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Abstract

For thesimulationof etchinganddepositionprocessesthecellularmethodis very
popular, becauseof its high robustnesscomparedto alternative methodslike the
level setor themoving boundaryapproach.Wepresentamethodfor thesimulation
of topographyprocessesbasedon thecellularmethodthatovercomestheproblem
of lossof informationwhenusinga cellularbasedsimulatorin combinationwith
simulatorsusingpolygonaldatarepresentations.Additionally thenew methodal-
lows to increasetheresolutionof thetopographysimulatorwithout a significantly
highermemoryrequirement.

1 Introduction
For three-dimensionalsimulationof etchingand depositionprocessescellular based
algorithms[1] [2] have advantagesto polygonalbasedalgorithmsandlevel setalgo-
rithmsdueto theirhigh robustness.For instancetheformationof voidswhich is avery
seriousproblemfor polygonalbasedalgorithmsis implicitly handled.Neverthelessthe
majordrawbackof thecellularbasedsimulatorsis thecellulardataformat.On theone
handsidethecellular resolutionis not very high becausethememoryrequirementin-
creasesdramaticallyby choosinga higheraccuracy. But whena topographysimulator
is appliedto front endprocesssimulationalsothin layerslike thegateoxidein a MOS
transistorhaveto beresolvedaccurately. Thismeansthatthecell sizeshouldbesmaller
thanonetenthof thegateoxidethickness.For instance,if thevolumeof thesimulation
domainis 1 � m� andthegateoxidethicknessis 5 nm 8 billon cellswerenecessaryto
discretizethesimulationdomain,while theerroris still not lessthan10%.

A way to reducethememoryrequirementis to usemoreadvanceddiscretizationmeth-
ods than a simple regular grid. A bucket octreebasedrepresentationcould be the
methodof choice,but it still suffers from the fact that the discreterepresentationis
normally not compatibleto the polygonalbaseddataformat of othersimulatorsused
for semiconductorprocesssimulation.As a consequence,severalconversionsbetween
thecellularandthepolygonaldataformatarenecessary, if thecellularbasedsimulator
is integratedinto aprocessflow. Errorsof theorderof theresolutionof thecellularrep-
resentationareintroducedby eachconversion.As alreadymentioned,smallstructures
(especiallythin layers)presentin thesimulationdomainmaybeseriouslymodifiedor
evenget lost in the worstcase,althoughfor instance,not evensmallmodificationsof
thegateoxidethicknessaretolerable.

We presentanadvancedhybridcellularapproachwhich attacksthediscretizationerror
problemfrom two sides. On the onehandsidewe avoid a discretizationof the com-
pletesimulationdomainby restrictingthe descritizationto a layer aroundthe surface
attackedby thetopographyprocessandon theotherhandsidetwo levelsof cell reso-
lution areused.Both measuresgive a highercellular resolutionresultingin a smaller
discretizationerror.
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2 Internal Data Representations
During the simulationtwo internaldatarepresentationsareused. The coreof the to-
pographysimulatoris basedon a regulargrid layedover thewholesimulationdomain.
Eachcell definedby thisgrid eithercancontainmaterialinformationor anotherregular
grid definingrefinedcells. Note that no physicalmemoryis associatedwith this grid
at thebeginning. Justduring thesimulationthematerialinformationis generatedand
storedon grid cells.

The topologyof the completesimulationdomainis storedseperatelyin the so called
Wafer State Server [3]. This Wafer State Server holdsthestructureof thesimula-
tion geometryin a thetrahedralvolumemeshdiscretizedformatandprovidesfunctions
to comfortablyaccessinformationaboutthesimulationdomain.Therebymaterialcells
usedby the topographysimulatorcanbe easilygeneratedduring the simulation. To
achieveanaccaptableaccesstime themeshis storedonafinite octreeinsidetheWafer
State Server.

3 Topography Process
First theuppersurface(surfaceattackedby the topographyprocess)of thesimulation
domainis extractedby the Wafer State Server anddiscretizedpointwise. Around
eachdiscretizedpoint, refinedtopographysimulatorcells (called refinedcell in the
following) aregenerated.The materialtype of the cells is determinedby the Wafer
State Server andasa consequencethe sizeof the structuringelement[2] relatedto
eachcell placedat a materialinterface.

