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The thermal decomposition of silane highly diluted in argon was observed behind reflected shock waves over
the temperature range from 1060 to 1730 K and pressures between 0.6 and 5.0 atm, making this thg first SiH
decomposition study to thoroughly investigate pressures above 1 atm. Silane and silylene time histories were
monitored using the infrared emission of Sikkear 4.7um and laser absorption of a SiA—X transition

near 579 nm. Reaction rate coefficients for the first- and second-order forms of the decomposition reaction
SiH4 + M = SiH, + H, + M were determined from the species measurements fer Kr. The effects of
competing reactions were considered using a detailed reaction mechanism. The bimolecular rate constant
over the pressure range considered herein was determinedkiq $€7.2 x 10* exp(—E/RT), with ki, in

cm?/mol s andE = 45.1+ 1.2 kcal/mol. This second-order rate coefficient describes the silane decomposition
reaction over the entire range of temperatures and pressures herein and shows good agreement with the results
of previous studies at similar temperatures as well as those at lower pressures and at temperatures above and
below the values herein. The implication of the second-order reaction rate is that the silane decomposition is
still in the low-pressure limit at total mixture pressures as high as 5 atm. A pressure-dependent rate is therefore
not needed for SilHdecomposition over a wide range of conditions of practical interest when the reaction is
simply expressed in the bimolecular form.

Introduction reaction rate for reaction 1b within a larger chemical kinetics
mechanism; that is, certain rates quoted in the literature for
reaction 1b are only valid for the pressure of that study. The
pressure dependence can be estimated if the low- and high-
ressure limits were available and utilized in the method of
roel® for example, or if some other method were used as in
Coltrin et al2® Unfortunately, most of the analytical studies of
silane pyrolysis in the falloff region and high-pressure limit are
based on the early shock-tube experiments of Newman &t al.,
whose rate coefficient (according to other researchers) appears
to be an order of magnitude larger than recent shock-tube
experiments? further clouding the issue.
When the conditions are such that the reaction is sufficiently
SiH, + M = SiH, + H, + M (R1a) close to the low-pressure limit, the reaction rate constaat,
of the bimolecular reaction is not pressure-dependent and can
where M is any third-body collision partner when written as a be expressed in the usual Arrhenius form
second-order reaction. However, the rate of silane decomposition
for pressures less than 1 atm is often expressed in the literature k = Aexp(-E/RT) 1)

in terms of the reaction rate for the unimolecular decomposition,
reaction 1b In eq 1, ki is the rate constant of reaction A is the
preexponential constari, is the activation energy in kcal/mol,
SiH, = SiH, + H, (R1b) Ris the universal gas constant, afids the temperature in K.
The units of eq 1 are ctfmol s for bimolecular reactions and
Although most researchers express the silane decompositions-1 for unimolecular reactions. An overview of previous
as R1b with some pressure dependence, there is some discregmeasurements of SiHlecomposition, including temperature and
ancy as to whether the reaction is in the pressure-dependenpressure ranges and the resulting activation energies, is provided
falloff region at pressures on the order of a few atm or in Table 1.
below/9113 Care must therefore be taken when using a  For the activation energy, Purnell and Walsheasured a
value of 51.2 kcal/mol (foky,) over a temperature range from
*To whom correspondence should be addressed. E-mail: petersen@648_703 K and pressures from 0.68.30 atm, and Meunier
maﬁ"[jﬂ',i?:iiy of Central Florida. et all*found a value of 46.0 kcal/mol from their laser-induced
*The Aerospace Corporation. chemical vapor deposition experiment (7248 K). In the first

