TheEVERESTInitial MeshGeneratorVersion4.0

JV Ashby, RF Fowler andC Greenough

Decembed 998

Abstract

In this reportwe describeversion4.0of the EVERESTInitial MeshGeneratofInimsh whichformspartof the

EVERESTsemiconductodevice modelling suite of programs. This moduleis responsibld€or producingthe

coarsanitial meshwhich canbe usedasthe startingpointfor automatiomeshrefinementn the Solver module.
Henceonly simplecontrolsareprovidedto specifymanualrefinemenof theinitial mesh.Thealternatve mesh
generatorbuilt into the Pre-processomoduleshouldbe usedfor manualmeshconstruction.Only Inimshis

capableof meshinggeometrieshathave planeswhich arenot perpendiculato a majoraxis,asoccursif prisms
or tetrahedrareusedin the blocksdefinition of a device.

The Inimsh meshgeneratomwill producea mixed meshof hexahedraland tetrahedrakelements. The more
computationallyefficient hexahedrakelementsre producedvheneser possible with tetrahedraisedto resolhe
surfacesthatarenot parallelto a principleaxis.

The EVEREST suite is one of the productsof the ESPRIT project EVEREST (ESPRIT 962E-17, Three-
DimensionalAlgorithmsfor a Rolustand Efficient SemiconductoBimulatorwith ParameterExtraction). The
originalauthorsof thelnitial MeshGeneratowereL.JinandN.Feigusonof Trinity CollegeDublin andJ.V.Ashby
andR.FFowler the RutherfordAppletonLaboratory

A copy of thisreportcanbefoundattheDepartmenswebsite (http://wwwcseclrc.ac.ukj undempageGroup/CSEMSW
or anorymousftp sener wwwinf.rl.ac.ukunderthe directorypub/mathsoft/publications
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1 Intr oduction

This manualdescribeghe initial meshgeneratiormodule,Inimsh, of the EVERESTsemiconductor
device modellingsoftware. This constituteghefourth releaseof this softwarepackage.

The EVERESTsuite[1] consistsof five stand-alonanodules the Inimsh modulebeingusedto
generatea coarsdnitial meshwhich may be automaticallyrefinedwithin the Solver module[4]. The
meshgeneratorequiresthe geometryof the device to be meshedandthis is obtainedfrom the Pre-
processof2], via thecommonneutralfile interface. The outputfrom the meshgeneratois passedo
the Solver via two files which describeghe meshandthe datastructuresecessarfor refinement.

Thismeshgeneratois moreflexible thanthe onebuilt into the Pre-processanodule.In particular
it is ableto dealwith geometricalplanesthat are not alignedwith one of the principle axes(x, y or
2). This allows the simulationof non-rectangulageometriessuchasapproximationgo the type of
bird’s beakgeometrythatoccurswith oxidegronth next to amask.Thelimitationsof planarsurfaces,
built from thebasicprimitivesavailablein the Pre-processpmalkessuchapproximationgjuitecrude.
However, comparedo othersourcef uncertaintyin threedimensionadevice modelling,this level
of geometriaepresentatioshouldbe suficientfor mary problems.

The operationof the meshgeneratgrandthe commandine interfaceto it, aredescribedn the
following section. Someexamplesof the useof the meshgeneratorare shavn in Section3. Full
detailsof all thecommandswvailablewithin themeshgeneratoaregivenin thetwo appendices.

2 MeshGenerator Input

2.1 The commandline interface

The meshgeneratolis run by typing the command ni nsh, assuminghat the appropriatedirectory
hasbeenaddedto the users searchpath. Like all the modulesin the EVEREST suite the initial
meshgeneratousesa standarccommandine driven interface. All modulessupporta commonset
of internal commandswhich are describedin Appendix A. The applicationcommandsspecificto
Inimsharelistedin AppendixB. A summaryof theavailablecommandganbeobtainedoy typingthe
commandHELP. The syntaxandpurposeof a particularcommands given by the helpcommandwith
the commandhameasan amgument,e.g. HELP GEOVETRY. Note that commandsare caseinsensitve
andcanbe abbreiated,the shortesform beingindicatedin the outputof helpcommandsy the part
of thenamein uppercase.

Thoughthe commandine interfaceis very flexible for interactve useit is oftenmorecorvenient
in developmentwork to placethecommandsn atext file. This canthenbereadinto the moduleusing
the commandREAD. If slight changedo theinitial mesharerequiredfor a subsequentun thenthe
commandsile canbeeditedappropriatelyandre-read.

