
TheEVERESTInitial MeshGenerator:Version4.0

JV Ashby, RFFowler andC Greenough

December1998

Abstract

In this reportwedescribeVersion4.0of theEVERESTInitial MeshGenerator(Inimsh) whichformspartof the

EVERESTsemiconductordevice modellingsuiteof programs.This moduleis responsiblefor producingthe

coarseinitial meshwhichcanbeusedasthestartingpoint for automaticmeshrefinementin theSolvermodule.

Henceonly simplecontrolsareprovidedto specifymanualrefinementof theinitial mesh.Thealternativemesh

generatorbuilt into the Pre-processormoduleshouldbe usedfor manualmeshconstruction.Only Inimsh is

capableof meshinggeometriesthathaveplaneswhicharenotperpendicularto amajoraxis,asoccursif prisms

or tetrahedraareusedin theblocksdefinitionof a device.

The Inimsh meshgeneratorwill producea mixed meshof hexahedraland tetrahedralelements. The more

computationallyefficient hexahedralelementsareproducedwheneverpossible,with tetrahedrausedto resolve

surfacesthatarenotparallelto a principleaxis.

The EVERESTsuite is one of the productsof the ESPRITproject EVEREST(ESPRIT 962E-17,Three-

DimensionalAlgorithmsfor a RobustandEfficientSemiconductorSimulatorwith ParameterExtraction). The

originalauthorsof theInitial MeshGeneratorwereL.JinandN.Fergusonof Trinity CollegeDublinandJ.V.Ashby

andR.F.Fowler theRutherfordAppletonLaboratory.

A copy of thisreportcanbefoundattheDepartment’swebsite(http://www.cse.clrc.ac.uk/) underpageGroup/CSEMSW

or anonymousftp serverwww.inf.rl.ac.ukunderthedirectorypub/mathsoft/publications
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1 Intr oduction

This manualdescribesthe initial meshgenerationmodule,Inimsh,of theEVERESTsemiconductor
device modellingsoftware.Thisconstitutesthefourth releaseof thissoftwarepackage.

The EVERESTsuite[1] consistsof five stand-alonemodules,the Inimsh modulebeingusedto
generatea coarseinitial meshwhich maybeautomaticallyrefinedwithin theSolver module[4]. The
meshgeneratorrequiresthegeometryof thedevice to bemeshedandthis is obtainedfrom thePre-
processor[2], via thecommonneutralfile interface.Theoutputfrom themeshgeneratoris passedto
theSolver via two files whichdescribethemeshandthedatastructuresnecessaryfor refinement.

Thismeshgeneratoris moreflexible thantheonebuilt into thePre-processormodule.In particular
it is ableto dealwith geometricalplanesthat arenot alignedwith oneof theprincipleaxes(x, y or
z). This allows thesimulationof non-rectangulargeometries,suchasapproximationsto the type of
bird’sbeakgeometrythatoccurswith oxidegrowth next to amask.Thelimitationsof planarsurfaces,
built from thebasicprimitivesavailablein thePre-processor, makessuchapproximationsquitecrude.
However, comparedto othersourcesof uncertaintyin threedimensionaldevice modelling,this level
of geometricrepresentationshouldbesufficient for many problems.

The operationof the meshgenerator, andthe commandline interfaceto it, aredescribedin the
following section. Someexamplesof the useof the meshgeneratorareshown in Section3. Full
detailsof all thecommandsavailablewithin themeshgeneratoraregivenin thetwo appendices.

2 MeshGenerator Input

2.1 The commandline interface

The meshgeneratoris run by typing thecommandinimsh, assumingthat the appropriatedirectory
hasbeenaddedto the user’s searchpath. Like all the modulesin the EVERESTsuite the initial
meshgeneratorusesa standardcommandline driven interface. All modulessupporta commonset
of internal commandswhich are describedin Appendix A. The applicationcommandsspecificto
Inimsharelistedin AppendixB. A summaryof theavailablecommandscanbeobtainedby typingthe
commandHELP. Thesyntaxandpurposeof aparticularcommandis givenby thehelpcommandwith
thecommandnameasanargument,e.g. HELP GEOMETRY. Note that commandsarecaseinsensitive
andcanbeabbreviated,theshortestform beingindicatedin theoutputof helpcommandsby thepart
of thenamein uppercase.

Thoughthecommandline interfaceis very flexible for interactive useit is oftenmoreconvenient
in developmentwork to placethecommandsin atext file. Thiscanthenbereadinto themoduleusing
the commandREAD. If slight changesto the initial mesharerequiredfor a subsequentrun thenthe
commandsfile canbeeditedappropriatelyandre-read.

