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The kinetics of tungsten low-pressure chemical-vapor deposition (LPCVD) using WF; and SiH,
have been studied in a vertical hot-wall reactor equipped with a microbalance. In situ
growth-rate measurements were performed by monitoring the sample weight during tungsten
film deposition. The kinetics of the LPCVD process appear to be determined by the ratio of the
partial pressures of SiH, and WF. At low SiH,/WF ratios, i.e., p(SiH,)/p(WFs)<0.3, the
kinetics are first and zeroth order with respect to p(SiH,;) and p(WFs), respectively. At higher
ratios, i.e., 0.5<p(SiH,)/p(WF¢)< 1.0, the deposition rate is second and minus first order with
respect to p(SiH,) and p(WFg), respectively. In both kinetic regimes a zeroth-order dependence
on p(H,) was observed. The growth rate does not vary substantially in the temperature range
200-400 °C. Maximum rate values are observed near 300 °C. An attempt has been made to
interpret the observed kinetic behavior in terms of a Langmuir-Hinshelwood model. The
proposed surface reaction mechanism involves reaction between chemisorbed SiH species and
chemisorbed WF; molecules. Different surface reaction pathways, governed by different
rate-limiting steps, have been proposed in order to explain the observed kinetics in the two

regimes.

I. INTRODUCTION

Tungsten offers several advantages for use in inte-
grated circuit metallization. Low-pressure chemical-vapor
deposition (LPCVD) using tungsten hexafluoride (WFs)
as a tungsten source has been proven a promising deposi-
tion technique for this application. However, selective
tungsten LPCVD by hydrogen reduction of WF; suffers
from a high reactivity of WF, toward the silicon substrate,
causing Si consumption, encroachment at the Si/Si0O, in-
terface, and wormhole formation in contact regions. Kusu-
moto et al.* have shown that these adverse effects can be
circumvented by using silane (SiH4) as a reducing agent
for WF,. Moreover, selective deposition can be obtained in
this process. '

From mass spectroscopy and x-ray photoelectron spec-
troscopy studies Yu, Eldridge, et al>% concluded that re-
duction of WF¢ by SiH, can be expressed as

IWF-+3SiH, —+2W + 3SiF,+ 6H,. (1)

However, in situ infrared spectroscopy by Kobayashi,
Goto, and Suzuki’® indicated that SiF, only represents a
minor reaction product, whereas most of the SiH, is con-
verted to SiHF,,

WF¢+2SiH, — W +2SiHF; + 3H,. 2)

An important feature of the SiH,-based process is the pos-
sibility of obtaining high deposition rates at relatively low
temperatures (300 °C) compared to conventional tungsten
CVD employing reduction of WF¢ by H,.

Only a few studies dealing with the kinetics of tungsten
CVD using SiH, and WF; have appeared in the litera-
ture;**12 however, the reported film growth rates and the
dependence of growth rate on process parameters as tem-
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perature and reactant partial pressures show considerable
difference. These results were obtained from deposition ex-
periments using cold-wall reactors and ex situ film thick-
ness measurements; however, the use of cold-wall-type
CVD systems may have disadvantages in kinetic studies.
Depletion of reactant gases may result from unfavorable
flow patterns and/or temperature gradients in combination
with relatively high reactant conversion on large deposition
areas. Moreover, measurement and control of wafer tem-
perature may be difficult in these systems.

In the present work, tungsten LPCVD from WFg and
SiH, has been studied using a vertical hot-wall reactor spe-
cially designed for investigating the kinetics of this process.
The reactor is equipped with a microbalance enabling in
situ growth rate measurements by monitoring the substrate
weight during tungsten film deposition. Care has been
taken to avoid limitation of the growth rate by gas-phase
transport processes. The present investigation is focused on
the determination of the influence of temperature and par-
tial pressures of SiH,;, WFg, and H, on the film deposition
rates. The results provide insight into the reaction mecha-
nisms involved in this process, and possible reaction path-
ways will be discussed.

