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5.3 SVParser Namespace Reference

This namespace contains the routines to parse the SUMMM pfecess definition file.

Functions

* DD_RESULT parse processdefinition file (std::string &rfilename, std::list SVProcess-
StepDatax > &r_processstepdata)

* DD_RESULT get path_parts (std::string &tfile, std::string &trpath, std::string &mame,
std::string &rextension)

» DD_RESULTopen.input file (std::string filename, std::ifstream &n file)

* DD_RESULT open.output_file (std::string filename, std::ifstream &ut file)

5.3.1 Detailed Description

This namespace contains the routines to parse the SUMMM pfecess definition file.

Author:
Corey McBride

Date:
06/22/03

5.3.2 Function Documentation

5.3.2.1 DDRESULT get path_parts (std::string & r_file, std::string & r_path, std::string &
r_name std::string & r_extensior)

Separates a fully qualified file name into its parts.

Parameters:
r_file The std::string that contains the fully qualified file name.

r_path The std::string where the path is returned.
r_name The std::string where the file name is returned.
r_extension The std::static where the file extension is returned.

Return values:
DD_FAILURE If the file name was empty.

DD_SUCCESSIf the routine was successfull.
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5.3.2.2 DDRESULT open.input _file (std::string filename std::ifstream & r_in_file)

Opens a file for reading.

Parameters:
filename The name of the file to open.

r_in_file The variable where the open file is returned.

Return values:
DD_X_FILE _IO_ERROR If there was an error opening the file.

DD_SUCCESSIf the routine was successfull.

5.3.2.3 DDRESULT open.output_file (std::string filename std::ifstream & r_out file)

Opens a file for writing.

Parameters:
filename The name of the file to open.

r_out file The variable where the open file is returned.

Return values:
DD_X_FILE _IO_ERROR If there was an error opening the file.

DD_SUCCESSIf the routine was successfull.

5.3.2.4 DDRESULT parse_processdefinition _file (std::string & r_filename std::list<
SVProcessStepData > & r_processstepdata)

Parses the SUMMITView process definition file. The data fromgrocess definition file is stored
in alist of SVProcessStepDatg. 85) objects. There is one instanc&dProcessStepDat@. 85)
for each process step.

Parameters:
r_flename The name of the process definition file.

r_processstepdata The list where the neBVProcessStepDatg. 85) objects are returned.

Return values:
DD_X_FILE _IO_ERROR If there was an error opening the process definition file.

DD_FAILURE If an error unrecognized command was encountered in the file.
DD_SUCCESSIf the routine was successfull.
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5.4 SVModifyGeometryTool Namespace Reference

This namespace contains general utiliy routines to modfZBunks, SVLevels and SVMems-
Geometrys.

Functions

» DD_RESULT reverse compositemask (SVCompositeMask&r_compositemask, double
tolerance, DDBoundingBox &boundingbox)

* void split_level (SVLevel &r_level, double topz_value, double bottonz_value, SVLevel
x&rp_level)

* void remove chunks (DDSurface«p_surface SVMemsGeometry&r_memsgeometry)

« DD_RESULT split_chunks (DDSurface xp_surface, SVMemsGeometry &r_mems-
geometry, std::list DDSurfacex > &r _surfacelist)

« DD_RESULT add_chunks (DDSurface xp_surface, SVMemsGeometry &r_mems-
geometry, std::list DDSurfacex > &r_surfacelist)

e DD_RESULT add.level (SVMemsGeometry &r_memsgeometry, SVMems-
Geometry::iterator &pos, double zalue,SVMaterial xp_material,SVLevel x&rp_level)

« DD_RESULT find_all_reachable chunk_clusters (SVMemsGeometry &r_mems-
geometry, SVMemsGeometry::iterator d&aveliterator, std::lisk SVMaterial * >
&r _affectedmaterials, DDHashMagp int, std::liskk SVMGTChunkCluster * > x >
&r _reachablechunks)

DD _RESULT find_merge chunks (SVMemsGeometry & _memsgeometry, std::list
SVMGTChunkCluster x > &r _clusterlist)

 DD_RESULT find_merge.chunks (SVLevel &r_level, SVMemsGeometry & _mems-
geometry, DDHashMayp int, std::liskk DDSurfacex > % > &r_surfaceneighbormap,
std::listc SVMGTChunkCluster x > &r _clusterlist)

 DD_RESULT merge. levels(SVMemsGeometry&r_memsgeometry)
 DD_RESULT merge adjacent chunks (SVMemsGeometry&r_memsgeometry)

+ void remove.all_void_levelsfrom _top (SVMemsGeometry&r _memsgeometrySVMate-
rial xp_void_material)

5.4.1 Detailed Description

This namespace contains general utiliy routines to modWfZBunks, SVLevels and SVMems-
Geometrys.