2.2 The MeshGenerator Commands

The commandsfor the initial meshgeneratorare relatively simple. It is first necessaryto specify
the geometricdescriptionfile, which must have previously beenproducedusing the Pre-processor
module.This is doneusingtheINPUT command.Thefile suffix (.GEO) canbeomittedandall names
aremappedto uppercase.

Sincethis meshgeneratoris intendedto producea basicinitial meshwhich will besubsequently
refined,thereis only a limited needto addrefinementto it in this module. However, a completely
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minimalmeshwill only resolve thosepointsdefinedby thegeometryof thedevice. Suchameshmay
fail to refineat all becausekey features,suchaschangesin dopinglevelsdueto anion implantation,
arenot picked up by any nodes.To adda basicbackgroundmesh,beyond that setby pointsin the
geometry, theREFINE commandcanbeused.Unlike thecommandin themeshgeneratorbuilt into the
Pre-processor, this refinementcommandonly takesanaxisnameanda relative nodespacingfor that
axis. Thereis no needto specifyline namesor refinementweighting. As anexample,the following
two refinementcommands,

refine x 0.1

refine y 0.1

would causeincreasedmeshresolutionin thex andy directionswith approximately11 nodalplanes
perpendicularto eachof theseaxes.Thesecondparameteris thetypicalspacingbetweennodalplanes
alongtheselectedaxis,expressedasa fractionof the total device lengthin that direction. Note that
it is not possibleto sayexactly how many nodalplaneswill begeneratedalongtheseaxes,aseach
uniquepointin thegeometrycangenerateanodalplane.Theseareproducedfirstbeforeany additional
refinementrequiredfrom theREFINE commandsis added.In theabove casethezdirectionrefinement
is not setso it would default to theminimumnumberof nodalplanesto resolve thegeometricpoints
alongthataxis.

Thedatastructuresthatareneededby therefinementprocedurewithin thesolver arewritten to a
file asdefinedby thecommandADAPT, asnotedearlier. By conventionthis file hasthesuffix .DBASE

addedto it. Thusthecommand

adapt p-n

would causethedatastructuresto bewritten to thefile P-N.DBASE. This is not a neutralfile, but an
unformattedbinaryfile, which mustbespecifiedastheparameterREFILE in thecommandSOLVE of
theSolver module.This file is updatedeachtimea refinementpassis madein theSolver, soit maybe
convenientto keepabackupcopy of it whenexperimentingwith meshrefinementparameters.

Theotheroutputfile which needsto bespecifiedbeforegenerationof a meshis themeshneutral
file. This is setby theNEUTRAL command.As with otherfile commands,thestandardfile suffix (.MSH
in thiscase)doesnotneedto besupplied.To review commandsthathavebeenissuedsofar, theRECAP
commandcanbeused.

By default the meshgeneratorwill producea mixed meshof both hexahedraland tetrahedral
elements.Hexahedralelementsaremorecomputationallyefficient thantetrahedrain this application.
Tetrahedraarerequiredby this meshgeneratorto dealwith any surfacesof thedevice which arenot
parallelto oneof themajoraxes(x, y or z). Thereis anoptionto generatea meshof only tetrahedral
elementsthroughtheuseof thecommandMIXED OFF. However, thisis notrecommendedastheSolver
will runmoreslowly with suchmeshes.

Oncethevariousfilesandbackgroundrefinementshave beensetameshcanbegenerated.This is
doneby issuingthecommandEND. Thiscausesthetwo outputfilesto bewrittenandthemeshprogram
to terminate.In a futurereleasethecommandMESH will allow a meshto begeneratedandthenreturn
to the commandprompt. However, at presentthis commandperformsthe sameactionsasthe END

command.
Thesyntaxandpurposeof eachcommandin themeshgeneratoris explainedin detail in thetwo

appendices.A summarytheapplicationcommandsis givenbelow.
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ADAPT to specifymeshdatabaseoutputfile
END to generateandwrite meshfiles,thenexit
GEOMETRY to specifynameof inputgeometryneutralfile
MESH to generateandwrite meshfiles,but notexit
MIXED to switchbetweenmeshtypes
NEUTRAL to setnameof outputmeshneutralfile
QUIT to exit meshgeneratorwithoutmeshoutput
RECAP to displayoptionsenteredsofar
REFINE to setmaximumrelative spacingalongmajoraxis

3 Examplesand results

This sectiondescribestwo examplesto illustrate the useof the initial meshgenerator. The plots
subsequentto thesimulationaregeneratedby thepost-processor.