2.2 The Mesh Generator Commands

The commanddor the initial meshgeneratorare relatively simple. It is first necessaryo specify
the geometricdescriptionfile, which must have previously beenproducedusing the Pre-processor
module.Thisis doneusingthel NPUT command.Thefile sufix (. GEO) canbe omittedandall names
aremappedo uppercase.

Sincethis meshgeneratois intendedto producea basicinitial meshwhich will be subsequently
refined,thereis only a limited needto addrefinemento it in this module. However, a completely



minimalmeshwill only resole thosepointsdefinedby the geometryof thedevice. Sucha meshmay
fail to refineat all becauséey featuressuchaschangesn dopinglevels dueto anion implantation,
are not picked up by ary nodes. To adda basicbackgroundnesh,beyond that setby pointsin the
geometrythe REFI NE commandtanbeused.Unlike thecommandn themeshgeneratobuilt into the
Pre-processothis refinementommandonly takesan axis nameanda relative nodespacingfor that
axis. Thereis no needto specifyline namesor refinementweighting. As an example,the following
two refinemenctommands,

refine x 0.1
refiney 0.1

would causeincreasedneshresolutionin the x andy directionswith approximatelyl1 nodalplanes
perpendiculato eachof theseaxes. Theseconharameters thetypical spacingoetweemodalplanes
alongthe selectedhxis, expressedasa fraction of thetotal device lengthin thatdirection. Note that
it is not possibleto sayexactly how mary nodalplaneswill be generatedlongtheseaxes,aseach
uniquepointin thegeometrycangenerat@nodalplane.Theseareproducedirst beforeary additional
refinementequiredfrom the REFI NE commandss added.In theabove casehez directionrefinement
is not setsoit would default to the minimum numberof nodalplanesto resole the geometrigpoints
alongthataxis.

Thedatastructureghatareneededy therefinemenprocedureawithin the solver arewrittento a
file asdefinedby the commandADAPT, asnotedearlier By conventionthis file hasthe suffix . DBASE
addedo it. Thusthecommand

adapt p-n

would causethe datastructurego be written to the file P- N. DBASE. This is not a neutralfile, but an
unformattecbinaryfile, which mustbe specifiedasthe parameteREFI LE in the commandSOLVE of
the Solver module.Thisfile is updatedeachtime arefinemenpasss madein the Solver, soit maybe
corvenientto keepabackupcopy of it whenexperimentingwith meshrefinemenparameters.

The otheroutputfile which needgo be specifiedbeforegeneratiorof a meshis the meshneutral
file. Thisis setby the NEUTRAL commandAs with otherfile commandsthe standardile suffix (. MSH
in thiscase)doesnotneedto besupplied.To review commandshathave beenissuedsofar, the RECAP
commanctanbeused.

By default the meshgeneratowill producea mixed meshof both hexahedraland tetrahedral
elementsHexahedraklementsaremorecomputationallyefficient thantetrahedran this application.
Tetrahedraarerequiredby this meshgeneratoto dealwith ary surfacesof the device which arenot
parallelto oneof the majoraxes(x, y or z). Thereis anoptionto generatex meshof only tetrahedral
elementshroughtheuseof thecommandv XED OFF. However, thisis notrecommendedsthe Solver
will run moreslowly with suchmeshes.

Oncethevariousfiles andbackgroundefinementhase beenseta meshcanbe generatedThisis
doneby issuingthecommandEND. This causeshetwo outputfilesto bewritten andthemeshprogram
to terminate.ln a futurereleasehe commandvESH will allow a meshto be generate@dndthenreturn
to the commandprompt. However, at presentthis commandperformsthe sameactionsasthe END
command.

The syntaxandpurposeof eachcommandn the meshgeneratois explainedin detailin the two
appendicesA summarytheapplicationcommandss given below.



ADAPT to specifymeshdatabaseutputfile

END to generateandwrite meshfiles, thenexit
CEOMVETRY  to specifynameof input geometryneutralfile
MESH to generateandwrite meshfiles, but not exit

M XED to switchbetweemmeshtypes

NEUTRAL  to sethameof outputmeshneutralfile

QUT to exit meshgeneratorwithout meshoutput
RECAP to displayoptionsenteredsofar

REFI NE to setmaximumrelative spacingalongmajoraxis

3 Examplesandresults

This sectiondescribeswo examplesto illustrate the use of the initial meshgeneratar The plots
subsequenb thesimulationaregeneratedby the post-processor

3.1 Diode containing onedimensionaleffects
Description

Thedevice hasdimensionsl0x 2 x 5 umin x, y andz directionsandis dividedinto 2 blocksof equal
sizewith theirinterfaceatx = 5. Thecontactsareatx = 0 andx = 10. Thegeometryof thedeviceand
thesurfacemeshgeneratedby thelistedcommandsreshavn in Figurel.

