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High-Temperature Kinetics of AlCl 3 Decomposition
in the Presence of Additives for Chemical Vapor Deposition
Laurent Catoirea,z and Mark T. Swihart b,*
aLaboratoire de Combustion et Syste`mes Re´actifs-Centre National de la Recherche Scientifique
and University of Orleans, F-45071 Orleans Cedex 2, France
bDepartment of Chemical Engineering, The State University of New York at Buffalo,
Buffalo, New York 14230-4200 USA

A numerical study has been performed modeling the gas-phase reactions occurring during the chemical vapor deposition~CVD!
of alumina from AlCl3 /CO2 /H2 mixtures. The purpose is to answer whether and to what extent trends in the decomposition of
AlCl3 via gas-phase reactions can explain experimentally observed trends in CVD deposition of aluminum-containing films. The
AlCl3 decomposition is predicted to occur via a free-radical chain mechanism that, in the presence of H2 , has H atoms and the
AlCl2 radical as the primary chain carriers. We find that the present kinetic model predicts trends for the decomposition rate of
AlCl3 in the gas phase that are consistent with trends observed experimentally for the Al2O3 deposition rate. Based on these
results, the chemical kinetics model is used to study the effects on AlCl3 thermal decomposition of other additives~H2O2 , H2O,
O2 , Cl2! for which no experimental data are available in the literature. H2O2 is predicted to be a particularly efficient promoter for
AlCl3 thermal decomposition. The mechanism also predicts that the presence of AlCl3 dramatically increases the rate of H2O
production compared to H2O production from CO2 and H2 in the absence of AlCl3 .
© 2002 The Electrochemical Society.@DOI: 10.1149/1.1467366# All rights reserved.
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Aluminum trichloride (AlCl3) is a popular Al-containing precur
sor for the gas-phase combustion synthesis of particles and
chemical vapor deposition~CVD! of films and coatings. Dependin
on the material to be deposited, several gas mixtures have
considered. The CVD of alumina (Al2O3) has been realized with
various mixtures, but most frequently using AlCl3 /CO2 /H2 mix-
tures as presented by Lux and Schachner,1 Colmetet al.,2 Colombier
et al.,3 Baeet al.,4 and others. Recently, Schierlinget al.5 used the
AlCl3 /CO2 /H2 /HCl mixtures for the deposition of alumina, an
Nitodas and Sotirchos6 studied the codeposition of alumina an
silica using AlCl3 /SiCl4 /H2 /CO2 mixtures and CH3SiCl3 /AlCl3 /
CO2 /H2 mixtures.7

Although various effects of reactor conditions on the deposit
kinetics of alumina have been observed and reported in the ab
cited works and references therein, the fundamental gas-phase
surface chemistry occurring in these systems remains largely
studied. This is not surprising, since, on one hand, there is a lac
thermochemical and elementary kinetic data for reactions in
system and, on the other hand, the overall deposition proces
volves many homogeneous and heterogeneous reactions; it i
obvious which of these reactions control material growth rates
properties.

The aim of this paper is to study numerically the thermal deco
position of AlCl3 in the presence of various gaseous additives~H2 ,
HCl, CO2! at conditions~composition, temperature, and pressure! of
interest for CVD of alumina. In the present study, we confine
investigation to gas-phase chemistry only, though surface reac
are obviously also important and will be the topic of future studi
Rate parameters for a large number of gas-phase reactions have
computed or estimated based onab initio quantum chemical calcu
lations using transition state theory~TST! and unimolecular rate
theories. For reactions not studied byab initio methods, semi-
empirical techniques have been used to estimate rate param
This has allowed the construction of a detailed gas-phase rea
mechanism for this system and its use to simulate AlCl3 decompo-
sition as described above.
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Reaction Mechanism and Thermochemistry

