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ABSTRACT

The decomposition processes of SFg-0, mixtures under radio-
frequency discharge has been studied in a flow reactor as a
function of the residence time and the feed composition at the
constant pressure of 1 torr. Analysis of the discharge products
and the emission intensities of electronically excited F-
and O-atoms have been utilized for suggesting a kinetic reac-
tion mechanism.

1. INTRODUCTION

SF¢ and SFg-0, mixtures have recently been used /1/ among
the various perfluorurated gases for the "dry etching" of si-
licon integrated circuits with the aim of finding new reagents
and for a better understanding of the role nlayed by some acti-
ve species in the plasma-surface processes. A good knowledge
of the chemistry and kinetics of the decomposition process of
these mixtures in electrical discharges is essential in desig-
ning and operating large scale reactors.

The present study deals with SFg-0, gas mixtures under R.F.
flow discharge conditions operated in alumina tubular reactor
at 1 torr. We have studied the progress of the decomposition
process by analyzing the dicharge stable products as a func-
tion of the space-time and by measuring the emission intensi-
ties of F- and O-atoms. Profiles of F-atom densities have been
determined with recently suggested spectroscopic technique /2,
3/. Direct titration of F-atoms with chlorine has confirmed
the spectroscopic analysis. The conversions data of SFe and 0,
into stable products have been fitted by an over-all bimolecu-
lar process which can find its interpretation in a simplified
kinetic mechanism.

2. EXPERIMENTAL

Details of the experimental apparatus can be found elsewhe-
re /1d/. The analysis has been carried out at 1 torr, with po-
wer input of 45 watts, feed composition |0,|/{]0,|+|SFs|} ran-
ging between 0 and 0.8 and residence time between 8 and 70 m
sec.

The analysis of the stable products was performed by means
of various techniques, as detailed in ref.4. SF¢, F,, SOF,,
S0,F2, and 0, were found to be the main discharge products.
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SFy and SOF, were found only as trace species when oxygen is pre-
sent in the feed.

The axial radiation from the discharge tube was sampled thro-
ugh a sapphire window and focused on the plane slit of a 1 m
Jarrel-Ash monochromator, equipped with a 1180 grooves/mm gra-
ting and an EMI QB photomultiplier. 1% of Ar or N, were added as
"actinometer"” gases to the discharge mixtures and their emissi-
ons measured as a function of the feed composition in order to
determine the excitation efficiency of the discharge electrons.
Chlorine for F-atom titration was fed at 90° in the afterglow
stream by means of specially designed teflon system, which al-
Tows to monitor the chemiluminescent recombination C1 + C1 + M
= Cla + M + hv, which follows the rapid reaction Cl1, + F = CI1F +
C1.

3. RESULTS AND DISCUSSION

In figure 1 the molar fractions of the main stable discharge
species are reported as a function of the space-time V/F (msec)
( with V = discharge volume and F = total gas flow rate at the
temperature and pressure of the reactor) for a 20% feed composi-
tion. One can observe that the molar fractions of both SF¢ and
0, decrease with increasing the time and that the main reaction
products are S0,F, , SOF, and F,. The eventual introduction into
the discharge zone of silicon substrates in such a small amount
to avoid any loading effects, leads to a remarkable variation of
the product distribution, with the appearence of SiF, and SOF,,
and a significative lowering of fluorine concentration. The pre-
sence of silicon substrates does not, however, alter the over-
all SFe decomposition process.

The study of the decomposition processes in the discharge and
the design of rectors for dry etching require the knowledge of
the densities of the main unstable species; among those F- and 0-
atoms are of particular interest because both are reported /1d/
to interact with silicon during etching processes.

In figure 2 the molar fractions of F-atoms and the relative 0-
atom emission intensities (7775 A) are reported as a functlion of
the space time. The molar fractions of 0, and F, have also been
included in the figure for comparison. It can be observed that
the atom profiles closely follow those of the parent molecules.
The F-atom molar fractions have been evaluated on the basis of
the titration data and of the determination of the excitation ef-
ficiency of the discharge electrons responsible of the excita-
tion of the emitting states; this has been done by means of the
addition of the "actinometer" foreign gases /3/. The close rela-
tionship between F-atom emission and their concentration should
apply also for O-atoms, although a direct titration of O-atoms
has not been performed.

In figure 3 the total conversions of SFs and of 0, along with
the conversions of SFg into SO,F, and SOF, have been plotted as
a function of the space-time. The experimental data have been
fitted assuming a "plug-flow" reactor and an overall bimolecular
process, with a reaction rate r = k |0,] |SFs|. Best fit curves

have been obtained with k = 5.3 10 % cm’ mole sec-'. This kine-
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tic behaviour can be rationalized by the simplified reaction se-
quence reported below:

SFy = SFx-, + F ( x = 3-6) (1)
SOF ,

by + l; B —— Sor, ( x = 3-5) (2)
S0, F,

SOF, + F, F», -—  SOF;, SOF, (3)

in which the sequence of rapid reactions between SFy radicals
and F-atoms leads to a discharge equilibrium among the SFy spe-
cies. Reactions (2), which represent the oxidation processes and
likely involve atomic more than molecular oxygen, are the rate
determining step for the over-all conversion process of SFginto
products. This should explain the observed dependence of both
SF¢ and 0, concentration, in fact the concentration of SFy radi-
cals is directly related to |SFg| and that of O-atoms to [0:]

( see figure 2).

The absence of SOF, in appreciable amounts at any times should
be considered an indication that reaction (3) is very rapid in
presence of high values of F-atom concentrations; in fact a dra-
stic lowering of |F|, observed when Si samples are introduced in
the discharge stream, leads to the appearence of SOF, among the
discharge products and to a decrease of SOF,. It can also be ob-
served from the inspection of figure 3 that the conversion into
SO0,F, closely parallels that into SOF,. This should exclude any
direct significant transformations between the two oxyfluorides
under the present conditions.
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