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Introduction

Chemicd vapor depasition (CVD) films are widely used
to make Very Large Scde Integrated Circuits (VLSIs). For
optimum VLS| performance, predse antrol of both film
thickness and composition is required. Numericd
simulations can be used to spedfy read¢or geometry and
operating conditions to optimizethese film parameters. For
this purpose, we ssimulated CVD processes and determined
the dfed of the gas outlet position and abnormal gas
inflow conditions on the radia distribution of the film
deposition rate, composition, and uniformity.*® In this
work we simulated the dfect of gas inflow and outlet
position locaed at the bottom or in the sidewall of the
reacor, with the objedive of obtaining uniform film

properties.

Experimental M ethod

CVD of tungsten silicide (WSiy) films is used to make
low-resistance gate eledrodes in VLSIs. We used
WFg/SiH, CVD to deposit WSy films on Si wafers. We
used a 250mm-diameter cold-wall, single-wafer type
reador with 130mm-diameter wafers, a gas volumeratio of
WF4:SiH4:Ar = 1:100500, gas velocity of 1 m/s and a
deposition temperature of 300°C. For agas inlet 68 mm in
radius and the gas outlet position located at the bottom of
the reador, simulated deposition rates and film
composition were within 5% of measured values” This
close ommparison validated the acaracy of our model. We
then used this model to simulate film depasition rates and
compasition for other inlet and autlet conditi ons.

Numerical M odel

We modeled the CVD system using commercialy
available computational fluid dynamics (CFD) software,
FLUENT Ver. 4.5 (Fluent Inc.). We represented the reac¢or
using cylindricd coordinates. We solved for the velocity
and temperature distributions, and to determine the radial
distribution o the film thickness and compasition, we
solved mass transport equations, including the effed of
gas-phase and surface readions on the Si substrate. The
film-formation readion model was developed by analyzing
the readion kinetics for a smplified reador. The model
included aradicd chain readion model. *°

We made simulations for the following conditions: gas
inlet radii of 48, 52, 56, 60, 64, 68, 72, 76, and 78 mm and
gas outlets located either at the bottom or in the sidewall of
thereador.

Results

Although we made simulations for a variety of inlet radii
and for two outlet positions, we only show the results for
the conditions that yielded the most uniform films in the
radial diredion. The simulated film deposition rate ad
compasition distributions are shown in Figs. 1 and 2
respedively, for a gas inlet radius of 68 mm and with the
outlet in the sidewall. An index of distribution of the radia
deposition rate can be expresed as (maximum rate —
minimum rate)/ (average rate), and a similar index can be
defined for the film compasition as (maximum composition
— minimum composition)/ (average mmposition). For an
inlet radius of 68 mm, the simulated radial indices were

0.6% and 0.2% for the film deposition rate and composition,

respedively, wheress the measured indices of the

Deposition Rate [nm/s]

experimental film deposition rate axd compaosition were
15% and 4%, respedively.

To obtain uriform radial distributions of film depasition
rate and composition, there is an optimum gas inlet
diameter and gas outlet. CFD-based simulations can be
used to ogimize such parameters. The results shown here
indicae how such simulations can be used to optimize
CVD designand operating conditions.
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Fig. 1. Influence of gas inlet radius on radial distribution
of CVD WS, film deposition rate.
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Fig. 2. InflCRHRE A Fikt radius on radial distribution
of CVD WS, film composition.
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