3.1 Diodecontaining onedimensionaleffects

Description

Thedevice hasdimensions10 � 2 � 5 µm in x, y andz directionsandis dividedinto 2 blocksof equal
sizewith their interfaceatx = 5. Thecontactsareatx � 0 andx � 10. Thegeometryof thedeviceand
thesurfacemeshgeneratedby thelistedcommandsareshown in Figure1.

Input to the meshgenerator

geometry p-n

neutral p-n

adapt p-n

refine x 0.1

refine y 1

refine z 0.5

end

Note that asthis is a onedimensionalproblemthereis no point in having morethanthe minimum
refinementin the y andz directions. However, a small refinementhasbeenusedin the z direction
to illustratethe effect of the REFINE command.The latter two REFINE commandscould have been
omittedto give minimal refinementin thesedirections.

3.2 Oxide corner with non-planar geometry

Description

This is a simpletwo dimensionalproblemwhereanoxidecorner, surroundedby semiconductor, has
been“round-off ” usingtwo prismblocks.Theinput to theblockscommandlevel of thePre-processor
to generatethis teststructureareasfollows:

block

neut corner
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Figure1: Geometryandinitial meshon the1D diode.
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vol vox1 b (0 0 0) (2.5 2.5 1) ox

vol vox2 b (0 2.5 0) (2.5 2.5 1) ox

vol vox3 b (2.5 0 0) (2.5 2.5 1) ox

vol vox4 p (2.5 2.5 0) (2.5 2.5 1) ox z

vol vsi1 p (5 5 0) (-2.5 -2.5 1) si z

vol vsi2 b (0 5 0) (2.5 5 1) si

vol vsi3 b (2.5 5 0) (2.5 5 1) si

vol vsi4 b (5 0 0) (5 2.5 1) si

vol vsi5 b (5 2.5 0) (5 2.5 1) si

vol vsi6 b (5 5 0) (5 5 1) si

con top r ( 0 5 0 0 10 0 0 5 1 )

con bot r ( 5 0 0 10 0 0 5 0 1 )

gen

end

end

This setof commandscreatesthe geometryneutralfile which is requiredby Inimsh. Note that the
Pre-processormeshgeneratoris not currentlyable to meshgeometriesusingprism andtetrahedral
blocks.

Input to the meshgenerator

geom corner

neut corner

adapt corner

ref x .1

ref y .1

end

Thesecommandsgeneratea meshof 288nodesand136elements,which canbeseenin Figure2. Of
theseelements,118arehexahedrawhile just18aretetrahedra.Thelatterareonly usedin theelements
thearecut by theslopingoxide-semiconductorsurface.
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Figure2: Geometryof theoxidecorner. Themeshgeneratedby Inimshis shown on thesurface.The
light colouredareais oxide,thedarker areasiliconandthecontactis darker still.
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A Internal Commands

A.1 MORE - to displaythecontentsafile
A.2 CHANGE - to changeworkingdirectory
A.3 RENAME - to renamea file
A.4 COPY - to copy afile
A.5 RM - to delete(remove) afile
A.6 LIST - to providedirectorylisting
A.7 WRITE - to providemonitoringof asession
A.8 READ - to redirecttheinputstreamto readfrom afile
A.9 SYNTAX - to provide thesyntaxof acommand
A.10 HELP - to accessHELPsystem
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A.1 MORE - to display the contentsa file

Syntax

MORe FILe=<string>

Description

Displaysthecontentsof thespecifiedfile to theterminal.

Parameters

FILE Requiredstring
A stringgiving thenameof thefile to bedisplayed.

Examples

more file=ANODE

MOR CATHODE

A.2 CHANGE - to changeworking directory

Syntax

CHAnge DIRectory=<string>

Description

Changesthecurrentworkingdirectory.

Parameters

DIRECTORY Requiredstring
A stringgiving thenameof thenew workingdirectory.

Examples

change directory=results

CHA MODELS

A.3 RENAME - to renamea file

Syntax

REName FILe1=<string> FILe2=<string>

Description

Renamesagivenfile to anew name.

Parameters

9



FILE1 Requiredstring
A stringgiving thecurrentfile name.

FILE2 Requiredstring
A stringgiving thenew file name.

Examples

RENAME FILE1=RESULT1 FILE2=RESULT.SAVE

ren output1 output2

A.4 COPY - to copya file

Syntax

COPy FILe1=<string> FILe2=<string>

Description

Copiesagivenfile to anew file.

Parameters

FILE1 Requiredstring
A stringgiving thesourcefile name.