Due to space limitations, it is not possible to list the comple
reaction mechanism, but it can be obtained from the authors u
request. This mechanism consists of 104 reversible chemical r
tions among 35 species. It is based on an Al/HCl submechan
proposed by Swihartet al.,8,9 primarily devoted to the combustion
of aluminum particles in HCl, and relevant reactions from the le
well-understood Al/C/O/Cl/H system. Some possible reactions
not included in the model, due to the lack of kinetic data and inf
mation on whether they can even occur, and this model canno
considered as final. In particular, pathways for the gaseous for
tion of alumina and nucleation of alumina particles are not includ
in detail. However, since the surface reactions are also not con
ered here, our goal here is not to examine the deposition rat
alumina in terms of alumina formation, but in terms of AlCl3 de-
composition rate. The question we attempt to answer here is whe
and to what extent trends in the decomposition of AlCl3 via gas-
phase reactions can explain experimentally observed trends in C
deposition of aluminum-containing films from it.

The CHEMKIN-II10 and SENKIN11 codes were used to integrat
the time dependent rate equations derived from the reaction me
nism for a well-mixed, batch reactor. The thermodynamic proper
for the Al-containing species have been calculated usingab initio
quantum chemical methods.12 All the data for the non-Al-containing
species have been taken from the CHEMKIN-II Library13 or from
the thermochemical tables of Burcat and McBride.14

Experimental Trends Rationalized by this Kinetic Model

Effect of the partial pressure of H2.—Hydrogen plays an impor-
tant role as it enhances the deposition rate of Al2O3 from
AlCl3-CO2 mixtures. The trends observed for the alumina depo
tion are expected to follow the trends predicted for AlCl3 decompo-
sition. This enhancing effect of H2 is predicted by the kinetic mode
under consideration, as shown in Fig. 1. For the mixture 2 m
AlCl3 1 2 mbar CO2 1 96 mbar Ar at 1323 K, AlCl3 decomposes
very little for times up to 4 s. For the mixture 2 mbar AlC3

1 2 mbar CO2 1 96 mbar H2 at 1323 K, AlCl3 decomposes more
significantly. Local sensitivity analyses show that several reacti
are responsible for the enhancing effect observed. Reaction
quences involved are

Initiation step H2 1 M ↔ H 1 H 1 M @1#
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Propagation step AlCl3 1 H ↔ AlCl2 1 HCl @2#

Propagation step AlCl2 1 H2 ↔ AlHCl2 1 H @3#

together with

Alternative initiation steps AlCl3 1 M ↔ AlCl2 1 Cl 1 M
[4]

H2 1 Cl ↔ HCl 1 H @5#

The influence of the H2 partial pressure on the Al2O3 deposition rate
from AlCl3 /CO2 /H2 mixtures has been experimentally shown
Schierlinget al.5 for five different mixtures~see Fig. 9 in Ref. 5!.
Increasing the H2 partial pressure in the feed gas increases the de
sition rate. The kinetic model predicts that the rate of decomposi
of AlCl3 is increased by increasing H2 partial pressure as shown i
Fig. 2 and 3 for two of the Schierlinget al. experimental mixtures,
one at 100 mbar total pressure, and the other at 1000 mbar
pressure.

Effect of the partial pressure of HCl.—Schierlinget al.,5 among
others, show that increasing HCl partial pressure leads to a dec
in the Al2O3 deposition rate~see Fig. 2 in Ref. 5!. The present
model predicts that the AlCl3 decomposition rate decreases if a s
nificant amount of HCl is present in the mixture as shown in Fig
A sensitivity analysis shows that HCl inhibits the AlCl3 thermal
decomposition by reacting with AlCl2 according to AlCl2
1 HCl ↔ AlCl3 1 H, i.e., AlCl3 is reformed by the reverse of Re
action 2 listed above. The inhibitory effect of HCl only becom
apparent at relatively large concentrations of HCl, since these l
concentrations are required to significantly shift the equilibrium
Reaction 2.