. EXPERIMENT

The LPCVD setup designed for growth rate measure-
ments is shown schematically in Fig. 1. It comprises a
26-mm-diam quartz tube in a vertically positioned furnace.
Silicon substrates (10X 15 mm?) were cut from (100)-
oriented double-side-polished 3 in. wafers (130-160
1 cm). The substrates were cleaned in fuming HNO; and
hot concentrated HNO; (65%), respectively, before re-
ceiving a buffered hydrofluoric acid (BHF) dip to remove
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FIG. 1. Schematical presentation of the vertical hot-wall CVD reactor
with microbalance. 1: microbalance; 2: Pt wire; 3: Si substrate; 4: coun-
terweight.

native silicon oxide prior to the deposition experiments.
The samples were attached to 0.3-mm-diam platinum wires
from the microbalance. The microbalance (C.I. Electron-
ics, type MK 2) was operated in the weight ranges 0-20 or
0-200 mg, depending on the accuracy required. The ana-
logue balance signal is converted to a digital weight value
monitored by a computer. The weight resolution is 1 ug for
the 20 mg range and 10 ug for the 200 mg range.

The reactant gases WFg (flow range 2.5-50 sccm,
99.999% purity), SiH, (flow range 2.5-50 sccm, Semicon
quality), and H, (flow range 0-140 sccm, 99.9999% pu-
rity) as well as the purging and diluent gas Ar (total range
80-320 scem, 99.9999% purity) are adjusted by mass flow
controllers. To ensure that the measurements are per-
formed in the surface reaction-rate-limited regime, WF;
and SiH, are not premixed before entering the furnace
zone. A gas supply arrangement for these reactants by
means of concentric tubes minimizes reactant consumption
due to deposition on the reactor wall before the substrate is
reached. The temperature ranges from 145 to 390 °C, and
is measured using a thermocouple positioned near the sub-
strate. Low pressure is maintained by a combination of a
Root’s pump and a rotary vane pump.

After loading the sample, purging the reactor tube, and
heating to the desired temperature, the reactant gases are
introduced. Once the pressure and the flow rate are stable,
the measurement is performed by monitoring the sample
weight while the deposition proceeds. Typical measure-
ment time is 2-5 min, during which the total weight in-
crease amounts to 1-40 mg, depending on process param-
eters.

The film growth rate was calculated from the constant
slope of the plot of weight increase versus time assuming
the deposit to have tungsten bulk density (19.3 g/cm®).
Crystalline phases in the deposited films were identified
from x-ray-diffraction patterns.
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Ili. RESULTS
A. Reactor performance .

Weight measurements before and after the deposition
experiments indicated that more than 95% of the weight
increase was due to deposition on the silicon substrate,
whereas the remaining part was deposited on the Pt wire.

In order to determine the character of the deposition
regime governing the system, the total flow rate was varied
while total pressure, temperature, and flow ratio of the
different feed gases were kept at constant values. On in-
creasing the flow rate a region is- entered in which the
growth rate is almost independent of the total gas flow. In
this regime the deposition rate is assumed to be controlled
by surface reaction kinetics rather than gas-phase transport
processes. The measurements presented in this article have
been performed in the flow-rate-independent deposition re-
gime. .

Absence of rate limitations by gas-phase diffusion has
also been confirmed by varying the total pressure at con-
stant flow rate, keeping partial pressure values of WF and
SiH, constant. Lowering the total pressure from 500 to 300
mTorr did not result in a significant increase of the growth
rate. Most of the rate measurements presented in this ar-
ticle were carried out at a total pressure of 500 mTorr,
permitting large variations in gas flow rate. Moreover, the
estimated conversion of reactant gases was less than 10%,
also confirming the differential character of the system.

Although linear gas flow velocities are high (10-20
m/s) due to small reactor dimensions and low reactor
pressure, the Reynolds numbers are sufficiently low (Re
<20) to assure a laminar fiow pattern in the reactor tube.

B. Film structure

The structure of the deposited films depends on the
ratio of partial pressures of SiH, and WF; X-ray-
diffraction patterns indicated the formation of polycrystal-
line tungsten with the a (bee) structure at partial pressure
ratios of SiH, and WFg¢ lower than one. However, increas-
ing the ratio to values higher than one resulted in the for-
mation of a mixture of @-W and B-W. Similar behavior in
cold-wall reactors has been reported by Schmitz, Buiting,
and Ellwanger'® and Suzuki ef al'* Deposition of B-W is
undesirable since this phase has a considerably higher re-
sistivity than a-W. The requirement of a-W formation re-
stricted the process parameter window in this investigation
to ratios of SiH, and WF, lower than one.

C. Kinetic measurements

The kinetic investigation of the CVD process com-
prised a systematic variation of the deposition temperature
and partial pressures of silane p(SiH,), tungsten hexaflu-
oride p(WF;), and hydrogen p(H,), respecting the bound-
ary condition p(SiH,)/p(WFg)<1 as explained in the pre-
vious section.