Author:
Corey McBride
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Date:
06/02/03

5.4.2 Function Documentation

5.4.2.1 DDRESULT add_chunks (DDSurfacex p_surface SVMemsGeometry &
r_-memsgeometry std::list< DDSurface x > & r_surfacelist)

Adds new SVChunks to th8VMemsGeometry(p. 49). The new SVChunks are created to have
the sameé&VMaterial (p. 38) at eaclsVLevel(p. 44) as the SVChunks for the DDSurface provided.

Parameters:
p_surface The DDSurface for the SVChunks to copy tB&Material (p. 38) from.

r_memsgeometry The SVMemsGeometryp. 49) to add the SVChunks to.
r_surfacelist The DDSurfaces to add new SVChunks for.

Return values:
DD_X_CRITICAL _ERROR If the routine experienced a critical error.

DD_SUCCESSIf the routine was a success.

5.4.2.2 DDRESULT add_level (SVMemsGeometry &r_memsgeometry
SVMemsGeometry::iterator & r_pos double z value, SVMaterial * p_material,
SVLevel & rp_leve)

Adds a newSVLevel(p. 44) to theSVMemsGeometryp. 49). The newsVLevel(p. 44) will has
SVChunks for each DDSurface of tis8/MemsGeometry(p. 49). The new SVChunks will be of
the SVMaterial (p. 38) provided.

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to add the neBVLevel(p. 44) too.

r_pos The SVMemsGeometryp. 49) iterator to add the ne8VLevel(p. 44) before.
z value The z value for the neBVLevel(p. 44).

p_material The SVMaterial (p. 38) for the SVChunks of the ne8VLevelp. 44).
rp_level The variable where the ne8VLevel(p. 44) will be returned.

Return values:
DD_X_NULL POINTER If the p.material pointer is NULL;

DD_SUCCESSIf the routine was successfull.
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5.4.2.3 DDRESULT find _all_reachable chunk_clusters (SVMemsGeometry &
r_.memsgeometry SVMemsGeometry::iterator & r_leveliterator, std::list<
SVMaterial « > & r_affectedmaterials DDHashMap< int, std::list <
SVMGTChunkCluster % > % > & r_reachablechunks)

Finds all SVChunks of affectedVMaterial(p.38) that are reachable from the provided
SVLevel(p. 44) of theSVMemsGeometryp.49). SVChunks are considered reachable if they
are of they affected SVMaterials and a path can be traced fhe8VChunk(p. 37) to the pro-
vided SVLevel(p. 44). The path can only pass through SVChunks of affeciédeerials. The
reachable SVChunks are grouped as adjacent SVChunks GUBGTChunkCluster (p. 59).
TheSVMGTChunkCluster (p. 59) are returned indexed by tB&Level(p. 44) where they reside.
Thus eact8VMGTChunkCluster (p. 59) is only spans ongVLevel(p. 44).

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to find the reachable SVChunks from.

r_leveliterator The SVLevel(p. 44) to start checking for reachable SVChunks. SVChunks
above thisSVLevel(p. 44) are not considered.

r _affectedmaterials The SVMaterials that are considered affecBfMaterial (p. 38).

r_reachablechunks The DDHashMap that contains pointers to the reachable SWkhu
grouped bySVMGTChunkCluster (p. 59) and indexed b§VLevel(p. 44).

Return values:
DD_FAILURE If no affectedSVMaterial (p. 38) were provided. Or if th&VLevel(p. 44)
iterator is not valid.

DD_SUCCESSIf the routine was successfull.

5.4.2.4 DDRESULT find _merge chunks (SVLevel & r_level SVYMemsGeometry
& r_-memsgeometry DDHashMap< int, std::list < DDSurface x > * > &
r_surface neighbormap, std::list< SVMGTChunkCluster « > & r_clusterlist)

Finds all mergeable SVChunks inSd/Level(p. 44). Mergeable SVChunks are those SVChunks
that come from adjacent DDSurfaces and are of the same @lat€he mergable SVChunks are
returned as groups of adjacent SVChunks called SVMGTChlust€s. The SVMGTChunk-
Clusters only span orf&VLevel(p. 44) of theSVMemsGeometryp. 49).

