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The reaction of silanes with oxygen atom is very impor-
tant because of the roles in semiconductor fabrication such
as chemica vapor deposition (CVD) processes, aswell asin
the study of unstable nature under oxygen atmosphere
including combustion and explosion processes. However,
experimental kinetic data for the reaction of oxygen atom
with silanes are not well documented and are very limited,
compare to the data for the reaction with olefins.*® The
O(®P) atom reactions with SIHCI3 and SiH, were theoreti-
caly studied by Q. Zhang et al.* They calculated the rate
constants with the Arrhenius expression over awide temper-
ature range of 200-3000 K, specificaly on the hydrogen
abstraction channel, optimizing geometrical parameters of
reactants at saddle point by ab initio method. Buchta et al.
reported the experimental work on the reaction of O(P) with
silanes by discharge flow method and mass spectrometry.>®
The rate constant for the reaction of O(*P) with SIHCl3 was
given as afunction of temperature, k = (1.41+ 0.28) x 107!
cm®molcules™ exp[—(13.5 + 2.7) kdmol™Y/RT] in the range
of 298-773 K, however, the rate expression considered only
hydrogen abstraction channel rather than totd reaction path-
ways.®

In this note, we report kinetic data on the measurements of
total reaction pathways for reaction of O(3P) with SIHCl3
and SiHs, by using discharge flow/chemiluminescence
imaging technique. The rate constants were obtained to be
(1.38+0.06) x 10 cm®molecule’s™ for SiH, and (1.74 +
0.13) x 10 cm®molecules™ for SIHCl; at 298 K. The
NO. chemiluminescence was observed and analyzed utiliz-
ing second order rate equations, which provides apparently
much information at an initial reaction zone.>’

Experimental Section

The discharge flow/chemiluminescence imaging systemiis
well described in the previoudly reported articles®’® The
flow velocity was controlled by the total amount of gas
injected and the inner diameter of reaction tube. During the
experiment, the flow velocity was controlled to be 86 cms™
in borosilicate reaction tube (inner diameter = 30 mm) by

mass flow controllers (MKS, 1179A). A capacitance gauge
(MK'S 626) was used to monitor the pressure in the reaction
zone. The reaction tube was replaced after a set of measure-
ments, considering a possible contamination of reaction
products on the wall.

The ground state oxygen atom, O(3P), was generated by
using microwave (Opthos, MPG-4M) discharge of 1% O-
balanced in He. The concentrations of O(P) are proportional
to the intensity of chemiluminescence from the following
reactions (1) and (2).

OCP) +NO+M — NO; +M (1)
NOz* — NO, + hv (2)

The chemiluminescence was monitored by a charge coupl-
ed device (CCD) camera (Princeton Instrument, CCD-763)
equipped with a personal computer for data acquisition. The
exposure time was 0.5 s for a single shot and the signals
were accumulated by 50 times.

The C;H4 (Aldrich, 99%) and SiH3Cl (Aldrich, 99%) were
purified by freeze-thaw method and diluted by He (Praxair
Korea, 99.9995%) to 5% and 1.4%, respectively. The gas
mixtures, O, (0.98% in He, Praxair Korea), NO (1.0% in He,
Praxair Korea), and SiH4 (1.32%, Korea Research Ingtitute
of Standards and Science) were used without any further
purification.

Results and Discussion

The following reactions were examined to obtain their rate
constants at 298 K by using theinitia rate method.

SiH4 + O(CP) — products ©)
SIHCI3 + O(°P) — products 4

The reaction rates are determined from the decay rate of
oxygen atom concentration during the reaction in the
flow reaction tube. The oxygen atoms are consumed by
the reaction with silanes, as well as the wall of reaction
tube by the collision, as given in equations (5) and (6),
respectively.
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O+A L products (5)

O +wall LR products (6)

where, ki is the rate constant of bimolecular reaction; ky is
the first order rate constant for wall effect regarding the
consumption due to O, and also reaction products. Near the
injection point, the rate equation for the consumption of
oxygen atom is described by the equation (I) since the
reaction (5) ismajor process.