The dependence of the growth rate on p(SiH,) at
310°C is shown in Fig. 2. From this plot the kinetic be-
havior of SiH, appears to be influenced by p(WFs). At
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FIG. 2. Tungsten film deposition rate as a function of SiH, partial pres-
sure for different WF partial pressures. Measurements performed at
310°C and 500 mTorr total pressure. Dashed lines indicate slopes corre-
sponding to first (--—--) and second (-'-*---) -order kinetics.

P(WFg) =60 mTorr a linear increase of the rate with in-
creasing p(SiH,) is observed until p(SiH;) =20 mTorr. On
further increasing p(SiH,) the dependence changes from
linear to quadratic, as is illustrated by the dashed lines in
Fig. 2 representing linear and quadratic behavior. The
transition from first- to second-order kinetics with respect
to p(SiH,) is also observed at lower p(WF¢). However, the
P(SiH,) range in which this transition takes place moves to
lower values, i.e., at 20&p(SiH,)<30 mTorr if p(WF¢)
=60 mTorr, at 15<p(SiHy)<25 mTorr if p(WFg) =50
mTorr, at 10<p(SiH,) <20 mTorr if p( WF4) =40 mTorr,
and at 5<p(SiH,) <10 mTorr if p(WFg) =20 mTorr. The
highest growth rate obtained in these experiments ap-
proaches 1.8 pm/min. This value is considerably higher
than values observed in processes using H, as a reducing
agent.

The dependence of the deposition rate on p(WF) is
shown in Fig. 3. From this plot it is evident that the de-
pendence is affected by p(SiH,). At p(SiH,) =10 mTorr
the growth rate decreases linearly with increasing p(WFg)
until p(WFg) =30 mTorr, as illustrated by the dashed line
in Fig. 3. A further increase of p(WFg) shows a flattening
of the curve and a regime is entered in which the growth
rate does not depend on p(WFg). The transition from mi-
nus first order to zeroth order in p(WF;) takes place at
P(WFq) =30 mTorr if p(SiH,) =10 mTorr and at p(WF)
=50 mTorr if p(SiH,) =20 mTorr. At higher p(SiH,) no
order transition is observed below p(WF4)=60 mTorr.
The same dependence on p(WF,) has been observed for
P(SiH,) =20 mTorr at 240, 270, and 340 °C. Since the
measured deposition rates at these temperatures are nearly
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FIG. 3. Tungsten film deposition rate as a function of WFg partial
pressure for different SiH, partial pressures. Measurements performed at
310°C and 500 mTorr total pressure. The dashed line (~--) indicates a
slope corresponding to minus-first-order kinetics.

equal to those at 310 °C, they have not been included in the
plot for the sake of clarity.

In contrast to p(SiH,) and p(WFg), the magnitude of
p(H,) has no influence on the deposition rate. Figure 4

10000 [T T SN T T T T U O TN T U O N TS N O O |
: A RNF‘.-.ZO mTorr, PSiH:ZO mlorr E
0 ‘: (o] RJF;=I'° mlorr, PSiH:ZO mTorr F
11¢ EIF:SD mTorr, PSiH" 10 mforr L
=
E 2000 -
1=
£
@
£
o 1000 .
c 1 =
2 o 7.y —0 [
= L
8 500 -
o
& ] L
=)
1°] m |
200 — L
% Y T
100 T
0 S0 100 150 200 250

H, partial pressure (mTorr)

FIG. 4. Tungsten film deposition rate as a function of H, partial pressure
for different combinations of SiH, and WZF; partial pressures.
Measurements performed at 310 °C and 500 mTorr total pressure.
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FIG. 5. Tungsten film deposition rate as a function of reciprocal temper-
ature for different combinations of SiH, and WF partial pressures. Mea-
surements performed at 500 mTorr total pressure.

shows that the rate does not change significantly in the
range 0<p(H,)<200 mTorr. This zeroth-order depen-
dence is found in all kinetic regimes.

