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Extensive Molecular Orbital (MO) calculation revealed that dissociative adsorption of SiHF3 to SiF3 and H at active

surface sites is the substantial rnechanism in surface-site-blocking model, which is implied by the gowth rate reduction in
W-CVD (Chemical Vapor Deposition) when product gas SiHF3 is added to the source gases WF6 and SiH4. Film profile

calculation with the model derived ftom MO calculation showed that dissociative adsorption of SiIIF3 Plays determinant role

in filling micro scale features.

1. Introduction

It is well known that W-CVD using WFO and SiH4 give
rather poor step coverage in filling contact holes and

trenchesl). This fact has been explained as reverse reaction in
feature, but the reverse reaction rate was used in the

framework of fitting parameter2). Recently, other experiment
showed that addition of product gas SiHF3 to source gases

reduces film growth rate, and surface-site-blockingl) model
was proposed in which adsorbed SiHF3 blocks surface sites

otherwise used for deposition reaction. Although this model
is expected to relate poor step coverage with SiHF3 in micro
scale features, no molecular picture of adsorption, the
substantial mechanism in this model, has been proposed
from the consideration based on theoretical analysis.

In this work, we canied out MO calculation in order to
make clear this molecular picture of adsorption, in other
words, dissociative adsorption of SiHF3. And we also
performed film profile calculation in micro scale features
with the model derived from the calculation above in order to
obtain characteristics of this CVD process.

We used ab initio MO program HONDOT which can give
molecular adsorption energy with chemical accuracy.
Summary of calculation is shown in Table l. Tungsten
surfaces were modeled by W clusters, which correspond to
step or kink, important sites for film deposition reactions.

The dissociative adsorption mechanism obtained is shown
in Fig. l. Total dissociation process is thought to be
composed of two elementary dissociation steps, with in each
step one chemical species dissociates into two sub-species.
Although dissociative adsorption on terrace is not
energetically favorable3), out results show that it can occur
at step and/or kink.

2. Dissociative Adsorption Mechanism of SiHF3 R= krPr,ro
Analyzed by MO calculation

is the dissociative adsorption of SiHF3 into two adsorbates,

SiF3 and H (state B). Though state D is energetically most

stable, it is derived only from the state A which is less

stable than B. We think the second path is major reaction
and this two-site-blocking process is substantial mechanism
in surface-site-blocking model in W-CVD.

3. Role of SiHF3 Dissociative Adsorption in
Filling Features

We have developed 2D-film profile simulator based on

Ballistic Transport and Reaction Model (BTRM) 4) and we
improved the model so that the redistribution and re-
adsorption of product gas can be incorporated. We used two
types of rate equations. One is in accordance with two-site-
blocking model derived from MO calculation and the other is
first-order rate equation of source gas SiH4 (conventional

model ). Each rate equation is shown as follows:

l+lc"

The calculated profiles are shown in Fig.2. Film profile
with our model shows much poor coverage than with
conventional model to give good agreement with
experimental result.

The calculated equilibrium flux distribution of gases in
trench are shown in Fig.3. Although the flux of source
gases, WF6 and SiH4, decrease along the side wall from top

to bottom because of the gas consumption during deposition
reaction, the change is very little and the flux difference
between the two models is less than one percent. This means

the sticking coefficients of the sources gases are very small
in this CVD condition.

(1)

(2)

considering the stability of adsorption states in energy and ., on the other hantl' the flux of ptoduct gases' siHF3 and

stoichiomeiy for adsortiates, only-thei*o t"u",ion pu?frr ri H2, largely increases as the vertical position becomes lower

possible. Thi first path (dotted line in Fig.l ) consisis of two be..ouse the gases are mainly emitted-from walls and bottom,

iteps. The product'go, SiUf3 fitst aisso"latively adsorbs on and the flux with our model is 10 - 20 % smaller than with

the surface to give two adsoibates, SiHFZ and i(adsorption conventional model. This result shows that with out model,

state A). one of the adsorbate s[rr, ,rr""" oi.roai*ar i"a th-e siHl3 within the trench reduces the growth rate because

SiHF and F (state D). The t".ono poittitojiOli". i" eie.il of the dissociative adsorption' and thus reduced the amount

krPr,ro
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of product gases during the deposition reaction to give poor
step coverage.

4. Conclusion

With extensive MO calculation, we revealed that
substantial mechanism in surface-site-blocking model in
SiH4 reduced W-CVD, corresponds to dissociative adsorption
of product gas SiHF3 to SiF3 and H at active surface sites.
Along with MO calculation, film profile prediction and gas
flux distribution derived from it made us to conclude that
characteristics of this W-CVD should be attributed to
dissociative adsorption of product gas rather than previously
reported reverse reaction.
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Table I Summary of MO calculations for dissociative adsorption of SiFIF3 .

Plausible adsorbates and their optimized structures are tabulated.

W and W2 designate on-top site and bridge-site at tungsten surface, respectively.

* conesponds to the height of Si position from surface.

Fig. I Dissociative adsorption mechanism of product gas SiHF3 in W-CVD ascertained

by MO theory . Major adsorption path leads to two-site-blockage by SiF 3 and H.
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Fig. 2 Effect of dissociative adsorption of product gas SiHF3 on frlm profile in W-CVD.

(a) With rate equation in proportional to SiH4 pressure (conventional model)

(b) With rate equation based on two-site-blocking reaction scheme revealed in this study.

Growth rate R is formulated as

R= k fx n 4l ll+k 2(Psiur3; 1/21.

(c) Experimentally observed film profile obtained at process condition:

PSiH4=25mTorr, PwF6=45mTorr, and Temperature = 350 C. ( ref.l)
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Fig. 3 Equilibrium flux distribution along side wall witnin trench in W-CVD .

(a) Source gases: WF 6 and SiH4
(b) Product gases: SiHF 3 and H2
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