Effect of the partial pressure of AlCl3.—The rate of alumina
deposition is reported to rise with the AlCl3 partial pressure but to
become constant above a certain AlCl3 pressure.5 The reaction or-
ders with respect to AlCl3 were between 2 and 0.5 Figure 5 shows
that the AlCl3 decomposition rate increases as AlCl3 partial pressure

Figure 1. Calculated AlCl3 profiles for the mixture 2 mol % AlCl3

1 2 mol % CO2 in Ar ~full line! and for the mixture 2 mol % AlCl3

1 2 mol % CO2 in H2 ~dashed line!. Total pressure for both mixtures is 10
mbar and the temperature is 1323 K.
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increases. In fact, the situation appears complex as the app
reaction order evolves with time. However, the fact that the dep
tion rate increases as AlCl3 partial pressure increases can be e
plained based on occurrences in the gas phase. Note that if A3
decomposition were first order, all four curves in Fig. 5 would be
same. Thus, the reaction rate is more than first order in AlCl3 at

Figure 2. Calculated AlCl3 profiles at total pressure of 100 mbar and
1323 K for the mixtures: ~1! 0.1 mol % HCl1 1 mol % AlCl3
1 0.6 mol % CO2 1 2 mol % H2 in Ar; ~2! HCl, AlCl3 , and CO2 as in 1
1 7 mol % H2 in Ar; ~3! HCl, AlCl3 , and CO2 as in 11 20 mol % H2 in
Ar; ~4! HCl, AlCl3 , and CO2 as in 11 50 mol % H2 in Ar; and ~5! HCl,
AlCl3 , and CO2 as in 1 in H2 .

Figure 3. Calculated AlCl3 profiles at total pressure of 1000 mbar and
1323 K for the mixtures:~1! 0.8 mbar HCl1 0.8 mbar AlCl3 1 5.2 mbar
CO2 1 6 mbar H2 in Ar; ~2! HCl, AlCl3 , and CO2 as in 11 40 mbar H2 in
Ar; ~3! HCl, AlCl3 , and CO2 as in 11 90 mbar H2 in Ar; and ~4! HCl,
AlCl3 , and CO2 as in 11 384 mbar H2 in Ar.
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short times and at low AlCl3 concentrations, but less than first ord
in AlCl3 at higher AlCl3 concentrations and at longer times.

Effect of the partial pressure of CO2.—Schierling et al.5 ob-
served that increasing the CO2 partial pressure increases the Al2O3
deposition rate. Nitodas and Sotirchos6 show that, depending on th
values of the other operating parameters, an increase in the2
mole fraction may increase, decrease, or have no effect on the d

Figure 4. Calculated AlCl3 profiles at total pressure of 100 mbar and
1323 K for the mixtures:~1! 0.06 mbar HCl1 1.3 mbar AlCl3 1 4 mbar
CO2 1 60 mbar H2 in Ar; ~2! H2 , AlCl3 , and CO2 as in 11 0.5 mbar HCl
in Ar; and ~3! H2 , AlCl3 , and CO2 as in 11 26 mbar HCl in Ar.

Figure 5. Calculated AlCl3 profiles at total pressure of 100 mbar and
1323 K for the mixtures:~1! 0.3 mbar HCl1 1 mbar AlCl3 1 4 mbar
CO2 1 60 mbar H2 in Ar; ~2! 0.3 mbar HCl1 5 mbar AlCl3 1 4 mbar
CO2 1 60 mbar H2 in Ar; ~3! 0.3 mbar HCl1 9 mbar AlCl3 1 4 mbar
CO2 1 60 mbar H2 in Ar; and ~4! 0.3 mbar HCl1 18.7 mbar AlCl3
1 4 mbar CO2 1 60 mbar H2 in Ar.
o-