Input to the meshgenerator

geometry p-n
neutral p-n
adapt p-n
refine x 0.1
refiney 1
refine z 0.5
end

Note that asthis is a onedimensionalproblemthereis no point in having more thanthe minimum
refinementin they andz directions. However, a small refinementhasbeenusedin the z direction
to illustratethe effect of the REFI NE command. The latter two REFI NE command<ould have been
omittedto give minimalrefinemenin thesedirections.

3.2 Oxide corner with non-planar geometry
Description

Thisis a simpletwo dimensionaproblemwherean oxide corner surroundedy semiconductgoihas
been‘round-of” usingtwo prismblocks. Theinputto the blockscommandevel of the Pre-processor
to generatehisteststructureareasfollows:

bl ock
neut corner
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Figurel: Geometryandinitial meshonthe 1D diode.



vol vox1 b (000) (2.52.51) ox

vol vox2 b (0 2.50) (2.5 2.5 1) ox
vol vox3 b (2.500) (2.5 2.5 1) ox
vol vox4 p (2.52.50) (2.52.51) ox z
vol vsilp (550 (-225-2.51) si z
vol vsi2 b (050) (22551) s

vol vsi3 b (2.550) (255 1) s

vol vsid b (500) (5251) s

vol vsi5 b (52.50) (5251) s

vol vsi6 b (550) (551) s
contopr (O 50 0100 0 51)
conbot r (5 00 10 00 5 01)
gen

end

end

This setof commandsreateghe geometryneutralfile which is requiredby Inimsh. Note thatthe
Pre-processomeshgeneratolis not currently ableto meshgeometriesusing prism andtetrahedral
blocks.

Input to the meshgenerator

geom cor ner
neut corner
adapt corner

ref x .1
ref y .1
end

Thesecommandgeneratea meshof 288 nodesand136 elementswhich canbe seenin Figure2. Of
theseelementsl18arehexahedravhile just 18 aretetrahedraThelatterareonly usedin theelements
thearecut by the slopingoxide-semiconductasurface.
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Figure2: Geometryof the oxide corner The meshgeneratedby Inimshis shavn onthesurface.The
light colouredareais oxide,thedarler areasilicon andthe contactis darler still.
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A Internal Commands

Al
A2
A3
A4
A5
A.6
A7
A.8
A9
A.10

MORE - to displaythe contentsafile
CHANGE - to changeworkingdirectory
RENAME - torenameafile

COPY - to copy afile

RM - to delete(remaove) afile

LIST - to provide directorylisting

WRITE - to provide monitoringof a session

READ - to redirecttheinput streanto readfrom afile
SYNTAX - to provide the syntaxof acommand

HELP - to accesHELP system



A.1 MORE - to display the contentsa file
Syntax

MORe Fl Le=<string>
Description

Displaysthe contentf the specifiedile to theterminal.

Parameters
FILE Requiredstring
A string giving the nameof thefile to bedisplayed.
Examples

more fil e=ANODE
MOR CATHODE

A.2 CHANGE - to changeworking directory
Syntax

CHAnge DI Rect ory=<string>
Description

Changeshe currentworking directory

Parameters
DIRECTORY Requiredstring
A string giving the nameof the nev working directory
Examples

change directory=results
CHA MODELS

A.3 RENAME -torenameafile
Syntax

REName Fl Lel=<string> Fl Le2=<string>
Description
Renames givenfile to anew name.

Parameters



FILE1 Requiredstring

A string giving thecurrentfile name.
FILE2 Requiredstring

A string giving the new file name.

Examples

RENAME FI LE1=RESULT1 FI LE2=RESULT. SAVE
ren outputl output?2

A.4 COPY -to copyafile
Syntax

COPy Fl Lel=<string> FlLe2=<string>
Description

Copiesagivenfile to anew file.