Because of its importance as a source of silicon in the
materials processing industry and in the manufacture of glass
containing silicon oxides, the thermal decomposition of gaseous
silane has received much attention in recent years. Among thoséJr
investigations are the early reaction vessel experiments of
Hogness et dland Purnell and Walshseveral high-temperature
shock-tube studies,'* RRKM calculations;t 13 and various
other experimental works16 Within these and related studies,
it was conjectured and proven that the initial decomposition of
SiH, over the temperature range of interesQ00 K) forms a
silylene radical and a hydrogen moleciAé!8
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TABLE 1: Summary of Measurements of SiH, Decomposition

workers ref Ea (kcal/mol) temp. (K) press. (atm) method
Hogness et al. (1936) 1 51.7 65363 <1.0 reaction vessel
Purnell and Walsh (1966) 2 51.2 64303 0.05-0.3 reaction vessel
Newman et al. (1978) 3 56.1 1260300 5.0 shock tube
Newman et al. (1979) 4 52.7 1033184 5.3 shock tube
Tanaka et al. (1983) 5 39.4 1766900 0.+0.5 shock tube
Votintsev et al. (1987) 6 64.5 146a800 1.0 shock tube
Tanaka et al. (1987) 7 48.1 1250600 0.25-1.3 shock tube
Meunier et al. (1987) 14 46.0 72848 0.006-0.013 LI CVD reactor
Koshi et al. (1991) 9 38.1 11881574 0.18-1.2 shock tube
Mick et al. (1993) 10 48.0 12501715 0.7 shock tube
Han et al. (1996) 15 39.9 62348 0.001-0.004 reaction vessel
Petersen and Crofton (2003) this study 45.1 106030 0.6-5.0 shock tube
shock-tube studies of silane decomposition, Newman &t al. Purity of the driven-section volume was maintained by a

obtained (fork;) a value of 56.1 kcal/mol in their earlier paper 1000-L/s Leybold TMP1000C turbomolecular pump, and ulti-
(1200-1300 K, 5.0 atm) and 52.7 kcal/mol in their later paper mate pressures below>5610~7 Torr were obtained via overnight
(1035-1184 K, 5.3 atm). At much higher temperatures and over pumping. Typical pre-experiment fill pressures were at least
a much wider range (176900 K), Tanaka et & found the 5 x 107 Torr with a worst-case combined leak and outgassing
activation energy ok, to be 39.4 kcal/mol. In a later study, rate of 2 x 1075 Torr/min. To minimize the possibility of
Tanaka et al. measured a value of 48.1 kcal/mol for temper- impurities leaking into the test gas, experiments were routinely
atures between 1250 and 1600 K. Similarly, Koshi €t il. performed within 30 s of filling the tube.

their shock-tube study (11961570 K) noted activation energies Because the products of silane decomposition are condensed
between 37.1 and 39.2 kcal/mol fior, depending on the total  silicon hydrides in the form of a light powder film, care was
mixture pressure. More recently, Mick et’dlused atomic  taken to clean the inner walls of the shock-tube driven section
resonance absorption spectroscopy of H and Si atoms toevery 1-2 experiments. However, exploratory tests were still
determine an activation energy of 48.0 kcal/mol fag for performed to determine what impact, if any, the residual powder
reflected-shock temperatures between 12bD15 K at a single  on the shock-tube walls would have on subsequent experiments
pressure of 0.7 atm. These varied resultsEpmay depend to  if a rigorous cleaning procedure were not followed. It was
some extent on the temperature range, the pressure range, angleduced that, because the initial silane concentrations were very

competing reactions. small (see below), the buildup of residual powder from up to a
The purpose of the present study was to perform a series ofhalf dozen previous experiments had a negligible impact on the
shock-tube experiments over a range of temperates&${0— results.

1700 K) and pressures=0.6—5.0 atm) to determine the reaction Temperatures behind the reflected shock wave were deter-
rate constant of silane pyrolysis and its pressure dependencemined from direct measurement of the incident-shock velocity.
To conduct the study, the authors utilized a combination of Five fast-response<(l us) piezoelectric pressure transducers
established shock-tube techniques, nonintrusive optical diag-(PCB 113A) were used to trigger four time-interval counters
nostics for species concentration measurements, and moderr{fFluke PM6666), providing four axial measurements of the
chemical kinetics modeling. To the authors’ knowledge, the shock speed. Using the velocity extrapolated to the endwall in
present work was the first study to use a detailed kinetics model conjunction with the standard one-dimensional shock relations
of the secondary reactions while determining the rate of silane and the Sandia thermodynamic databdshe temperature and
pyrolysis from the shock-tube data. Details of the experimental pressure behind the reflected shock wave were determined. The
apparatus and procedure are described first, followed by anuncertainty in the test temperature is on the ordes & for
analysis of the silane decomposition kinetics and competing the conditions of this study.

