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Abstract

Wepresentthree-dimensionallinkedreac-
tor/feature scalesimulationsfor integrated
PVD/CVDdepositionsequencesappliedto
metalstack plug-fills. Monte-Carloparticle
distributionsaswell asCVDequipmentsim-
ulationshavebeenincorporatedinto three-
dimensionalprofile evolution.

1. Intr oduction

For wafer sizes ranging up to 300mm
yield and quality issuesbecomeincreas-
ingly determinedby the uniformity of the
processesacrossthe wafer. This is espe-
cially important for the formation of con-
tactswhich are usually fabricatedas com-
poundsof differentlayersin orderto fulfill
the long list of requirementslike low con-
tact resistivity, metallurgical isolation,pro-
tection from aggressive reactantsof subse-
quentprocesssteps,sufficientadhesion,and
leakagefree film formationaswell asvoid
freefilling.

In order to include uniformity aspects
into the feature scale profile evolution,
the integration of resultsfrom simulations
on equipmentscale is necessaryfor low-
pressureand for high-pressureprocesses.
Thesetwo typesof processesaredetermined

by different transportmechanisms.There-
fore they require different models for the
particle transportboth on equipmentand
featurescaleand different integration ap-
proaches.Thepresentationof thefull scale
integratedmodelfor low- andhigh-pressure
processesis thepurposeof thisarticle.

2. Low-PressureProcesses

Theprofileevolutionof ballistic transport
determinedlow-pressureprocessessuchas
sputterdeposition,is predominantlydeter-
minedby thedistributionof theparticlesim-
pinging on the wafer surface. Taking into
accountvisibility conditions,the local de-
position rate is given as integration of the
distribution function
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where � � is thenominalratefor a flat wafer
completelyvisible to theparticlesource.

�
is a normalizingfactorand
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thevis-

ibility functionwhich is either1 for visible
directionsor 0 for shadowedones.

Starting point for the reactor/feature
scale integration for low-pressure pro-
cessestherefore is the distribution func-
tion
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. Fig. 1 shows how the distri-

bution of the particlesarriving at different
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positions on the wafer is determinedby
the angularemissioncharacteristicsof the
target material and the radially varying
emissionintensity which can be measured
by meansof thetargeterosionprofile.

2.1. Analytical Fitting Functions
Thefirst integrationstepis theuseof dis-

tributionsresultingfrom MonteCarlo(MC)
simulations of sputtering particle trans-
port [1]. Fig. 2 shows how an exponen-
tial function f �hgYiKj�kml is usedin orderto fit
theparticledistributionsresultingfrom MC
simulationsfor differentpressures.
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For a centerwafer position,
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can

be consideredas radially symmetric. For
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a peripheralposition the origin of the dis-
tribution function hasto be shiftedandthe
distribution functionhasto bescaledin or-
derto accountfor thechangedintensityand
particle distribution. How this is donefor
the given exponentialfunction is shown in
Fig. 3.

2.2. Monte Carlo Simulations
Besideanalytical functionsusedfor the

approximationof particle distributions im-
pinging on the wafer, it is alsopossibleto
include fully three-dimensionalfluxes re-
sulting from MC particle transportsimula-
tors like SIMSPUD [2]. Theseprograms
accountfor experimentallymeasuredtarget
erosionprofiles and calculateparticle col-
lisionsaccordingthe theprevailing process
pressureandtemperaturefor specifiedposi-
tionson thewafer.

Fig. 4 depictsthe polar plot of particle
distributionsresultingfrom SIMSPUDsim-
ulations. The upperplot shows an almost
radially symmetricdistribution resultingat
a centerwaferpositionwith anaverageaz-
imuthal incidencedirectionof
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For the peripheralpositiondepictedbelow,
which is shifted 72mm off the wafer cen-
ter,

�2�¥�� 
equals ¨Z¢T¡8©>n . This clearly reveals

thatthemaindirectionof particleincidence
is tilted from theverticaldirection,indicated
in theplot by thesolid line.
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Thecorrespondingsputterdepositionpro-
files for a cylindrical via usingthedistribu-
tions from Fig. 4 aregiven in Fig. 5. The
upperfiguremirrors the radially symmetric
profileatthecenterwaferposition.Thepro-
file below at theoff centerpositionnot only
exhibits asymmetricand irregular sidewall
thicknessesbut also a strongly asymmetri-
calprofile at thebottomof thevia.

3. High-PressureProcesses

High-pressureCVD processesare deter-
mined by diffusion of the reactantsand
by chemical gas phaseand surface reac-
tions. The equationswhich determinethe
model for the rate calculationare summa-
rized in the sketchin Fig. 6. The complete
modelfor the three-dimensionalsimulation
of thesecontinuumtransportand reaction
determinedhigh-pressureCVD processesis
presentedin [3].
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Reactorscalesimulationsasfeasiblewith
programslike FLUENT1 are linked to the
featurescaleprofile evolution by settingthe
Dirichlet boundariesat thetopof thefeature
scalesimulation domain accordingto the
concentrationsresultingfrom theequipment
level simulation.Fig.6 showsthe Ð �$Ñ

con-
centrationfor a tungstenCVD processand
symbolizesthe link from reactorto feature
scale.

4. Results

We have applied the multi scale depo-
sition modelspresentedabove to the sim-
ulation of a metal stack gap-fill of a lo-
cal interconnect(Fig. 7). As presented
in [4] the four stepprocessconsistsof Ti
andTiN PVD films followed by TiN CVD
(TDEAT/ammonia)andW bulk (reduction
of Ð �$Ñ

with Ò � ). The layersaredeposited
into a trenchcontainingaspacerstructure.
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We have simulatedseveral positionson

thewaferusingtheresultsfrom SIMSPUD
andFLUENT simulationsasboundarycon-
ditions for the profile evolution. It turned
out thatdueto theshadowing effectsfor the

1SeeÞ9ß9ß§à$á¥â§â!ã9ã9ã$äTå?æ!çCè�éWß(ämê!ë�ìPâ .

particlestraveling in line-of-sight the PVD
layersexhibit the most pronounceddiffer-
enceswhereasthe conditions for the two
CVD layersaresufficiently uniform across
thewafer.

5. Conclusion

We havepresentedanintegrated
Ú¦Ü

PVD,Ú¦Ü �
PVD,

Ú¦Ü �
CVD, and Ð CVD depo-

sition sequenceappliedto a tungstenmetal
stack plug-fill. Both low-pressurePVD
as well as high-pressureCVD partsof the
profile evolution have been coupled with
simulation results obtainedon equipment
scale. It was possibleto assignthe non-
uniformitiesin thefilm thicknessto thedif-
ferentstepsforming theoverall metalstack
for theplug-fill.
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