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Abstract

For the simulationof etchinganddepositionprocessethe cellularmethodis very
popular becauseof its high robustnesscomparedo alternatve methodslike the
level setor themoving boundaryapproachWe presentamethodfor the simulation
of topographyprocessebaseddn the cellular methodthat overcomeshe problem
of lossof informationwhenusinga cellular basedsimulatorin combinationwith

simulatorsusing polygonaldatarepresentationsAdditionally the nev methodal-

lows to increasehe resolutionof the topographysimulatorwithout a significantly
highermemoryrequirement.

1 Introduction

For three-dimensionasimulation of etchingand depositionprocessegellular based
algorithms[1] [2] have advantagego polygonalbasedalgorithmsandlevel setalgo-
rithmsdueto their high robustnessFor instancetheformationof voidswhichis avery
seriousproblemfor polygonalbasedalgorithmsis implicitly handled .Neverthelesshe
majordrawbackof the cellularbasedsimulatorss the cellulardataformat. On the one
handsidethe cellularresolutionis not very high becausehe memoryrequirementin-
creaseslramaticallyby choosinga higheraccurag. But whenatopographysimulator
is appliedto front endprocessimulationalsothin layerslik e the gateoxidein a MOS
transistothaveto beresohedaccurately This meanghatthecell sizeshouldbe smaller
thanonetenthof the gateoxidethickness For instancejf thevolumeof thesimulation
domainis 1 pm? andthe gateoxide thicknessis 5 nm 8 billon cells werenecessaryo
discretizethe simulationdomain,while theerroris still notlessthan10%.

A wayto reducethememoryrequirements to usemoreadvanceddiscretizatiormeth-
ods than a simple regular grid. A bucket octreebasedrepresentatiortould be the
methodof choice,but it still suffers from the fact that the discreterepresentatioiis
normally not compatibleto the polygonalbaseddataformat of othersimulatorsused
for semiconductoprocessimulation.As a consequenceeveral corversionsbetween
thecellularandthe polygonaldataformatarenecessaryf thecellularbasedsimulator
is integratedinto a procesdlow. Errorsof theorderof theresolutionof the cellularrep-
resentatiorareintroducedby eachcorversion.As alreadymentionedsmall structures
(especiallythin layers)presenin the simulationdomainmay be seriouslymodifiedor
evengetlostin the worst case althoughfor instance not even small modificationsof
thegateoxidethicknessaretolerable.

We presentanadwvancedhybrid cellularapproactwhich attacksthe discretizatiorerror
problemfrom two sides. On the one handsidewe avoid a discretizationof the com-
plete simulationdomainby restrictingthe descritizationto a layer aroundthe surface
attacled by the topographyprocessandon the otherhandsidetwo levels of cell reso-
lution areused. Both measuregive a highercellular resolutionresultingin a smaller
discretizatiorerror.
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2 Internal Data Representations

During the simulationtwo internaldatarepresentationare used. The core of the to-
pographysimulatoris basedn aregulargrid layedover thewhole simulationdomain.
Eachcell definedby this grid eithercancontainmaterialinformationor anotheregular
grid definingrefinedcells. Note that no physicalmemoryis associatedvith this grid
atthe beginning. Justduring the simulationthe materialinformationis generatednd
storedon grid cells.

The topology of the completesimulationdomainis storedseperatelyin the so called
Wafer State Server [3]. This Wafer State Server holdsthe structureof the simula-
tion geometryin athetrahedralolumemeshdiscretizedormatandprovidesfunctions
to comfortablyaccessnformationaboutthe simulationdomain.Therebymaterialcells
usedby the topographysimulatorcan be easily generatediuring the simulation. To
achieve anaccaptableccessime themeshis storedon afinite octreeinsidethe Wafer
State Server.

3 Topography Process

First the uppersurface(surfaceattacled by the topographyprocess)pf the simulation
domainis extractedby the Wafer State Server anddiscretizedpointwise. Around
eachdiscretizedpoint, refinedtopographysimulator cells (called refined cell in the
following) are generated.The materialtype of the cellsis determinecby the Wafer
State Server andasa consequencthe size of the structuringelement[2] relatedto
eachcell placedat a materialinterface.