reactions. The results of the experiment are given in terms of Small amounts of research-grade $iE800—1030 ppm)
species concentration profiles and curve fits of the reaction rate highly diluted in ultrahigh purity argon were used as the test-
constant for silane decomposition, and the results are comparedgas mixtures. These mixtures were produced manometrically
with previous studies. A discussion of the apparent pressureysing partial pressures in a mixing tank to a total pressure of

dependence is also included. approximately 6 atm. The overall uncertainty in the volume
fraction of silane was less than 1% using the Baratron vacuum
Apparatus and Procedure pressure transducers described above.

A stainless ste.el shock tube was utilized for.the ex.periments. Species Measurements
The pressure-driven shock tube operated with helium as the
driver gas and has a driver length of 3.5 m with an internal  Two species were monitored during the experiments: 4 SiH
diameter of 7.62 cm. The 10.7-m test section has an internal and SiH. For the SiH concentration measurements, an infrared-
diameter of 16.2 cm. Lexan diaphragms ranging from-@.5 emission technique was used. Emission from the well-known
mm thick were utilized to produce reflected-shock pressures vz Si—H vibrational stretch mode was monitored by a fast-
from approximately 0.4 to 5 atm. Typical test-section fill response<1us), LN,-cooled InSb detector (Judson J10D) with
pressures were on the order 6f 500 Torr and were monitored  a 1-mm element. A filter centered at 4:70.1 um was used to
with one of three MKS Baratron model PDR-C-1B pressure distinguish the Sildemission from background radiation. The
transducers with ranges from-Q0, 0—100, and 6-1000 Torr. emitted light from the shock tube gases was focused onto the
All measurements, described below, were performed exclusively detector through a Cafwindow and a 2-mm slit to improve
behind reflected shock waves at a location 1.6 cm from the the time resolution of the measurement and minimize scattered
endwall. radiation from the shock-tube walls. A similar IR-emission
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Figure 1. Infrared emission trace for SiHconcentration showing Figure 2. Typical normalized Siki concentration time history and
prominent features. comparison with silane pyrolysis model (Table 2).

technigue has been employed in other shock-tube measurement&easured intensity (in volts) is proportional to the species mole
of silane decompostioh’~® These earlier studies have shown fraction, assuming a simple harmonic oscillator model as

that the possibility of interference emission from othgHgi ~ follows:
molecules is negligible over similar Sildoncentration ranges.
Figure 1 gives a sample IR-emission measurement showing , 1 [XSiH4(t)
key features. Arrival of the incident and reflected shocks is I'()) U (eGV/T _ 1)L RT (2)

evident in the emission trace. For the reflected-shock temper-

ature shown (1521 K), the silane quickly decomposes after | g 2,11(t) is the instantaneous IR light intensity at tie,
arrival of the reflected shock at time= 0. At longer times, s the characteristic vibrational temperature of théransition,
_broad_band interference emission from cqnd_ensﬂdi,ibamcles andXsina(t) is the mole fraction of silane at time Because eq
is evident. However, interference emission from the soot 5 applies to any timg and the temperature is constant to within

particles (which do not form until most of the silane has , feyw Kelvins over the shock-tube experiment for the highly
decomposed) was proven during the course of the experimentsyjjyted mixtures utilized, one can normalize thg) to the value
not to affect the kinetics measurements that utilize the emission 4t some timea*:

data at earlier times.

Assurance that the soot emission did not interfere with the ') Xsin (1)
determination of the decomposition rate was accomplished by —~ []——— = constaniXg, (1) (3)
comparing rates obtained from the data traces in two ways: (1) () Xgi () ‘

from the raw emission traces and (2) from the emission traces

with a correction for the soot emission. The soot correction was In this fashion, the measured SHdmission signals can be
performed by extrapolating the long-time emission trend (Figure compared directly with the chemical kinetics model to infer the
1) back to time zero and subtracting it from the overall measured reaction rate coefficient, discussed in more detail below and
signal level. From such calculations, the decomposition rates displayed in Figure 2. Note that the time response of the
obtained at the early times (typically 100 us) using both emission setup is only limited near time zero, during the passage
methods were nearly identical within the stated accuracy of the of the shock wave. The actual time response of the detector is
final rate herein. <1 us otherwise.

