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Abstract

We presenthree-dimensiondinkedreac-
tor/featule scalesimulationsfor integrated
PVD/CVD depositionsequenceappliedto
metalstadk plug-fills. Monte-Carloparticle
distributionsaswell asCVD equipmensim-
ulationshavebeenincorporatedinto three-
dimensionaprofile evolution.

1. Intr oduction

For wafer sizesranging up to 300mm
yield and quality issuesbecomeincreas-
ingly determinedby the uniformity of the
processescrossthe wafer This is espe-
cially importantfor the formation of con-
tactswhich are usually fabricatedas com-
poundsof differentlayersin orderto fulfill
the long list of requirementdike low con-
tactresistvity, metallugical isolation, pro-
tectionfrom aggressie reactantof subse-
guentprocesstepssufiicientadhesionand
leakagefree film formationaswell asvoid
freefilling.

In order to include uniformity aspects
into the feature scale profile evolution,
the integration of resultsfrom simulations
on equipmentscaleis necessaryfor low-

pressureand for high-pressureprocesses.

Thesdwo typesof processearedetermined
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by differenttransportmechanisms.There-

fore they require different modelsfor the

particle transportboth on equipmentand

feature scale and different integration ap-

proachesThe presentatiorof thefull scale

integratedmodelfor low- andhigh-pressure
processess the purposeof this article.

2. Low-Pressue Processes

The profile evolution of ballistic transport
determinedow-pressureprocessesuchas
sputterdeposition,is predominantlydeter
minedby thedistribution of theparticlesm-
pinging on the wafer surface. Taking into
accountvisibility conditions,the local de-
position rate is given as integration of the
distribution functionF (¢, 1)

r= %024 F(p, ) e, 9)d2 (1)

wherer is the nominalratefor a flat wafer
completelyvisible to the particlesource.N
is anormalizingfactorandQ(¢p, ) thevis-
ibility functionwhichis either1 for visible
directionsor O for shadeved ones.

Starting point for the reactor/feature
scale integration for low-pressure pro-
cessesthereforeis the distribution func-
tion F(¢,4). Fig. 1 shavs how the distri-
bution of the particlesarriving at different
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Figure 1. Relation between emission char-
acteristics and incident particle distribu-
tions, shown by means of a sputter reactor.

positions on the wafer is determinedby
the angularemissioncharacteristicof the
taget material and the radially varying
emissionintensity which can be measured
by meansf thetargeterosionprofile.

2.1. Analytical Fitting Functions

Thefirst integrationstepis the useof dis-
tributionsresultingfrom Monte Carlo (MC)
simulations of sputtering particle trans-
port [1]. Fig. 2 shavs how an exponen-
tial function a¥3e=? is usedin orderto fit
the particledistributionsresultingfrom MC
simulationsfor differentpressures.
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Figure 2. MC and fitted angular particle

distributions for 0.5, 1.5, and 4.5 mTorr.

For a centerwafer position, F(¢,) can
be consideredas radially symmetric. For

Figure 3. F(ip, ) for a center (top) and an
off-center position (bottom) on the wafer.

a peripheralposition the origin of the dis-
tribution function hasto be shiftedandthe
distribution function hasto be scaledin or-
derto accounfor the changedntensityand
particle distribution. How this is donefor
the given exponentialfunction is shavn in
Fig. 3.

2.2. Monte Carlo Simulations

Besideanalytical functions usedfor the
approximationof particle distributions im-
pinging on the wafer, it is also possibleto
include fully three-dimensionafluxes re-
sulting from MC particle transportsimula-
tors like SIMSPUD [2]. Theseprograms
accountfor experimentallymeasuredarget
erosionprofiles and calculateparticle col-
lisions accordingthe the prevailing process
pressurendtemperaturdor specifiedposi-
tionson thewafer

Fig. 4 depictsthe polar plot of particle
distributionsresultingfrom SIMSPUDsIim-
ulations. The upperplot shavs an almost
radially symmetricdistribution resultingat
a centerwafer positionwith anaverageaz-
imuthalincidencedirectionof ¥¢.. = 1.01°.



Figure 4. MC simulations for a center (top)
and an off-center position (bottom).

For the peripheralposition depictedbelow,

which is shifted 72mm off the wafer cen-
ter, Ysrc €qualsh.12°. This clearly reveals
thatthe maindirectionof particleincidence
is tilted from theverticaldirection,indicated
in theplot by the solidline.
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Figure 5. Cross-sections of deposition pro-
files using the MC distributions from Fig. 4.

Thecorrespondingputterdepositiorpro-
files for a cylindrical via usingthe distribu-
tions from Fig. 4 aregivenin Fig. 5. The
upperfigure mirrors the radially symmetric
profile atthecentemnwaferposition. Thepro-
file below atthe off centerpositionnotonly
exhibits asymmetricand irregular sidewall
thicknessesut also a strongly asymmetri-
cal profile at the bottomof thevia.

3. High-Pressue Processes

High-pressureCVD processesire deter
mined by diffusion of the reactantsand
by chemical gas phaseand surface reac-
tions. The equationswhich determinethe
model for the rate calculationare summa-
rizedin the sketchin Fig. 6. The complete
modelfor the three-dimensionadimulation
of thesecontinuumtransportand reaction
determinechigh-pressur€VD processess
presentedh [3].
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Figure 6. Linked reactor/feature scale CVD
simulation.



Reactorscalesimulationsasfeasiblewith
programslike FLUENT?! are linked to the
featurescaleprofile evolution by settingthe
Dirichlet boundariestthetop of thefeature
scale simulation domain accordingto the
concentrationsesultingfrom theequipment
level simulation.Fig. 6 shavsthe WFg con-
centrationfor a tungstenCVD processand
symbolizesthe link from reactorto feature
scale.

4. Results

We have applied the multi scale depo-
sition modelspresentedabore to the sim-
ulation of a metal stack gap-fill of a lo-
cal interconnect(Fig. 7). As presented
in [4] the four step processconsistsof Ti
andTiN PVD films followed by TiN CVD
(TDEAT/ammonia)and W bulk (reduction
of WFg with Hs). Thelayersaredeposited
into atrenchcontaininga spaceisstructure.
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Figure 7. Ti PVD, TiN PVD, TiN CVD,
W CVD metal stack.

We have simulatedsereral positionson
the wafer usingthe resultsfrom SIMSPUD
andFLUENT simulationsasboundarycon-
ditions for the profile evolution. It turned
outthatdueto theshadaving effectsfor the

1Seehttp ://www.fluent.com/.

particlestraveling in line-of-sightthe PVD
layers exhibit the most pronouncedliffer-
enceswhereasthe conditionsfor the two
CVD layersare sufiiciently uniform across
thewafer

5. Conclusion

We have presente@nintegratedTi PVD,
TiN PVD, TiN CVD, andW CVD depo-
sition sequenceappliedto a tungstenmetal
stack plug-fill.  Both low-pressurePVD
aswell as high-pressureCVD partsof the
profile evolution have been coupled with
simulation results obtainedon equipment
scale. It was possibleto assignthe non-
uniformitiesin thefilm thicknesgo the dif-
ferentstepsforming the overall metalstack
for the plug-fill.
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