After settingup the discretizedsurfacethe topographyprocesds performed.Thereby
all previously determinedstructuringelementsare appliedto the simulationdomain.
All cellscoveredby thesmallestectangulaprismscontainingthe structuringelements
aredefinedat thattime. Defining a cell meanghat memoryis allocatedfor the cell if
necessanandall the informantionstoredon the cell is preparedby the Wafer State
Server. This proceduras indicatedby thegrayareain Fig. 1. All cellscontainingthe
surface,the front of thetopographyprocessandinterfacesbetweerdifferentmaterials
areadditionallyrefined(asindicatedfor the surfacecellsin Fig. 1) to furtherincrease
theresolutionin suchsensitve areas.

The simulationproceedsimilar asin the classicalkcellularapproachmeaningthatthe
materialtype of all cells attacled by the topographyprocessis changedduring the
simulation.Theonly differencego the classicalapproactarethat

e memoryis successiely allocatedwheneer a cell is attacled outsideof anallo-
catedmemoryarea.

e cellscloseto the procesdront (e.g. etchfront) becomerefinedcells.

¢ cellsmoving away from the procesdfront are corvertedbackto simplecells if
they containrefinedcellsjust of onematerialtype.

Theuseof atwo level cell resolutiondoesnot only sasze memorybut alsoincreaseshe
performancef the simulation,becausgenerallyeachcell hasto be checledwhetherit
is insideor outsideof a structuringelementin orderto determinef the materialtype of
acell hasto bechangedlf acell whichis notrefinedis completelycontainedwithin or
outsideof thestructuringelementits subcelleednotto bechecled. Thissignificantly
reduceghe numberof testoperationsif the sizeof the unrefinedcellsis smallerthan
thesizeof thestructuringelement.
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Fig. 1: lllustrationof the descretizatioprocedure.

4 Post Processing

After completingthe topographysimulationthe topology of the modified simulation
domainhasto be generatedThereforea triangulatedrepresentationf the etchfrontis
determinedrom thecellulardatastructure simply by generatingwo trianglesfrom all
interfacesbetweena materialcell and vacuumcells. Sinceall cells aroundthe front
of the topographyprocessarerefinedcellsjust triangleswith half the areaof oneside
of arefinedcell aregeneratedIn orderto reducethe hugenumberof trianglesandto
improve the quality of thetriangulatedront two postprocessingoutinesareapplied.

Ontheonehandsidethe manhatterik e structureis smoothedy projectingeachpoint
into a planewith the minimumdistancefrom pointssurroundinghe pointwhich hasto
beprojected By restrictingthe offsetdueto projectionto thehalf lengthof thediagonal
of arefinedcell the generatiorof illegal structuregintersectingtriangles)is avoided.
Therebythe anglebetweertriangleswhich shouldbe coplanaris madequite small.

Ontheotherhandsidethe numberof trianglesis reduceddy removing edgeq4] which
aresurroundequstby approximatelycoplanatrianglestheanglebetweerthetriangles
is belov a minimumtolerableangle). The numberof trianglesis usuallysignificantly
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reducedand,additionally morevestigesf the manhatterik e structureareremoved.

Finally a new waferhasto be setup which containsall theinformationavailablebefore
thetopographyprocessmodifiedjust by the effectsof thetopographyprocessAt that
point the major advantageof couplingthe topgraphysimulatorwith the Wafer State

Server shavs up. During thesimulationthe Wafer State Server keepstrackof mesh
elementattacled by thetopographyprocess.Therebythe Wafer State Server finally

knows which segmentshave beenattacled by thetopographysimulationandjust these
segmentsare modified. The modificationis performedby constructingnenv sggments
from theold onesby cuttingthesggmentsurfaceswith theetchfront andremeshinghe
resultingtopography This procedures schematicallydepictedin Fig. 2. In caseof a

depositionsimulationno existing segmentshave to be modified. Justnew segmentsare
createdoy meshingthe spacebetweertheinitial wafersurfaceandthefinal deposition
fronts. Worth mentioningis thatmorethanonefront may have beengeneratediuring

the simulationdueto the formationof voids.
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Fig. 2: lllustration of the modificationof the wafer statedatadueto the etchprocess.
5 Conclusion

We have presenteda methodfor the simulationof etchingand depositionprocesses
which makes use of the robust cellular algorithm. The new methodovercomesthe
problemof corversionerrorswhena cellularbasedsimulatorinteractswith simulators
basedn polygonaldatastructures Additionally the memoryrequirements drastically
reducedsothatalsolarge structuresanbe simulatedwith sufficiently high resolution.
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