Premature decomposition of the silane behind the incident The other species measured was the key intermediate radical,
shock wave, prior to arrival of the reflected shock wave, was SiH,. A conventional shock-tube laser-absorption setup based
not a problem for the temperature range of the present on differential absorption and common-mode rejection, as in
experiments. For example, at the maximum reflected-shock Dean and Hanso#f,was employed in experiments separate from
temperature and pressure of this study (1730 K, 5 atm), a 1000-the SiH, emission measurements. A key Sitdansition near
ppm mixture of SiH in argon would be exposed to incident- 579 nm has already been identified in a similar laser-absorption
shock conditions on the order of 900 K and 1 atm. As shown experiment by Markus and Rdthand was duplicated herein.
in Figure 1, the typical duration of the mixture at the incident- The transition of interest was thH€p 4(4) line in the A-X
shock conditions prior to reflected-shock arrival is about:50 (0,2,0-(0,0,0) band at 17 260.82 cth
Kinetics calculations at these conditions and for this time  Figure 3 shows the basic laser absorption setup. A Coherent
duration indicate that the decomposition of gislimperceptible 699-21 ring-dye laser operating on Rhodamine 590 dye,
(<0.1%). (In fact, it takes over 200@s for 0.1% of the silane  pumped by all lines of a Coherent Innova I-20 argon-ion laser,
to decompose at the extreme conditions of this example.) was the tunable light source. A sample of the beam was sent to

To minimize effects near time zero immediately after passage a Burleigh WA-4500 wavemeter to monitor the wavelength with
of the reflected shock wave, the emission signals were normal-a resolution of 0.005 crt, and the main beam was focused
ized to the measured light intensity at a later titiie This through the Cafwindows in the shock tube to a diameter on
normalization procedure, defined in Figure 2 for a typical silane the order of 1 mm. The incident laser intensity, and the
decomposition measurement, is based on the fact that thetransmitted intensityl, were monitored by Si photodiodes with
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Figure 4. Typical SiH. mole fraction time history and comparison
with the silane pyrolysis model (Table 2).

a 1-MHz bandwidth (New Focus model 2031). A differential
preamplifier (SRS SR560) was used to take the differential
absorption signally — I, and this difference signal along with
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TABLE 2: Reaction Mechanism Employed for Silane
Pyrolysis Calculationst

rate coefficient

no. reaction A E, ref
la SiH+Ar=SiH+H;+Ar 7.2x10% 451 this study
2 SiH, + Ar=Si+ H, + Ar 9.1x 108 30.2 26

3 SkHg= SiH, + Si;Hs 7.8x 10 50.9 26

4 SkHg= H3SiSiH + SiH, 55x 10 52.0 26

5 SbHe = SiH; + SiH, 5.2x 10° 335 26

6 Ho+Ar=H+H+ Ar 22x10* 959 26

7 SiH; + SiH, = HsSiSiH+H, 1.3x 108 0.0 26

8 SIHZ + SIHZ = Sisz + H2 6.5 x 1014 0.0 26

9 SiH+ H,=SiH, + H 48x 10“ 236 26
10 SiH+ SiH;= Si,Hs+H 1.6x 10* 0.0 26
11 Si+H,=SiH+H 15x10% 31.8 26
12 SI+ S|H4 = Sisz + Hz 40 X ].014 00 26
13  Si+ Si;Hg = SigH, + 2H; 48x 10“ 0.0 26
14 H;SISiH = H,SiSiH, 7.9x 102 105 26

ak = A exp(—EJRT); cm?®, mol, s Units;E, is in kcal/mol.

|
=1 Pk PXa )

lo

(4)

Describing the line shape of the transition by a Voigt profile,
and assuming the frequency is at line center, it can be shown
that the absorption cross section at line center as a function of
T andP, ¢%(T,P), is given by