The influence of temperature on the deposition rate
seems rather unusual. Deposits have been obtained at tem-
peratures as low as 145 °C. The rate increases as the tem-
perature is raised. However, in the semilogarithmic plot of
rate versus reciprocal temperature in Fig. 5 no lines of
constant slope are obtained, which precludes determina-
tion of an apparent activation energy for the deposition
process from these plots. Moreover, the curves show max-
imum values of the deposition rate near 300 °C. Decreasing
rates are observed above 300 °C. Due to film adhesion fail-
ure and concomitant surface increase during deposition,
reliable measurements below 200 °C at p(SiH4)/p(WFg)
=1 were not possible.

IV. DISCUSSION
A. Kinetics of film deposition

From the results of the deposition rate measurements,
collected in Figs. 2-5, two kinetic regimes can be distin-
guished in the range of operating conditions considered
here. The different expressions for the growth rate depen-
dence on process parameters are

Ry=k{T}[ p(SiH,)1'[ p(WF§)1°[ p(H,)1° (3)
and

Ry=kp{T}H p(SiH) [ /(WF) ] "' [p(H) 1% (4
R; and Ry represent the tungsten deposition rates, and
ki{T} and ky;{T} the temperature-dependent reaction rate
constants in the respective regimes. Equation (3) matches
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the observed kinetics if p(SiH,)/p(WFg)<0.3 (region I),
whereas Eq. (4) applies if 0.5<p(SiH,)/p(WF)<1.0 (re-
gion ITI). '

Comparison of the results presented in this work with
those reported in the literature shows a considerable dif-
ference in kinetic behavior of SiH, and WFg. In most of the
cold-wall studies®!! the observed orders with respect to
p(SiH,) and p(WFq) were first and zeroth (or slightly
negative, i.e., —0.2) order, respectively, covering the entire
range 0<p(SiH,)/p(WFg)<1. The reported growth rates
are lower than the rates obtained in our work, thus indi-
cating the occurrence of growth-rate limitation by gas-
phase transport of SiH, to the substrate surface, conse-
quently resulting in a linear dependence of the rate on the
inlet partial pressure of SiH,. However, in the pioneering
work of Kusumoto et al.* a trend was observed that shows
agreement with our results. Although the reactant partial
pressures are probably lower in their work, an order with
respect to SiH, suddenly increasing from first to second
was encountered at p(SiH,)/p(WFg) =0.5. Although the
authors did not note this in their article, it is clear from
their plot of growth rate versus WFq flow rate that the
order with respect to WF¢ changes from zeroth to a neg-
ative value at p(SiH,;)/p(WFg) >0.5, thus showing the
same trend as in our work.

The reported effect of temperature on the rate agrees
with our observations. The rate does not change dramati-
cally in the temperature range of 200-400°C, and a de-
crease between 300 and 400 °C has also been found by
others.*!? The small apparent activation energies reported
in three studies'"'>' have probably been measured in the
gas-phase transport-limited regime.

B. Surface reaction mechanism

The transition in reaction orders with respect to
p(SiH,) and p(WFy), as described in the previous subsec-
tion, may indicate that the rate-determining step involved
in region I is different from the reaction controlling the
deposition rate in region II. Formulated within the frame-
work of the Langmuir-Hinshelwood mechanism, as pre-
sented below, a change of rate determining step within a
single reaction pathway could be an explanation in case of
decreasing reaction orders, However, increasing orders, as
observed in this work, indicate the presence of at least two
parallel reaction pathways, governing regions I and II, re-
spectively. Each reaction pathway has its own rate-
determining step, resulting in different kinetic dependences
on reactant partial pressures. Consequently, a proposed
surface reaction mechanism of tungsten deposition from
SiH, and WFg should account for the presence of different
pathways, predict their kinetic behavior, and account for
their respective domination in the observed kinetic re-
gimes. Arora and Pollard’® have shown the possibility of
determining major reaction pathways and rate-determining
steps in tungsten CVD from WFg/H, mixtures. Using sta-
tistical thermodynamics, transition state theory, and bond
dissociation enthalpies, they calculated the rate constants
for all possible elementary surface reactions, thus obtaining
a detailed set of kinetic parameters. Extension of this pro-
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cedure to predict the kinetics of tungsten CVD from SiH,/
WPF¢/H, mixtures would be more complicated and is be-
yond the scope of this work. Therefore, less detailed
models for heterogeneous reaction kinetics are proposed
here. Although less quantitative, these may serve as a first
approximation to provide more insight into the surface
mechanisms. L

We have attempted to interpret our observations on
the basis of a Langmuir-Hinshelwood-type model. The
procedure involves postulating a series of elementary reac-
tions, subsequently assuming the forward and backward
rate to be high enough for all steps to attain equilibrium,
except for one step which is considered to be rate limiting.
The model comprises adsorption of the reactant molecules
SiH, and WF; on the tungsten surface, subsequent disso-
ciation of adspecies at the surface, and finally formation
and desorption of the main reaction product SiHF, [Eq.