FILE2 Requiredstring
A stringgiving thedestinationfile name.

Examples

COPY FILE1=RESULT1 FILE2=RESULT.SAVE

cop output1 output2

A.5 RM - to delete(remove) a file

Syntax

RM FILe=<string>

Description

Removes(deletes)thegivenfile from thefile system.

Parameters

FILE Requiredstring
A stringgiving thenameof thefile to beremoved(deleted).

Examples

RM FILE=RESULT

rm output
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A.6 LIST - to provide directory listing

Syntax

LISt [FILe=<string>]

Description

Providea listing of thecurrentor specifieddirectory.

Parameters
FILE Optionalstring : initial = ” ”

A stringgiving thenameof thefile.

Examples

LIST

lis *.MSH

A.7 WRITE - to provide monitoring of a session

Syntax

WRIte STAte=<choice> [FIle=<string>]

[PROmpt=<choice>]

Description

Redirectsthecommanddecoderechooutputto thefile specifiedby theFILE parameter.
The informationflow is controlledby theSTATE parameter. This commandcanenable
theconstructionsof commandfiles to drive theprogramin abackgroundmode.

Theechoingof thecommandpromptcanbecontrolledusingthePROMPTparameter.

Parameters
STATE requiredchoice

Controlsthe flow of informationto the monitoringfile It has
valuesNO, OFFor CLOSE.ON switchesonmonitoring.OFF
suspendsit but doesnot closethefile andCLOSEendsmoni-
toringandclosesthefile.

FILE retainedstring : initial = MONITOR
Outputfile nameto receive themonitoringstream.

PROMPT resetchoice: initial = OFF
Allows you to selectwhetherthe commandpromptis echoed
in themonitoringfile. It hasvaluesON or OFF.

Examples

WRITE STATE=ON FILE=MONITOR PROMPT=OFF

wri on junk on
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A.8 READ - to specifya commandinput file

Syntax

REad FIle=<string> [ECHO=<choice>]

Description

Redirectsthe commanddecoderto take its input from a file specifiedby the FILE pa-
rameter. However, if FILE is given asTERMINAL, input returnsto the standardinput
stream.

The echoingof the commandsbeing readby the decodercan be controlledusing the
ECHOparameter.

Parameters

FILE requiredstring
Inputfile namecontainingprogramcommands.

ECHO resetchoice: initial = OFF
Echocontroloption.ValuescanbeON or OFF.

Examples

In thisexampleasequenceof commandsarereadfrom thefile NAIL andECHOedto the
standardoutputdevice:

Everest: read nail echo=on

A.9 SYNTAX - to provide the syntaxof a command

Syntax

SYNtax [COMmand=<string>]

Description

Displaystheformal syntaxof all thecurrentlydefinedcommands.If thesyntaxof a spe-
cific commandnameis requiredthenthatnameis givenasaparameterto thecommand.

Parameters

COMMAND retainedstring : initial = ALL
Specifiesthecommandsnamefor whichthesyntaxis required.
If thesyntaxof all thecurrentlydefinedcommandsis required,
thenthespecialcommandnameALL shouldbeused.

Examples

Thefollowing exampleobtainsthesyntaxof all thecommandsin theDOCUMENT pro-
gram.
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Doc: syntax

The commands currently defined are:

SYNtax [COMmand=<string>]

Help [KEY=<string>] [OPTion=<string>]

FILe INput=<string>, OUTput=<string>

PROcess

Quit

TItle TEXT=<string>

AUthor TEXT=<string>

Date TEXT=<string>

OPtions [SORT=<choice>] [CONtents=<choice>]

[RUNoff=<choice>] [FRont_page=<choice>]

For further information type: HELP <command name> [<option>],

where <option> is BRIEF or FULL

Doc:

A.10 HELP - to accessHELP system

Syntax

Help [KEY=<string>] [OPTion=<choice>]

Description

Accessesto the inbuilt HELP systemwithin thecommanddecoder. HELP is oneof the
internalcommandsof thecommandprocessorandhasacompanioncommandSYNTAX.

HELP hastwo parametersallowing theselectionof helpon a specificcommandandthe
level of helprequired(SUMMARY, BRIEF, FULL andSYNTAX). If nocommandname
is givensummaryhelpis givenonall thecommandscurrentlydefined.

If anambiguousor invalid commandnameis givenawarningor errormessageis given.

BRIEFhelpgivesinformationonthepurpose,syntaxandthecurrentstateof theselected
command.A tableof commandkeywords,their type,statusandcurrentvalue(if applica-
ble) is printed.