(TP _
o O(To- Po)

Qvib(TO)/I)3/2 °(T,P) 5)

el _ 1
exr{ PO )kC(T To) Qun(M\To) TPy

where Ty and Py are the reference conditions defined as 1757
K and 0.3 bar, respectively, and the reference cross section is
0%(To,Po) = 1.3 x 1071 cn?® per Markus and RotP In eq 5,
F(J") is the term energy calculated to be 108.61 ¢ifref 23),

his Planck’s constant; is the speed of lights is Boltzmann's
constant, andQi, is the vibration partition function of a

lo were sent to separate channels on a computer-based oscilharmonic oscillator with vibrational constants taken from

loscope consisting of two CS512 boards from Gage Applied
Sciences (4 channels total).

A typical SiH, absorption signal is displayed in Figure 4. In

Colvin et al?* (w1 = 2032 cnT?l, w, = 1004 cnTl, w3 = 2022
cm).
The Voigt profiles at line cente?, are defined in the usual

all experiments over the temperature and concentration rangegnanner as functions of the Doppler line widtkp, the collision

investigated herein, the Sjformed immediately after passage
of the reflected shock wave at= 0. At time zero, passage of

line width, Av., and the Voigt functionY. The Voigt function
at line centerV/(0,a), was taken from the procedure defined by

the requisite density gradient of the reflected shock wave through Pierluissi and Vanderwod.Finally, the absorption coefficient
the laser beam caused temporary beam steering and, hence, soni®™m €q 4 is related to the collision cross section via

extinction of the laser light; this phenomenon is identified as
the Schlieren spike in Figure 4 and lasted approximatef$ 3

us in most experiments. Signal-to-noise ratios between 5 and

0 O'O
k,=—-=7.337x 1021? atm *cm*t (6)

o
RT

10 were achieved in the absorption experiments, corresponding

to a resolution of approximately 0-8..0% absorption or about
1-5 ppm, depending on the conditions (ab&® ppm in Figure
4). The peak Sikl concentration in Figure 4 corresponds to
approximately 5% absorption.

A spectroscopic model of the Sitdbsorption, based primarily
on the model given in Markus and Rothyas developed to

Further details on the spectroscopic model can be found in
Markus and RotR3
Chemical Kinetics

When measuring the rate coefficient of the silane decomposi-
tion, reaction 1a, modern chemical kinetics modeling techniques

convert the absorption signals to mole fractions. Applying Beer's can be employed along with the latest rate coefficients to include
law to the shock-tube experiment, the differential absorption the effect of competing reactions. This approach was employed
measurement is related to the absorption coefficient at frequencyin the present study using the reactions and rate coefficients

v (cm™1), the total pressure behind the reflected shdtkhe
SiH, mole fraction,Xsin2, and the optical path length, (16.2
cm):

for silane pyrolysis summarized in Woiki et ®land listed in
Table 2. All chemical kinetics calculations were performed using
the constant-pressure option in the shock-wave subroutine of
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Figure 5. Sensitivity of SiH, concentration to the most significant  Figure 6. Sensitivity of Sit concentration to the most significant

reactions in the silane pyrolysis mechanism. Conditions correspond t0 reactions in the silane pyrolysis mechanism. Conditions correspond to
the SiH, measurement in Figure 2. the SiH measurement in Figure 4.

the CHEMKIN software? Likewise, all sensitivity analyses

were performed using the SENKIN softwafe. Similarly, a sensitivity analysis of the effect of the reactions

in Table 2 on the measured Sitboncentrations was performed.