Parameters
FILE1 Requiredstring
A string giving the sourcefile name.
FILE2 Requiredstring
A string giving thedestinatiorfile name.
Examples

COPY FI LE1=RESULT1 FI LE2=RESULT. SAVE
cop outputl output?2

A5 RM -to delete(remove) afile
Syntax

RM Fl Le=<stri ng>
Description

Remawes(deletesthegivenfile from thefile system.

Parameters
FILE Requiredstring
A string giving the nameof thefile to beremoved (deleted).
Examples

RM FI LE=RESULT
rm out put
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A.6 LIST -to provide directory listing
Syntax

LISt [FlLe=<string>]
Description

Provide alisting of the currentor specifieddirectory

Parameters
FILE Optionalstring : initial =" ”
A string giving the nameof thefile.
Examples
LI ST
lis *.MSH

A.7 WRITE - to provide monitoring of a session

Syntax
VRIt e STAte=<choice> [Flle=<string>]
[ PROmt =<choi ce>]
Description

Redirecteshe commanddecodetechooutputto thefile specifiedby the FILE parameter
Theinformationflow is controlledby the STATE parameter This commandcanenable
the construction®f commandiles to drive the programin a backgroundnode.

Theechoingof the commandoromptcanbe controlledusingthe PROMPT parameter

Parameters
STATE requiredchoice
Controlsthe flow of informationto the monitoringfile It has
valuesNO, OFFor CLOSE.ON switcheson monitoring. OFF
suspend# but doesnot closethe file and CLOSEendsmoni-
toring andcloseghefile.
FILE retainedstring : initial = MONITOR
Outputfile nameto receve themonitoringstream.
PROMPT resetchoice: initial = OFF
Allows you to selectwhetherthe commandpromptis echoed
in themonitoringfile. It hasvaluesON or OFF
Examples

WRI TE STATE=ON FI LE=MONI TOR PROVPT=C0FF
wri on junk on

11



A.8 READ - to specifyacommandinput file
Syntax

REad FI|e=<string> [ ECHO=<choi ce>]
Description

Redirectsthe commanddecoderto take its input from a file specifiedby the FILE pa-
rameter However, if FILE is givenas TERMINAL, input returnsto the standardnput
stream.

The echoingof the commandseing read by the decodercan be controlled using the

ECHOparameter
Parameters
FILE requiredstring
Inputfile namecontainingprogramcommands.
ECHO resetchoice: initial = OFF
Echocontroloption. Valuescanbe ON or OFF
Examples

In this examplea sequencef commandsrereadfrom thefile NAIL andECHOedto the
standardbutputdevice:

Everest: read nail echo=on

A.9 SYNTAX - to provide the syntax of a command
Syntax

SYNtax [ COvmand=<stri ng>]
Description

Displaysthe formal syntaxof all the currentlydefinedcommandslif the syntaxof a spe-
cific commanchameis requiredthenthatnameis givenasa parameteto thecommand.

Parameters
COMMAND retainedstring: initial = ALL
Specifieshecommandsamefor which the syntaxis required.
If the syntaxof all the currentlydefinedcommandss required,
thenthespecialcommanchameALL shouldbeused.
Examples

Thefollowing exampleobtainsthe syntaxof all the commandsn the DOCUMENT pro-
gram.

12



Doc: syntax
The conmands currently defined are:

SYNt ax [ COvhrand=<stri ng>]
Hel p [ KEY=<string>] [OPTi on=<string>]
FlLe | Nput=<string> OUTput=<string>
PRCcess
Quit
TItle TEXT=<string>
AUt hor TEXT=<string>
Dat e TEXT=<string>
OPtions [ SORT=<choi ce>] [ CONt ent s=<choi ce>]
[ RUNof f =<choi ce>] [ FRont _page=<choi ce>]

For further information type: HELP <command name> [ <option>],
where <option>is BRI EF or FULL

Doc:

A.10 HELP -to acces#HELP system
Syntax
Hel p [ KEY=<string>] [ OPTi on=<choi ce>]
Description
Accesseso the inbuilt HELP systemwithin the commanddecoder HELP is oneof the

internalcommand®f thecommandirocessoandhasacompaniorcommandsYNTAX.

HELP hastwo parametersllowing the selectionof helpon a specificcommandandthe
level of helprequired SUMMARY, BRIEF, FULL andSYNTAX). If nocommanchame
is givensummaryhelpis givenon all thecommandgurrentlydefined.

If anambiguousor invalid commandameis givenawarningor errormessagés given.

BRIEF helpgivesinformationon the purposesyntaxandthe currentstateof the selected
commandA tableof commandkeywords,theirtype,statusandcurrentvalue(if applica-
ble)is printed.