(2)1:

SiH, (g) -+2* = SiH$ + H¥, (5)
SIH¥ - * = STHY -+ H¥, - (6)
S 4 * <5 SiH* -+ H¥, o (7
IH* 5 H, (g) +2%, L®)
WFq(g) +*= WFE, (¢))

2SIH*-+ WF¥ 5 2SiHF; (g) + W*42%. (10)

In these equations the asterisk symbolizes a free surface
site, 1.é., a surface tungsten atom capable of bond forma-
tion with a gaseous or surface species. X* denotes a surface
species occupying a surface site. The deposited tungsten
atom, incorporated in the surface lattice, will serve as a free
surface site in a subsequent adsorption step, i.e., W¥*=*,
Considering the proposition of the elementary reaction
steps listed above, the following presumptions were made.
The tungsten surface temiperature is sufficiently high
for dissociative SiH, chemisorption, which produces ad-
sorbed SiH, fragments (0<x<3) and H, molecules or ad-
sorbed hydrogen atoms.!” Subsequent dissociation of
SiH* surface species proceeds on the tungsten surface.
WF¢ molecules chemisorb on the tungsten surface.
However, the stepwise dissociation of the admolecules to
WE} (y<5), as proposed by Arora and Pollard,'® is as-
sumed to be slow compared to the other steps of the mech-
anism. : )
The silicon-hydrogen bond present in the reaction
product SiHF; originates from the reactant molecule SiH,.
Complete dissociation of SiH,, producing adsorbed Si at-
oms, and addition of a hydrogen atom at a later stage is
thermodynamically unfavorable, since silicon-fluorine
bonds (bond energy = 600 kJ/mol) are considerably
stronger than silicon-hydrogen bonds (bond energy = 100
kJ/mol).
Equation (10) is not likely to represent an elementary
surface reaction in the mechanism. Instead, an equilibrium
may be involved:

SiH* -+ WF¥ s WFSiH* + *, (10.1)
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The hypothetical WFSiH* surface species contains one or
more Si—F—W bridge bonds, formed as a result of the
strong affinity of silicon towards fluorine. Reents,
Mandich, and Bondybey'® ‘proposed the formation of a
fluorine-bridged intermediate as the first step in the reac-
tion of WF, with silicon clusters. They assume that the
initial association reaction, i.e., bonding of silicon through
a bridging fluorine to tungsten, is followed by decomposi-
tion of the intermediate and formation of silicon fluorides.
A fluorine-bridged intermediate WFSiH* is assumed to be
involved in the present surface reaction mechanism. We
will not attempt to define the detailed structure of the in-
termediate. If the formation of three fluorine bridge bonds
occurs, it may be represented by the formula
WF;(SiHF;)*. The adduct decomposes according to

WFSiH* = SiHF;(g) + WF¥, (10.2a)

and the WF¥ species will subsequently be consumed by
SiH* species,

WEF¥ 4+ SiH* 5 SiHF;(g) + W*4-*, (10.2b)

Reactions (10.2a) and (10.2b) represent the final elemen-
tary steps of the first tentative pathway. In the second
pathway steps (5)—(10.1) are the same, whereas WFSiH*
itself reacts with another SiH* species,

WESiH* 4 SiH* < 2SiHF; (g) + W* - *. (10.2¢)

If steps (5)—(10.1) are all assumed to attain equilibrium,
and one of the elementary steps (10.2a) or (10.2¢) is rate
limiting, equations can be derived expressing the deposi-
tion rate as a function of observables p(SiH,), p(WFj),
and p(H,) for both pathways. The surface is assumed to be
predominantly covered by WEFg species. The concentration
of free surface sites is approximated by .

1
~ 14+ Kwr p(WFg)’

where K, is the equilibrium constant of WF chemisorp-
tion. ’ °
At high p(WF,) and low p(SiH,) the SiH* concentra-
tion is low. Consequently, step (10.2a) is fast compared to
step (10.2¢) and the first pathway will dominate. The rate
is proportional to the surface concentration of WFSiH*.
Assuming Kyg s P(WFg) » 1, the overall rate equation
becomes '

R=Kk{T} p(SiHy) 1'[ p(WF5)1°[ p(H,) 1713,  (12)

where k{T} represents the reaction-rate constant which
depends on temperature, the activation energy of the rate-
limiting step, and several adsorption and dissociation en-
thalpies. Apart from the dependence on p(H,), Eq. (12) is
consistent with our observed growth rates at p(SiH)/
P(WF)<0.3 (region I).