Although the entire mechanism in Table 2 was used in the fFigure 6 presents the dominant sensitivities corresponding to

data analysis presented herein for completeness, only a few Ofie conditions of the Sikidata trace of Figure 4. Althoudhia

the 14 reactions are actually important over the temperatures. . . . ! . .
; : . . . is again the dominant reaction rate influencing the production
and concentrations of interest. Of primary importance is the

sensitivity of the measured species to reaction rate coefficientsOf Sit, for the present conditions, reaction 8 is almost as
of each yof the competin preactions Fiqure 5 shows the influential as a source of SiHemoval. The sensitivity of Sij

o . peting reac - 9 ; to reaction 7 is within about 20% of the sensitivity to R1a, and
sensitivity of SiH, to the rate coefficients of each reaction (where he silvi d - > . Iso h
only the dominant reactions are shown). The conditions of thet e silylene decomposition (R2) reaction rate also has a
sensitivities shown in Figure 5 were calcullated for the conditions sensitivity within 10%. Of course, the results of the sensitivity

. 9 X P analysis depend on the reaction mechanism defined in Table 2.

corresponding to the data trace provided in Figure 2. The

normalized sensitivities are defined as (#¥ma)(9Xsir/9k), Be_cause the reaction rate coefficients of the competing
wherek; is the reaction rate coefficient of thh reaction. reactions R2, R7, and R8 (Figure 6) are not well-kniutie
From Figure 5, the Sikiconcentration is most sensitive to US€ Of the Sikdconcentration measurements to discern the rate
the rate of the reaction of interest, i.e. of the main silane decomposition reaction was considered
secondary to the use of the Sikheasurements. As shown
SiH, + Ar = SiH, + H, + Ar (R1a) below, the SiH concentration measurements were nonetheless
useful in verifying the value ok;; obtained herein, although
Although the silane concentration is about six times more the resolution of the signals was not adequate enough to
sensitive to R1a, the closest competing reaction is the-SiH Simultaneously determine the rate of R8 (given the rate of R1a

removal reaction 7 involving reactions between Sird SiH; from the SiH, measurements). This issue is an ongoing one in
this reaction competes for SiHadicals with the Sikirecom- the authors’ laboratory, wherein an improved Sitagnostic
bination reaction 8 based on FM absorption spectroscopy has been set up.
SiH, + SiH, = H SiSiH + H, (R7) Results and Discussion
SiH, + SiH, = Si,H, + H, (R8) A total of 40 silane concentration profiles were obtained over

a range of temperatures from 1063 to 1734 K and pressures
The dominance of reaction Rla in the silane-concentration from 0.6 to 5.0 atm. Eleven experiments using the Sider-
sensitivity supports the use of Sjldoncentration measurements absorption diagnostic were performed for temperatures between
to discern the reaction rate coefficient of Rla. However, 1240 and 1643 K and pressures from 1.2 to 2.0 atm. Using the
inclusion of the best-known rates for the closest competing mechanism of Table 2 and CHEMKIN, the reaction rate of R1a
reactions still improves the accuracy of the measurement to somewas altered to fit each SiHprofile for each test; the resulting
extent. The additional reactions tend to accelerate the decom-hest-fit k;, was then defined as the measuiegfor that test.
position of SiH, so if they were ignored, the apparent rate of Figure 2 shows a typical comparison between the best-fit kinetics

R1a would be mistakenly higher. prediction and the actual Sildoncentration data. The agreement
The mechanism herein assumes that the, Sildlecules are  shown is visibly good and representative of the entire data set.

consumed by the decomposition reaction A linear regression of the data on an Arrhenius plot is
SiH, + Ar = Si+ H, + Ar (R2) displayed in Figure 7. Each symbol in Figure 7 corresponds to

a different initial SiH, concentration in argon. The resulting rate

In recent experiments yet to be published, the authors have foundmemmem in the form of eq 1 is

that R2 is particularly important as well, although still secondary 5 3
in its impact on SiH time histories compared to Rla. ko= 7.2 x 10° exp(-45.1RT) cm’/mol s (7
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Figure 7. Arrhenius plot of the present data for the bimolecular
decomposition reaction rate coefficieht.

The r2 of this equation is 0.98, and the uncertainty in the
activation energy ist1.2 kcal/mol. Referring to Figure 1, the
present value oEg; is near the middle of the span seen from
the literature.

Equation 8 provides a rate that agrees well with those of
earlier shock-tube experimerfts’-*within about 30% or better.
Conversely, the current measuremenkgfis higher than but
within a factor of 2 of the measurement by Mick et*®&lwhich
has an activation energy of 48.0 kcal/mol. Their experiments
were performed in highly diluted mixtures={L ppm SiH,) and

employed measurements of Si and H atoms using absorption 3

spectroscopy. They used a reaction set including only R1 and
R2 to fit their data and infer rates for each.