Whenthe FULL optionis usedthe Help Systermusestheinbuilt freetext retrieval system
to accesshehelpdatabase.This allows the displayof thefull commandiescriptionand
thesearchindor specifickeywords. This optionis not supportedn the currentrelease.

Parameters

13



KEY

OPTION

Examples

resetstring: initial =
Either the global commandnameSUMMARY, or the specific
commandhameon which helpis sought.

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

Everest: hel p out put

Nane

Pur pose :
Synt ax

FI LE
REPLACE

OUTPUT

to specify results file
QUTput Fl LE=<string> [ REPLACE=<choi ce>]

Type St at us Current Val ue
string required undef i ned
choi ce reset repl ace, NOREPLACE
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B Application Commands

B.1 ADAPT - to specifymeshdatabaseutputfile

B.2 END - to generateandwrite meshfiles, thenexit

B.3 GEOMETRY - tospecifynameof inputgeometryneutralfile
B.4 MESH - to generateandwrite meshfiles, but not exit

B.5 MIXED - to switchbetweemmeshtypes

B.6 NEUTRAL - to sethameof outputmeshneutralfile

B.7 QUIT - to exit meshgeneratorwithout meshoutput

B.8 RECAP - to displayoptionsenteredsofar

B.9 REFINE - to setmaximumrelative spacingalongmajoraxis

15



B.1 ADAPT -to specifymeshdatabaseoutput file

Syntax
APapt [ NAme=<string>]
Description
Setsthe outputfile namefor the binary meshdatastructure.Thisfile is requiredasinput
to the Solver.
Parameters
NAME Retainedstring
A string giving the nameof the file to write. The nameis
mappedo uppercasavith the extension.DBASE
Examples
ADAPT P-N

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

Syntax
END
Description

This commandcauseghe meshto be generatedand, if this is successfulio write the
neutralfile for the meshandthe associatedinaryfile. The programis thenexited.

Parameters
None

Examples
END

B.3 GEOMETRY - to specifynameof input geometryneutral file
Syntax

CEOMVet ry [ NAme=<string>]
Description

Setstheinputfile namefor the geometryneutralfile. Thisfile is requiredasinput.

Parameters
NAME1 Retainedstring
A stringgiving thegeometryneutralfile name.
Examples
GEOMETRY P-N

16



B.4 MESH - to generateand write meshfiles, but not exit
Syntax

MESh
Description

CurrentlybehaesasEND anddoesexit the program.
Parameters

None
Examples

MESH

B.5 MIXED - to switch betweenmeshtypes
Syntax

M Xed [ OPTi on=<choi ce>]
Description

By default a mixed meshis generatedvith hexahedrawherever possibleandtetrahedra
only if requiredfor non-axes alignedsurfaces. Settingthis commandio OFF causesa
purelytetrahedraimeshto be produced.Thisis NOT recommended.

Parameters
OPTION Requiredchoice: initial ="ON”
A choice giving the state of mixed mesh generation.
Values=(ON,OFF).
Examples
M XED on
M x of f

B.6 NEUTRAL - to setnameof output meshneutral file
Syntax

NEUt ral [ NAme=<string>]
Description

This setsthe outputnamefor the neutralfile to storethe mesh. The nameis mappedo
uppercasandthe.MSH sufix addedf required.

17



Parameters

NAME retainedstring
Nameof the meshneutralfile to bewritten.

Examples

neutral p-n

B.7 QUIT - to exit without meshgeneration
Syntax
Qi t
Description
This commandjuitsthe meshgeneratowithout producingary output.
Parameters
None

Examples

Qui t

B.8 RECAP - to display options entered sofar
Syntax

REcap
Description

Displaysthe commandsvhich have beenenteredsofar.
Parameters

None
Examples

REC
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B.9 REFINE - to setmaximum relative spacingalongmajor axis
Syntax

REFi ne AXi s=<choi ce> [ Spaci ng=<r eal >]
Description

Setthe maximumrelative spacingalongan axis. Without thesevaluesonly suficient
nodalplanesaregeneratedo resole the geometrigpoints. A refinemenbf 1.0 givesno
additionalplaneswhile 0.1 will give aboutl0 planes.

Parameters
AXIS requiredchoice
Theaxisto refine.Values=(X,YZ).
SFACING optionalreal: initial = 1.0
The maximumrelative spacingo use.
Examples
refine x 1
ref y 0.2
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