sition rate. Figure 6 shows that the AlCl3 decomposition rate is no
strongly influenced by the CO2 mole fraction. However, for the
corresponding Al2O3 deposition rate reported by Nitodas and Sot
chos~see Fig. 6 in Ref. 6!, the promoting effect of the CO2 partial
pressure on the alumina deposition rate was relatively weak. In
case, an increase by a factor of 6.6~up to 24 mol %! in the partial
pressure of CO2 led to an increase in the alumina deposition rate
only a factor of 1.5. One can also interpret this result as indica
that the effect of CO2 concentration on alumina deposition is n
due to reactions in the gas phase, or that it is due to gas-p
processes, such as the rate of H2O production, that are not directly
reflected by the rate of AlCl3 decomposition.

Effect of the temperature.—Experimentally, an increase in tem
perature increases the Al2O3 deposition rate. Figure 7 shows that,
expected, an increase in temperature also increases the pred
AlCl3 decomposition rate.

Summary of Gas-Phase AlCl3 ÕCO2 ÕH2 ÕHCl Chemistry

Schierling et al. in their recent publication recognized that th
details of the gas-phase chemistry in this system remain to
investigated.5 Based on the consistency of the present model wit
variety of experimental observations, we now apply this mode
attempt to understand what happens in the gas phase.

It has been widely proposed that the CVD of alumina fro
AlCl3 /H2 /CO2 mixtures follows the following overall equations

Gas reaction H2~g! 1 CO2~g! ↔ H2O~g! 1 CO~g! @6#

Surface reaction 2AlCl3 1 3H2O ↔ Al2O3 1 6HCl @7#

Nevertheless, the present kinetic model predicts that at the temp
ture of about 1300-1350 K, the H2 /CO2 reaction, in the absence o
AlCl3 , does not produce water in significant amounts even a
very long reaction times of several tens of seconds. In fact, g
phase formation of significant amounts of water in a reasona
reactor residence time at these temperatures requires the prese
AlCl3 , as shown in Fig. 8. Therefore, the kinetics in the gas ph
are not as simple as those of the single Reaction 6 above, an
consider them in more detail here.

Figure 6. Calculated AlCl3 profiles at total pressure of 100 torr and at 127
K for the mixtures:~1! 1.2 mol % AlCl3 1 3.5 mol % CO2 in H2 ; ~2! 1.2
mol % AlCl3 1 10 mol % CO2 in H2 ; and ~3! 1.2 mol % AlCl3
1 24 mol % CO2 in H2 .
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Local sensitivity analyses have been performed for all the s
cies for the representative mixture 0.8 mbar AlCl3 1 0.8 mbar
HCl 1 5.2 mbar CO2 1 384 mbar H2 in Ar ~see Schierlinget al.5!
at 1000 mbar total pressure and 1323 K. These sensitivity anal
show that AlCl3 disappears principally through Reaction 2. The
atoms being initially produced by the Reaction 1~see Fig. 9!, and
later by Reaction 3 and

AlHCl2 ↔ AlCl2 1 H @8#

Note that Reaction 8 serves as a chain branching step in the
radical decomposition of AlCl3 , since it converts a molecular prod
uct of a propagation step (AlHCl2) into two free-radical chain car
riers ~AlCl2 and H!.

Figure 7. Calculated AlCl3 profiles at total pressure of 100 mbar for th
mixture 0.1 mol % HCl1 1 mol % AlCl3 1 2 mol % CO2 1 60 mol % H2
in Ar at ~1! 1359 K, ~2! 1323 K, ~3! 1228 K, and~4! 1187 K.

Figure 8. H2O profile formed in the mixture at 1000 mbar total pressure a
1323 K: ~1! 5.2 mbar CO2 1 384 mbar H2 in Ar, and ~2! 5.2 mbar CO2
1 384 mbar H2 1 0.8 mbar AlCl3 1 0.8 mbar HCl in Ar ~mixture from
Ref. 5!.
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Water formation is predicted to occur primarily by the reactio

AlO 1 H2 ↔ Al 1 H2O @9#

AlO is formed by the reactions~see Fig. 10!