Parameters:
r_level TheSVLevel(p. 44) to find the mergeable SVChunks on.

r_memsgeometry The SVMemsGeometryp. 49) where th&VLevel(p. 44) resides.

r_surfaceneighbormap A map containing the list of neighboring DDSurfaces indekgd
DDSurface. This map may start empty and will be filled in by tbetine. Or the map
may contain information from a previous execution of thigtnoe.
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r_cluster.list The list where the SVMGTChunkClusters that contain the @igieySVChunks
are returned.

Return values:
DD_X_CRITICAL _ERROR If the routine experienced a critical error.

DD_SUCCESSIf the routine was a success.

5.4.2.5 DDRESULT find _merge chunks (SVMemsGeometry &r_memsgeometry
std::list< SVMGTChunkCluster * > & r_cluster list)

Finds all mergeable SVChunks inS¥MemsGeometryp. 49). Mergeable SVChunks are those
SVChunks that come from adjacent DDSurfaces and are of time saaterial. The mergable
SVChunks are returned as groups of adjacent SVChunks c@8NMGTChunkClusters. The
SVMGTChunkClusters only span osd/Level(p. 44) of theSVMemsGeometryp. 49).

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to find all mergabl&VChunk(p. 37) in.

r_clusterlist The list where the SVMGTChunkClusters that contain the miglegSVChunks
are returned.

Return values:
DD_X_CRITICAL _ERROR If the routine experienced a critical error.

DD_SUCCESSIf the routine was a success.

5.4.2.6 DDRESULT merge adjacent.chunks (SVMemsGeometry &r_memsgeometry

Merges adjacent SVChunks. DDSurfaces and their correspgr&v/Chunks are merged if the
DDSurfaces are adjacent to each other and if their SVChuake the same material are each
SVLevel(p. 44) in theSVMemsGeometryp. 49).

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to merge the SVChunks in.

Return values:
DD_X_CRITICAL _ERROR If the routine experienced a critical error.

DD_SUCCESSIf the routine was a success.
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5.4.2.7 DDRESULT merge levels (SVMemsGeometry & _memsgeometry

Merges SVLeves that are adjacent in B éMemsGeometryp. 49) and have SVChunks of the
sameSVMaterial (p. 38) for each DDSurface.

Parameters:
r_.memsgeometry The SVMemsGeometryp. 49) to merge the SVLevels in.

Return values:
DD_X_CRITICAL _ERROR If the routine experienced a critical error.

DD_SUCCESSIf the routine was a success.

5.4.2.8 void removeall void_levelsfrom _top (SVMemsGeometry &r_memsgeometry
SVMaterial * p_void_material)

Removes all void SVLevels from the top ofS¥MemsGeometryp.49). ASVLevel(p.44) is
considered void if all of the SVChunks in ti&/Levelp. 44) are of the voi&VMaterial (p. 38).
The top mosSVLevel(p. 44) is considered first. Once a non v&8dLevelp. 44) is encountered
the routine returns.

Parameters:
r_memsgeometry The SVMemsGeometryp. 49) to remove void SVLevels from.

p_void_material The SVMaterial (p. 38) to consider as voi@VMaterial (p. 38).

5.4.2.9 void removechunks (DDSurfacex p_surface SVMemsGeometry &
r_memsgeometry

Removes all of the SVChunks fromSy/MemsGeometryp. 49) for a DDSurface.
Parameters:

p_surface The DDSurface for the SVChunks to remove.
r_memsgeometry The SVMemsGeometryp. 49) to remove the SVChunks from.

5.4.2.10 DDRESULT reverse.compositemask (SVCompositeMask &r_compositemask
double tolerance DDBoundingBox & r_bounding box)

Reverses &VCompositeMasKp. 56). TheSVCompositeMasKp. 56) is reversed by creating
DDSurfaces to cover the areas that are holes in the origiD&bfaces. The area that is originally
covered by DDSurfaces becomes holes in the new DDSurfaces.
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Parameters:
r_compositemask The SVCompositeMasKp. 56) to reverse.

tolerance The tolerance used during the routine.

r_bounding box The DDBoundingBox that defined the bounding box of the oagiDSur-
faces.

Return values:
DD_X_CRITICAL _ERROR If the routine experienced a critical error.

DD_SUCCESSIf the routine was a success.

5.4.2.11 DDRESULT split_chunks (DDSurfacex p_surface SVMemsGeometry &
r_memsgeometry std::list< DDSurface x > & r_surfacelist)

Splits all of the SVChunks in &8VMemsGeometryp.49) for a DDSurface. All of the
SVChunk(p. 37) for a DDSurface are removed and new SVChunks are atlitethe new
DDSurfaces. The newsVChunk(p.37) have the sam&VMaterial(p.38) as the original
SVChunk(p. 37). The new DDSurfaces must replace the original DDerfin theSVMems-
Geometry(p. 49). This means that the new DDSurfaces must be inteemted and tile the area
covered by the original DDSurface. In addition the new DD&tes must be interconnected with
the DDSurfaces that were neighbors of the original DDSexfac

Parameters:
p_surface The DDSurface for the SVChunks to split.

r_memsgeometry The SVMemsGeometryp. 49) to split the SVChunks in.
r_surfacelist The new DDSurfaces that replace the original DDSurface.