Increasing the ratio p(SiH,;)/p(WF) results in higher
SiH* surface concentrations, and the rate of step (10.2¢)
will become sufficiently high to compete with (10.2a). As
(10.2¢) becomes the dominant reaction path, the overall
rate equation will be

[*] (11)
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R=k{T}[ p(SiH,) ) p(WFg) ]~ [p(H) 13, (13)

Regarding the . dependence of the deposition rate on
p(SiH,) and p(WF) in Eq. (13), this expression is con-
sistent with the observed behavior at 0.5<p(SiH;)/
P(WF)<1.0 (region II) in our work. However, the sig-
nificant influence of the hydrogen partial pressure,
expected from Eqs. (12) and (13), is not found in our
measurements. The absence of a decrease of deposition rate
at higher p(H,) indicates that the presence of H* or H,
does not influence the concentranon and formation of re-
active species at the surface. Indeed, Sault and Goodman!’
observed that the rate of dissociative SiH, chemisorption is
not affected by the presence of adsorbed hydrogen atoms
on a W(110) surface. Since silicon is more strongly bound
to the tungsten surface than hydrogen, the latter is dis-
placed from the surface by SiH,;. Hence, hydrogen has no
influence on the concentrations of Si- or W-containing ad-
species. Consequently, steps (5)-(8) are considered to be
irreversible; however, as a result of this assumption, the
surface concentrations of the H* and SiH¥ adspecies can
no longer be expressed in terms of the adsorption equilibria
of their corresponding gas-phase species. Hence, steady-
state approximations, instead of Langmuir-Hinshelwood
assumptions, should be employed in order to derive theo-
retical rate equations. This approach involves a more de-
tailed analysis of the rates of all elementary reaction steps,
according to the procedure outlined by Arora and Pol-
lard.'® However, as we have mentioned above, application
of this procedure is beyond the scope of the present work.
Here, we only note that the negligible influence of p(H,)
on the deposition rate might be predicted from steady-state
approximations.

The reaction mechanism presented in this article
should be regarded as a first attempt to explain our obser-
‘vations. It has been formulated within the framework of
the Langmuir-Hinshelwood model. The predicted kinetic
behavior changes if adspecies are assumed to occupy more
than one surface site. For instance, if WFg and WESiH
adspecies occupy two surface sites, i.e., WFg is chemi-
sorbed as WFg¥*, the kinetic order in p(WFg) will be
higher than the order in case of single-site adsorption. Con-
sequently, the order in p(WFg) in case of double-site ad-
sorption does not agree with our experimental observa-
tions. Details of these calculations will be given
elsewhere.'® Adsorption on single sites adequately models
the dependence of the deposition rate on p(WFg).

V. CONCLUSIONS

The kinetics of the tungsten LPCVD process using
WF; and SiH, are determined by the partial pressure ratio
of the reactant gases. At low. ratios, ie., p(SiH,)/
P(WF¢)<0.3, the surface concentration of Si-containing
adspecies is relatively low, and the surface is predomi-
nantly covered by WF,. A first order in p(SiH,;) and ze-
roth order in p(WFg) are observed in this region. Increas-
ing the ratio to values 0.5<p(SiH,)/p(WF;) <1 results in
higher concentrations of Si-containing adspecies; however,
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WF, remains the dominant adspecies. The kinetics become
second order in p(SiH,) and minus first order in p(WFj).
The presence of hydrogen in the reactant mixture has no
effect on the deposition rate.

Two surface reaction pathways have been proposed to
account for the observation of two kinetic regimes. A
Langmuir-Hinshelwood model has been formulated as a

" first attempt to elucidate the underlying mechanisms.

Within this model, the second order with respect to

- p(SiH,) is obtained by assuming two Si-containing adspe-

cies to be involved in the rate-determining step. Moreover,
the adsorption of hydrogen on the growing surface is con-
sidered to be weak compared to adsorption of other spe-
cies. Hence, hydrogen will not affect the surface concen-
trations of Si- and W-containing adspecies.
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