—% = ky[O] + ky[O][A]

= kw[o] + kbi[o] ([O] + [A]o_[o]o) (l)

By solving the eguation (1) we could get the integrated rate
expression asfollows

Ol _ LAl + Kylkey
In[O]O——(kw+kbia)t+ In[A]o+ k. (I

where, a=[A]o — [Olo; [Alo and [O]o are the initial concen-
trations for the sample and O(°P) atom, respectively; [A]; and
[O]: represent their concentrations at specific reaction time,
t. Because [A]; comesto [A]o as t is close to 0, the equation
(I1) is approximated to the equation (111).

@—Inh:—(kw+kbia)t (1)

| =
o1, M,

where, I and lo indicate the intensities of chemilumine-
scence a specific time and t = 0, respectively. The initia
concentration of oxygen atom, [O]o, can be determined by
the equation (1V).
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Figure 1. The In(l/lo) versus reaction time are plotted for different
concentrations of (a) SiH4 and (b) SIHCI; at 298 K. The O(°P) atom
decay rates, Kuecay, Were obtained from the slope of this plot.
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Figure 2. The second-order decay rate coefficient, Koecay, are
plotted versus (a) [SiH4]o-[Olo; (b) [SHCl3]o-[O]o at 298 K.
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where, [O].. represents the concentration of remaining
O(®P) when the samples are completely consumed.’

We observed the decay signa of the NO. chemilumine-
scence derived from the reactions of O(’P) atom with
samples SiHs and SIHCls. Data from the first 100 pixels
(~5.34 x 1072 s) are considered as for the reaction near t = 0
and are used to plot In(l/lo) versus reaction time as shown in
Figure 1. The dope from this correlation determines a decay
constant, Keecay = —(kw + kuid). Figure 2 shows the plot of
—(kw *+ kuid) versus [Alo— [O]o @ different concentrations of
initialy injected sample in the reaction tube to determine the
bimolecular rate constant k. The measured bimolecular rate
constants are summarized in Table 1.

In earlier work,” we have confirmed reliability of our
measuring method showing a good agreement with previ-
ously reported rate constants for the reactions of O(°P) with
CHg (7.3 x 102 cm®molecule’’s™),! CRal (45 x 10°%2

Table 1. Bimolecular rate constants for SiH, and SIHCls. All data
are obtained at room temperature

rate constant, ki / (cm*molecule™’s™)
sample

thiswork reported value
SiH, (1.38+0.06) x 1073 4.8 x 107132
2.8x10°%b
35x10%¢
SIHCl3 (1.74+013) x 103 5.94 x 1074¢

3flashphotolysis with O/NO chemiluminescence detection™; Pdischarge-
flow method with ESP detection of O atoms (DF-ESR)™; %lashphoto-
lysis 5rasonancehﬂuor&ecence technique'?;, “discharge-mass  spectro-
metry
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cm’molecule™s™),° and CHsl (1.8 x 107" cm®molecule™
s1).° The rate constants for the reaction of O(P) with SiH,
and SiIHCI; were determined to be (1.38 + 0.06) x 1073 and
(1.74 £ 0.13) x 10 cm®molecules™, respectively. For the
reaction of SiHa, our rate constant is smaler than the
previously reported data (see Table 1).1%2 They produce
O(®P) by flash photolysis of O, and NO in metallic reaction
cell, the chemiluminescence signal is decayed by the
reaction of O(®P) atoms as well as by the diffusion from
observing zone. In our system, O(®P) concentrations are
uniform over afull reaction cell until the sample isinjected.
Moreover, a sufficient amount of chemiluminescence inten-
sity provides a high signa to noise ratio (S/N) under second
order reaction condition. In contrast, under pseudo-first
order condition, the /N of chemiluminescence is relatively
small due to the weak chemiluminescence intensities obtain-
ed from a low concentration of O(*P) atom. Obtained rate
constant for SIHCl3, (1.74 + 0.13) x 1072 cm®molecule”’s™,
indicates total consumption of SiIHCI3; and showsto belarger
than reported value (k = 5.94 x 10* cm®molecule™s™).®
Note that their measurement was carried out using excess
O(®P) concentration with moving sample injector system
under pseudo-first order condition.>®

Notes
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