Possible errors and their impact on the measukigdvere
investigated in an attempt to justify the currdhy in light of
the wide range of values seen in previous studies (Table 1).
For example, interference from soot emission at longer times
would lead to an artificially larger Sisignal at later times,
resulting in a lower decomposition rate than in eq 7. Impurities
in the shock-tube test section such as oxygen and/or residua
particles tend to speed up the decomposition of silane. Hence
the effects of impurities would be higher for the lower-
concentration Sik mixtures, hence making these more-dilute
mixtures show an artificially faster decomposition rate. How-
ever, this effect is also not seen in the data of Figure 7, where
the 300-ppm Si mixtures produced decomposition rates
similar to those of the 1000-ppm mixtures within the accuracy
of the experiment.

The present silane-decomposition kinetics model agrees well
with the measured SiHprofiles. A typical comparison is shown
in Figure 4, where the agreement between the current silane
decomposition rate (and Table 2 model) is well within the
resolution of the Sikl measurement. This result is typical of
most of the measured Sjtprofiles, so further refinement of
either the kinetics model or the Sildpectroscopic model was
not performed. The impact of differences in the measiigd
by as much as a factor of 2 is shown in a representativeq SiH
profile (Figure 8) and a representative Siptofile (Figure 9).
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agreement between the present Silsults and the Table 2
model may be because some of the rates in Table 2 were
obtained using the particle-tainted technique. The results of these
later experiments are forthcoming in a future publication by
the authors.

Although shown above to be of secondary importance, the
impact of competing reactions and their lesser-kndgnan
likewise be estimated. Figure 8 shows in comparison with the
measured Sikltime history the model prediction with the rate
coefficient of reaction 8 being higher and lower than the value
in Table 2 by a factor of 2. The impact of such an uncertainty
in kg is not significant. Similarly, the impact ofs on the
prediction of a typical Sikitime history is shown in Figure 9.

As expected, because the Sidoncentration is particularly
sensitive to the rate of reaction 8 (Figure 6), uncertainty in its
reaction rate can have a larger predicted impact on the SiH

Unfortunately, the laser absorption measurements herein andprofiles than on the SiHprofiles (although still within the

in Markus and Rot are not immune to the presence of particle
formation, which tends to increase the level of laser extinction,
making the level of Sik appear artificially higher. Recent
experiments by the authors using a Sitliagnostic that is
insensitive to particle formation show results that are somewhat
different from those herein for the Sjime histories. The fair

uncertainty of the Siklmeasurement).
However, as mentioned above, the authors have noticed that

the value inferred fok;, from the present data depends on the

reaction mechanism employed. Nonetheless, even omissions of
and drastic changes to the rates in Table 2 (by more ¥1E0)
led to ki, correlations within about 50% of the final value



10994 J. Phys. Chem. A, Vol. 107, No. 50, 2003 Petersen and Crofton

SiH,=SiH,+H, F10°

extended in this paper. This robustness is testimony to the
dominance of R1la seen in Figures 5 and 8. 10°

Of particular interest is the fact that the bimolecular form of
the silane decomposition reaction, R1a, can represent all of the
data. This result is significant in that, for the range of total
pressures up to at least 5 atm, the silane decomposition rate
over the temperature range of this studylp00-1800 K) is

in the low-pressure limit and defined by the 2nd-order reaction ~

~

Rla. Therefore, over the range of most practical applications

of silane combustion, the rate coefficient of the primary X

decomposition step is not pressure dependent. One check on 103'5

this result is to correlate the data for only the lower-pressure

points. When the authors excluded all data above 2 atm, the

same rate coefficient expression as eq 7, within 0.2 kcal/mol

and with the same preexponential factor, was obtained. "wt-——-—— 1402
Quite often in the literature, however, silane decomposition 0.5 0.6 0.7 0.8 0.9

is expressed in its unimolecular form 1000/T (K™)

10*5

A 0.6 atm
o 1.0
m 20
v 45
— Linear Fit

SiH, = SiH, + H, (R1b) Figure 10. Arrhenius plot of the measured unimolecular decomposition
rate coefficientky, at various pressures.