OAlCl 1 H ↔ AlO 1 HCl @10#

Al 1 CO2 ↔ AlO 1 CO @11#

OAlCl is mostly formed by

AlCl 1 CO2 ↔ OAlCl 1 CO @12#

AlCl is formed by the sequence Reaction 3 followed by

AlHCl2 ↔ AlCl 1 HCl @13#

The formation of water is potentially of importance as it is genera
believed that alumina is formed through the global surface Reac
7. As stated above, the present work predicts that water is for
primarily via Reaction 9, and the reaction sequence

CO2 1 H ↔ CO 1 OH @14#

followed by

H2 1 OH ↔ H2O 1 H @15#

~globally the water shift reaction! appears to be unimportant. It
removal from the kinetic model does not appreciably change
computed water concentration profiles.

It is known that the reverse of Reaction 14 (CO1 OH → CO2

1 H) occurs as a chemically activated reaction, and exhibits p
sure dependence. Therefore, we initially used a Lindemann tr
ment of this pressure dependence with the rate constantsk` ~high-
pressure limiting rate constant! and k0 ~low-pressure limiting rate
constant! calculated by Larsonet al.15 However, above 1090 K
in the pressure range 0.19-0.82 atm, Wooldridgeet al.16 did not
observe any measurable pressure dependence and propos
pressure-independent rate constantk (cm3 mol21 s21) 5 2.12
31012 exp(22630/T) for this reaction. Wooldridgeet al. also

Figure 9. Sensitivity plot for H: ~a! H2 (1M) ↔ H 1 H(1M), ~c!
AlHCl2 ↔ AlCl2 1 H, ~d! AlCl3 1 H ↔ AlCl2 1 HCl, and ~f! AlHCl2

1 H ↔ AlCl2 1 H2 .
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showed good agreement of their experiments with the treatment
lowed by Larsonet al.15 The use of the rate constant of Wooldridg
et al.16 slightly extrapolated to 1 bar in the kinetic model leads
the conclusion that water is formed competitively through the re
tion sequence given above~Reactions 9-13!, and the following se-
quence of Reactions 14 and 15 followed by

HCl 1 OH ↔ H2O 1 Cl @16#

However, removal of Reaction 15 from the kinetic model leads o
to a slightly decrease in water production, and it appears that
water/gas shift reaction is not necessary to explain the formatio
water. In fact, only the simultaneous removal of Reactions 9, 15,
16 is able to dramatically decrease the predicted formation of w
Each channel on its own is able to form water in compara
amounts, and therefore the three channels are not only compe
but coupled. Note that even when water formation via Reaction
which directly involves an aluminum containing species, is elim
nated, AlCl3 still accelerates water formation. This is because AlC3
serves as a source of the H radicals that participate in Reactio
above, via the reaction sequence Reaction 4 followed by Reactio

Effect of Additives Not Studied Experimentally

This chemical kinetic model has also been used to predict of
effect of additives that have not been studied experimentally, inc
ing O2 , Cl2 , H2O, H2O2 . However, this effect only concerns th
gas phase and nothing can be said here about the ability of
mixtures to form alumina with the appropriate properties~impurity
content, powder size and morphology, film morphology, etc.!. It is of
interest to search for additives able to increase the deposition ra
alumina, which is, in many of the experiments presented in
literature, relatively slow.

Effect of the partial pressure of Cl2.—Cl2 is predicted to be an
inhibitor of the AlCl3 thermal decomposition, just as HCl is, whe
present in significant amounts. Moreover, as shown in Fig. 11,2
has a stronger inhibiting effect than HCl~at least for the conditions
considered here!.