Return values:
DD_X_CRITICAL _ERROR If the routine experienced a critical error.

DD_SUCCESSIf the routine was a success.

5.4.2.12 void splitlevel (SVLevel & r_level double top_z value double bottomz value
SVLevel & rp_leve)

Splits aSVLevel(p.44) into two SVLevels. The&VLevelp.44) is split by creating a new
SVLevel(p. 44) and then assiging new z values to each instance. Ibriggal SVLevel(p. 44)
belonged to &&VMemsGeometryp. 49) then the nevsVLevel(p. 44) is then inserted after the
original SVLevel(p. 44).

Parameters:
r_level TheSVLevel(p. 44) to split.
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top_z.value The new z value for the origin&VLevel(p. 44).
bottomz value The new z value for the ne®VLevel(p. 44).
rp_level The newSVLevel(p. 44) that is created.

106



5.5 SVSummitViewApp Namespace Reference

This class contains routines that use the SUMMITView Liptarcreate 2 1/2d geometry.

Functions

« DD_RESULT execute (std::string &rmaskfile, std::string &rprocessfile, std::string
&r_log_file, double tolerance, double matkerance,SVMemsGeometry «&rp_mems-
geometry, bool bsaveafter eachstep=false)

5.5.1 Detailed Description

This class contains routines that use the SUMMITView Liptarcreate 2 1/2d geometry.

Author:
Corey McBride

Date:
05/30/03

5.5.2 Function Documentation

5.5.2.1 DDRESULT execute (std::string & r_maskfile, std::string & r_processfile,
std::string & r_log_file, doubletolerance double masktolerance SVMemsGeometry
x& rp_memsgeometry bool b_saveafter_eachstep=f al se)

This routine uses the SUMMITView Library to create 2 1/2d gpetry from a process file and a
2d mask set.

Parameters:
r_maskfile The file name of the 2d mask set.

r_processfile The file name of the process file.

r_log_file The file name of the log file to create.

tolerance The tolerance used to create the 2 1/2d geometry.
masktolerance The tolerance used when processing the 2d mask set.
rp_memsgeometry The SVMemsGeometry(p. 49) created by the routine.

b_saveafter_eachstep The flag to indicate if the geometry is to be saved after eachgss
step. The flag defaults to false.
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Appendix 1: Example Code that uses SummitView

The example C++ code listed here creates a 2 1/2D geometndddEMS mask file and a process
definition file.

#include <string>
#i ncl ude <fstreanp
#include <list>

#incl ude "SVParser. hpp"

#incl ude "SvMenmsGeonetry. hpp"

#incl ude "SVModi f yGeonet ryTool . hpp"
#incl ude "DDVaskDefinitions. hpp"

#i ncl ude "DDMbdi f yGeonetryTool . hpp"
#include "SVinterface. hpp"

#incl ude "DDSurface. hpp"

#include "Svmaterial . hpp"

#incl ude "SWWeaver. hpp"

#include "DDinterface. hpp"

#include "SVSatFileWiter. hpp"

void main(int argc, char* argv[])

{
Il This exanple creates a 2 1/2D geonetry froma MEMS nask file and
Il a process definition file.

Il Parse the process definition file.
/1 This produces a |list of process step data.
std::cout<<"-Reading Process Definition File.\n"

std::string process_file_nane
process_file_name="process_def.txt";
std::list<SVProcessStepData*> process_steps data

DD RESULT result = SVParser::parse_process_definition file(
process_file_nane
process_steps_data);

if(result !'= DD SUCCESS)

{
std::cout<<"-Error Reading Process Definition File.\n"
return ;

}

Il Sort the process step data based on process step nunber.