When written in this fashionki, must be pressure dependent Tap| E 3: Rate Coefficient Constants for kyy, =

for all total pressures lower than the high-pressure ifitzhen A exp(—E4/RT) (s71) at Various Pressure Groupings
expressed in the form of R1b, the authors have found that the P A E 2
bimolecular and unimolecular rate coefficients of $dd¢com- 5

position are related by the total concentration over the range of g'g é(l)i %go ig'; g'ggf
the present study, i.éqp = kifM] (with M = Ar). This result 50 225 1010 403 0.987
implies that the pressure dependencekgfis linear for the 45 5.0x 100 41.0 0.943

present study, which agrees with the simple relationship between
kia andk;p, derived by ignoring competing reactions

6 6
d[SiH,] 107 ' 10

St =k JSHIM = —kySH]  (®) f / -

aE, is in kcal/mol, andP is in atm.

Other investigators have also concluded that is linearly ]
related to the pressure, namely Han et°and Meyerson et 10*4 1500 K L 10*
al28 As discussed in Han et df.the rate coefficient of R1b ]

was postulated by Coltrin et &.to follow the form —g,; 103_§ m] 1300 K -_103
kyp = (ot + DP)AL, T exp(—E,,/RT) © X )
109 = =10
However, Coltrin et af° found a value forx close to zero (i.e., ] 1100 K -
0.0504) and a value fdp close to one (i.e., 0.9496) using an 10'4 Symbols: k,, (Table 3) 10’
RRKM analysis of the experimental values of Newman ét‘al. ] —— Kk [M] (2" Order) [
for pressures from 0.006 to 1.0 atm. As a result, eq 9 predicts 0] * [ 0
. . 10 — . . . 10
kip to be essentially linearly related to the pressure, as observed 1
in the present experiments over a range of pressures from 0.6 Pressure (atm)

to 5.0 atm. Tanaka et &lwere also able to correlate their shock-
tube data by a single rate expression kaj (for pressures
between 0.25 and 1.3 atm), although they observel’a
pressure dependence fap,. for each temperature as lines. The good agreement between the
An Arrhenius plot ofk;p obtained from the data is given in  kyp, results and thég{M] approximation (i.e., the bimolecular
Figure 10. The data fall within four, average total-pressure result) is further confirmation that the present results are all
groupings: 0.6, 1.0, 2.0, and 4.5 atm. The rate coefficikpts  within the low-pressure limit of silane decomposition and not
in the form of eq 1 for each pressure group are summarized in within the falloff region, even at total pressures as high as 5
Table 3 and plotted as solid lines in Figure 10. When compared atm.
with the result forkia in eq 7, the activation energies fki, in Finally, the present results fda, are compared with the
Table 3 are about 4 kcal/mol lower and closer to 40 kcal/mol. results of previous investigators in Figure 12. When the literature
Another useful plot is that ok, versus pressure to discern results were given in terms &y, they were plotted in Figure
if the reaction rate is within the falloff region between the low- 12 in terms ok, by dividing by [M] for that set of experiments.
and high-pressure limits from unimolecular decomposition When plotted over the same temperature range, eq 7 is in good
theory. Using the curves from Table 3, the results of the presentagreement with the shock-tube results of Tanaka €étkabshi
experiments are plotted versus pressure in Figure 11 for 4et al.? and Mick et al'® Previous investigators have pointed
different temperatures: 1100, 1300, 1500, and 1700 K. The out that the shock-tube data of Newman et ate an order of
Table 3 results (representing the measured data) are displayednagnitude higher than the other, more-recent shock-tube data.
as points, whereas the estimate tkat= ki{M] is displayed However, this misconception is because their measurements

Figure 11. Unimolecular falloff plot for thek;, data (Table 3) in
comparison with a second-order rate coefficidagM].
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10" —————— 17— 10" described adequately by the bimolecular form, implying that
1 SiH, + M= SiH, + H,+ M . the reaction is still within the low-pressure limit at total pressures
10" p 10" as high as 5 atm.
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