Figure 10. Sensitivity plot for AlO: ~f! Al 1 H2O ↔ AlO 1 H2 , ~g! AlO
1 HCl ↔ OAlCl 1 H, and~h! Al 1 CO2 ↔ AlO 1 CO.
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Effect of the partial pressure of water.—Water is predicted to
have no significant effect on the thermal decomposition rate
AlCl3 under CVD conditions, even when present in significant qu
tities, as shown in Fig. 12.

Effect of the partial pressure of hydrogen peroxide.—Hydrogen
peroxide (H2O2) is predicted to be a promoter for AlCl3 thermal
decomposition even at very low levels as shown in Fig. 13 and
With significant amount of H2O2 in the mixture, the AlCl3 decom-
position rate is dramatically increased as shown in Fig. 13 and
The explanation of this promoting effect is given by the react
sequence

H2O2~1M! ↔ OH 1 OH~1M! @17#

followed by Reaction 15 that serves as a source of H atoms
reaction with AlCl3 . However, the conditions of mixture 3 of Fig
14 are not realistic ones for CVD processes, as this mixture is
dicted by this kinetic model to lead, under adiabatic conditions
ignition almost instantaneously~ignition delay time of about 7ms,
constant-volume flame temperature of about 2640 K!. This is rel-
evant to the flame particle synthesis process, but not to conventi
CVD. In contrast, mixture 2 is predicted to react under about i
thermal and isobaric conditions due to the low level of hydrog
peroxide present in the mixture~0.06 mol %!. This promoting effect
of hydrogen peroxide can, therefore, be of potential use in the C
process to increase deposition rates. However, as underlined a
these kinetics considerations only concern the gas phase, an
predicted promoting effect of hydrogen peroxide has to be exp
mentally demonstrated. Experimentally, adding H2O2 to this depo-
sition system would introduce substantial new safety concerns,
to the possibility of forming explosive mixtures. In this regard, d
tailed chemical kinetic models like the one used here can be of
in identifying explosion limits, allowing experiments to be co
ducted outside of them.

Effect of the partial pressure of CO.—Strictly speaking, CO has
been studied as an additive for the kinetics of alumina deposi
from AlCl3 /CO2 /H2 mixtures, but the compositions of the mixture
studied are not given in the literature. A retarding effect of CO
reported by Lux and Schachner1 whereas, according to Schierlin

Figure 11. Calculated AlCl3 profiles at total pressure of 100 mbar and
1323 K for the mixtures:~1! 0.06 mbar Cl2 1 1.3 mbar AlCl3 1 4 mbar
CO2 1 60 mbar H2 in Ar; ~2! H2 , AlCl3 , and CO2 as in 11 26 mbar Cl2 in
Ar; and ~3! H2 , AlCl3 , and CO2 as in 11 26 mbar HCl in Ar.
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et al.,5 CO has no effect in the pressure range tested~1 to 14 mbar,
but the partial pressures of the other constituents are not giv!.
Here, we have considered only one mixture, and in this case, C
predicted to have no effect at low levels and to be a promoter w
present in significant amounts as shown in Fig. 15. As was the
for CO2 , the role of CO has to be clarified further.

Effect of the partial pressure of O2.—O2 is predicted to be a

Figure 12. Calculated AlCl3 profiles at total pressure of 100 mbar and
1323 K for the mixtures: ~ ! 0.06 mbar HCl1 1.3 mbar AlCl3
1 4 mbar CO2 1 60 mbar H2 in Ar; ~ ! H2 , AlCl3 , and CO2 as in
1 1 0.06 mbar H2O in Ar ~H2O has replaced HCl in the mixture!, and
~ ! H2 , AlCl3 , and CO2 as in 11 26 mbar H2O in Ar.