Il The is so that the steps will be processed in the correct order

Il This call uses the std::list sort routine with a customsort function
process_steps_dat a. sort (SVProcessSt epDat aLessThan() ) ;

Il Parse the MEMS file
std::cout<<"-Processing MEMB File.\n";

Il This gets the layers of the MEMS file that are used.
Il This saves time by processing only those masked that are specified
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Il in the process definition file.
std::list<std::string> used |ayers;
SVinterface::get layer_names_from process_steps(
process_st eps_dat a,
used_| ayers);

Il This is the MEMS file to process.
std::string mask _file naneg;
mask_file_nane="exanpl e. ment';

Il This creates the GBL-2D Ceonetry representation for the MEM nmasks.
Il The geonetry is saved in a DDVaskDefinitions object.
Il This object saves the geonetry in lists. There is one list for each
Il layer in the MEMB file.
DDMaskDef i nitions mask_definitions;
result = SVinterface::process_mask_fil e(
mask_file_nane,
. 001,
used_| ayers,
mask_definitions);
if(result == DD X CRITI CAL_ERROR)
{
std::cout<<"-Error Processing MEMS Mask File.\n";
return ;

}

Il This prints the MEMS file layers that have been processed.
[/ This is also the layers that are used by the process definition file.
mask_definitions.print_information();

Il This calculates the total bounding box for the MEMS Masks that are used.
[/ This will be used later to set up the initial 2 1/2D geonetry.

DDBoundi ngBox box;

box=nask_defi ni tions. get bounding_box();

Il This creates the conposite masks.
Il The conposite masks are the masks that are used by the individual process steps.
Il They are created by XORing different MEMS file layers together.
Il These layers are specified as Masks and Cut Masks with the
Il sane process step nane in the process definition file.
std::cout<<"-Creating Conposite Masks.\n";
std::map<std::string, SVConpositeMask*> conposite_masks;
result = SVinterface::create_conposite_msks(
process_st eps_dat a,
. 001,
mask_definitions,
conposi te_masks) ;
if(result == DD X CRITI CAL_ERROR)
{
std::cout<<"-ERROR Creating Conposite Msks.\n";
return;

}

Il This creates the materials that are specified in the process definition file.
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std::cout<<"-Creating Materials.\n";
SVinterface::create naterial s(process_steps data);

Il This create the process steps.
Il A process step of the correct type is created with all of the necessary information to
Il perform desired process.
Il For exanple, an instance of SVDryEtch is created for a Dry Etch step.
Il The etch depth, affected materials and etch mask are assigned to the instance.
Il Al process steps are derived from SVProcessSt ep.
Il Thus the Iist of SVProcessSteps contain all of the process steps specified in
Il process definition file.
std::cout<<"-Creating Process Steps.\n";
std::list<SVProcessStep*> process_steps;
SVinterface::create process_steps(
process_steps_dat a,
conposi t e_masks,
process_steps);

Il This creates the initial 2 1/2D geonetry.
std::cout<<"-Creating initial geonetry.\n";
SVMensCGeonet ry* p_mems_geonetry = new SVMensGeonet ry(box);
p_mens_geonetry->set tol erance(.001);

Il Asurface is created fromthe bounding box of the masks.

Il This surface defines the working area where the geometry will be created.

Il Because the geonetry is created by sinulating the geometric effects of various

Il process steps, it is necessary to have a working area within which the process steps
/'l can operate.

Il The working area needs to be sufficiently large to enconpass the final 2 1/2D geonetry.
DDSur f ace* p_surface;

DDMbdi f yGeoret ryTool : : create_surface_from boundi ng_box(box, p_surface);

p_nmens_geonet ry- >nbur f aceli st. push_back(p_surface);

Il This sorts the process steps based the process step nunber. This is so that
Il the process steps will be processed in the correct order.
process_steps. sort (SVProcessSt epLessThan());

Il This perforns each process step on the working vol ume.
Il The process steps are executed in the order that the appear in the |ist.
std::cout<<"-Creating 2 1/2D MEMS Geonetry.\n";
std::list<SVProcessStep*>::iterator i,i_end;
i =process_steps. begin();
i _end=process_steps.end();
for(;il=i _end;i++)
{
Il This prints out the information for the process step.
(*i)->print_information();

DD RESULT result = (*i)->execute(*p_menms_geonetry);
if(result == DD X CRI TI CAL_ERROR)

{

std::cout<<"-Error Creating Geonetry.\n";

return;
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}

Il This merges levels that share the sane geonetry.
Il This is a refinement that increases speed and perfornmance.
SVMbdi f yGeonet ryTool : : nerge_| evel s(*p_nmens_geonetry);

}

/1 This saves the created 2 1/2D MEMS Geonetry to a ACIS SAT file.
std::cout<<"\n-Finished Creating 2 1/2D MEMS Geonetry.\n\n";
std::cout << "Saving MEMS 2 1/2D Geonetry to SAT File by Material";
std::string output_filename;
output _filename="Exanpl e.sat";
SVSatFileWiter::export _sat files by material (output_filenane, *p_mens_geonetry);

std::cout << "Program Finished\n";
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