After settingup thediscretizedsurfacethe topographyprocessis performed.Thereby
all previously determinedstructuringelementsareappliedto the simulationdomain.
All cellscoveredby thesmallestrectangularprismscontainingthestructuringelements
aredefinedat that time. Defininga cell meansthatmemoryis allocatedfor thecell if
necessaryandall the informantionstoredon the cell is preparedby the Wafer State
Server. This procedureis indicatedby thegrayareain Fig. 1. All cellscontainingthe
surface,thefront of thetopographyprocessandinterfacesbetweendifferentmaterials
areadditionallyrefined(asindicatedfor thesurfacecells in Fig. 1) to further increase
theresolutionin suchsensitiveareas.

Thesimulationproceedssimilar asin theclassicalcellularapproach,meaningthat the
material type of all cells attacked by the topographyprocessis changedduring the
simulation.Theonly differencesto theclassicalapproacharethat
� memoryis successively allocatedwhenever a cell is attackedoutsideof anallo-

catedmemoryarea.
� cellscloseto theprocessfront (e.g.etchfront) becomerefinedcells.
� cells moving away from the processfront areconvertedbackto simplecells if

they containrefinedcellsjust of onematerialtype.

Theuseof a two level cell resolutiondoesnotonly savememorybut alsoincreasesthe
performanceof thesimulation,becausegenerallyeachcell hasto becheckedwhetherit
is insideor outsideof astructuringelementin orderto determineif thematerialtypeof
acell hasto bechanged.If acell which is not refinedis completelycontainedwithin or
outsideof thestructuringelement,its subcellsneednotto bechecked.Thissignificantly
reducesthenumberof testoperations,if thesizeof theunrefinedcells is smallerthan
thesizeof thestructuringelement.
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Fig. 1: Illustrationof thedescretizationprocedure.

4 Post Processing
After completingthe topographysimulationthe topologyof the modifiedsimulation
domainhasto begenerated.Thereforea triangulatedrepresentationof theetchfrontis
determinedfrom thecellulardatastructure,simplyby generatingtwo trianglesfrom all
interfacesbetweena materialcell andvacuumcells. Sinceall cells aroundthe front
of the topographyprocessarerefinedcells just triangleswith half theareaof oneside
of a refinedcell aregenerated.In orderto reducethehugenumberof trianglesandto
improvethequalityof thetriangulatedfront two postprocessingroutinesareapplied.

Ontheonehandsidethemanhattenlikestructureis smoothedby projectingeachpoint
into aplanewith theminimumdistancefrom pointssurroundingthepointwhichhasto
beprojected.By restrictingtheoffsetdueto projectionto thehalf lengthof thediagonal
of a refinedcell the generationof illegal structures(intersectingtriangles)is avoided.
Therebytheanglebetweentriangleswhichshouldbecoplanaris madequitesmall.

Ontheotherhandsidethenumberof trianglesis reducedby removing edges[4] which
aresurroundedjustby approximatelycoplanartriangles(theanglebetweenthetriangles
is below a minimumtolerableangle).Thenumberof trianglesis usuallysignificantly
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reducedand,additionally, morevestigesof themanhattenlike structureareremoved.

Finally anew waferhasto besetupwhichcontainsall theinformationavailablebefore
thetopographyprocess,modifiedjust by theeffectsof thetopographyprocess.At that
point the major advantageof couplingthe topgraphysimulatorwith the Wafer State
Server showsup. During thesimulationtheWafer State Server keepstrackof mesh
elementattackedby thetopographyprocess.TherebytheWafer State Server finally
knowswhichsegmentshavebeenattackedby thetopographysimulationandjust these
segmentsaremodified. Themodificationis performedby constructingnew segments
from theold onesby cuttingthesegmentsurfaceswith theetchfront andremeshingthe
resultingtopography. This procedureis schematicallydepictedin Fig. 2. In caseof a
depositionsimulationnoexistingsegmentshaveto bemodified.Justnew segmentsare
createdby meshingthespacebetweentheinitial wafersurfaceandthefinal deposition
fronts. Worth mentioningis thatmorethanonefront mayhave beengeneratedduring
thesimulationdueto theformationof voids.
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Fig. 2: Illustrationof themodificationof thewaferstatedatadueto theetchprocess.

5 Conclusion
We have presenteda methodfor the simulationof etchingand depositionprocesses
which makes useof the robust cellular algorithm. The new methodovercomesthe
problemof conversionerrorswhena cellularbasedsimulatorinteractswith simulators
basedonpolygonaldatastructures.Additionally thememoryrequirementis drastically
reducedsothatalsolargestructurescanbesimulatedwith sufficiently high resolution.
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