Figure 13. Calculated AlCl3 profiles at total pressure of 100 mbar and
1323 K for the mixtures:~1! 0.06 mbar HCl1 1.3 mbar AlCl3 1 4 mbar
CO2 1 60 mbar H2 in Ar; ~2! H2 , AlCl3 , and CO2 as in 11 0.06 mbar
H2O2 in Ar; and ~3! H2 , AlCl3 , and CO2 as in 11 26 mbar H2O2 in Ar.
is
n
se

promoter for AlCl3 thermal decomposition even at very low leve
as shown in Fig. 16. With a significant amount of O2 in the mixture,
the AlCl3 decomposition rate is dramatically increased. Howev
the addition of high amounts of O2 , in the presence of H2 , is pre-
dicted by this kinetic model to lead, under adiabatic conditions
ignition. In contrast, mixtures 2 and 3 are predicted to react un
nearly isothermal and isobaric conditions due to the low level
oxygen present in the mixture. Therefore, this promoting effect
oxygen can be of potential use in the CVD process to reduce

Figure 14. Calculated AlCl3 profiles at total pressure of 100 mbar and
1323 K for the mixtures:~1! 0.06 mbar HCl1 1.3 mbar AlCl3 1 4 mbar
CO2 1 60 mbar H2 in Ar; ~2! H2 , AlCl3 , and CO2 as in 11 0.06 mbar
H2O2 in Al; and ~3! H2 , AlCl3 , and CO2 as in 11 26 mbar H2O2 in Ar.

Figure 15. Calculated AlCl3 profiles at total pressure of 100 mbar and
1323 K for the mixtures:~1! 0.06 mbar HCl1 1.3 mbar AlCl3 1 4 mbar
CO2 1 60 mbar H2 in Ar; ~2! H2 , AlCl3 , and CO2 as in 11 0.06 mbar CO
in Ar; and ~3! H2 , AlCl3 , and CO2 as in 11 26 mbar CO in Ar.
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deposition times. However, as underlined above, these kinetics
siderations only concern the gas phase, and the predicted prom
effect of molecular oxygen has to be experimentally demonstra
Again, use of oxygen in this system would introduce potential
plosion hazards, and detailed kinetic modeling could be of us
defining these.

Conclusions

A kinetic model has been built to examine the gas-phase ch
istry between the precursors AlCl3 and CO2 in the presence of H2
during thermal CVD of alumina. This kinetic model can expla
several trends observed experimentally, including the promoting
fect of H2 , the inhibiting effect of HCl, and the effect of temperatu
not directly on the alumina deposition kinetics, but indirectly on t
aluminum precursor decomposition. The AlCl3 decomposition is
predicted to occur via a free-radical chain mechanism that, in

Figure 16. Calculated AlCl3 profiles at total pressure of 100 mbar and
1323 K for the mixtures:~1! 0.06 mbar HCl1 1.3 mbar AlCl3 1 4 mbar
CO2 1 60 mbar H2 in Ar; ~2! H2 , AlCl3 , and CO2 as in 11 0.06 mbar O2
in Ar; and ~3! H2 , AlCl3 and CO2 as in 11 0.1 mbar O2 in Ar.
n-
ng
.

-
n

-

f-

e

presence of H2, has H atoms and the AlCl2 radical as the primary
chain carriers. Sensitivity analyses have been performed to exa
the reaction pathways for the decomposition of the precursor as
as for the formation of water, a molecule that has been propose
play a major role in the heterogeneous chemistry. Depending on
rate constant taken for the reaction CO1 OH ↔ CO2 1 H, the
CO2 1 H2 global reaction~water-gas shift! is shown to produce
either~i! very little water at the temperatures of interest for the CV
processes, and a reaction sequence is proposed to explain th
mation of water in significant amounts, or~ii ! to produce water
competitively with the other water-producing channels A
1 H2 ↔ H2O 1 Al and HCl 1 OH ↔ H2O 1 Cl. The effects of
some additives on the AlCl3 decomposition rate have been exam
ined with the help of the above kinetic model. Cl2 is predicted to be
a more efficient inhibitor than HCl. Water is predicted to have
effect even if high amounts are added. Hydrogen peroxide and
lecular oxygen are predicted to be promoters, even at very
levels.
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