WhentheFULL optionis usedtheHelpSystemusestheinbuilt freetext retrieval system
to accessthehelpdatabase.This allows thedisplayof thefull commanddescriptionand
thesearchingfor specifickeywords.Thisoptionis not supportedin thecurrentrelease.

Parameters

13



KEY resetstring : initial =
Either theglobalcommandnameSUMMARY, or thespecific
commandnameonwhichhelpis sought.

OPTION resetchoice: initial = BRIEF
The level of help required. This canbe SUMMARY, BRIEF,
FULL or SYNTAX.

Examples

Everest: help output

Name : OUTPUT

Purpose : to specify results file

Syntax : OUTput FILE=<string> [REPLACE=<choice>]

Keyword Type Status Current Value

--------------------------------------------------------------

FILE string required undefined

REPLACE choice reset replace,NOREPLACE
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B Application Commands

B.1 ADAPT - to specifymeshdatabaseoutputfile
B.2 END - to generateandwrite meshfiles,thenexit
B.3 GEOMETRY - to specifynameof inputgeometryneutralfile
B.4 MESH - to generateandwrite meshfiles,but notexit
B.5 MIXED - to switchbetweenmeshtypes
B.6 NEUTRAL - to setnameof outputmeshneutralfile
B.7 QUIT - to exit meshgeneratorwithoutmeshoutput
B.8 RECAP - to displayoptionsenteredsofar
B.9 REFINE - to setmaximumrelativespacingalongmajoraxis
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B.1 ADAPT - to specifymeshdatabaseoutput file

Syntax

APapt [NAme=<string>]

Description

Setstheoutputfile namefor thebinarymeshdatastructure.This file is requiredasinput
to theSolver.

Parameters
NAME Retainedstring

A string giving the nameof the file to write. The nameis
mappedto uppercasewith theextension.DBASE

Examples

ADAPT P-N

B.2 END - to generateand write meshfiles, then exit

Syntax

END

Description

This commandcausesthe meshto be generatedand, if this is successful,to write the
neutralfile for themeshandtheassociatedbinaryfile. Theprogramis thenexited.

Parameters

None

Examples

END

B.3 GEOMETRY - to specifynameof input geometryneutral file

Syntax

GEOMetry [NAme=<string>]

Description

Setstheinputfile namefor thegeometryneutralfile. Thisfile is requiredasinput.

Parameters
NAME1 Retainedstring

A stringgiving thegeometryneutralfile name.

Examples

GEOMETRY P-N
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B.4 MESH - to generateand write meshfiles,but not exit

Syntax

MEsh

Description

CurrentlybehavesasEND anddoesexit theprogram.

Parameters

None

Examples

MESH

B.5 MIXED - to switch betweenmeshtypes

Syntax

MIXed [OPTion=<choice>]

Description

By default a mixed meshis generatedwith hexahedrawherever possibleandtetrahedra
only if requiredfor non-axes alignedsurfaces. Settingthis commandto OFF causesa
purelytetrahedralmeshto beproduced.This is NOT recommended.

Parameters

OPTION Requiredchoice: initial = ”ON”
A choice giving the state of mixed mesh generation.
Values=(ON,OFF).

Examples

MIXED on

Mix off

B.6 NEUTRAL - to setnameof output meshneutral file

Syntax

NEUtral [NAme=<string>]

Description

This setstheoutputnamefor theneutralfile to storethemesh.Thenameis mappedto
uppercaseandthe.MSH suffix addedif required.
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Parameters

NAME retainedstring
Nameof themeshneutralfile to bewritten.

Examples

neutral p-n

B.7 QUIT - to exit without meshgeneration

Syntax

QUit

Description

Thiscommandquitsthemeshgeneratorwithoutproducingany output.

Parameters

None

Examples

Quit

B.8 RECAP - to display optionsentered sofar

Syntax

REcap

Description

Displaysthecommandswhichhavebeenenteredsofar.

Parameters

None

Examples

REC
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B.9 REFINE - to setmaximum relative spacingalongmajor axis

Syntax

REFine AXis=<choice> [Spacing=<real>]

Description

Set the maximumrelative spacingalongan axis. Without thesevaluesonly sufficient
nodalplanesaregeneratedto resolve thegeometricpoints.A refinementof 1.0givesno
additionalplanes,while 0.1will give about10planes.

Parameters

AXIS requiredchoice
Theaxisto refine.Values=(X,Y,Z).

SPACING optionalreal : initial = 1.0
Themaximumrelativespacingto use.

Examples

refine x 1

ref y 0.2
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