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ABSTRACT

We propose a model for a gas-phase etching of silicon dioxide using anhydrous HF gas and methanol (CH;OH) vapor
on the basis of its mechanism and characteristics which were reported by previous researchers. Here, the etch reaction
rate was assumed to be determined by the formation step of HF; resulting from the ionization reaction between HF and
CH,OH adsorbed physcially on the oxide surface. The validity of this etch model was confirmed by the experimental data
obtained from etching thermal oxide and tetraethylorthosilicate (TEOS) oxide at various etching conditions: HF partial
pressure of 2 to 35 Torr, CH,OH partial pressures of 0.3 to 4.5 Torr, and wafer temperatures of 25 to75°C. It was shown
that the gas-phase etching of the oxides could be well characterized by the behaviors of physical adsorptions for HF and
CH,OH molecules on the oxides, which were expected from the Brunauer-Emmett-Teller (BET) equation with the values
of parameters in the etch model. Also, it was shown that the etch selectivities between the thermal oxide and the TEOS
were mainly dependent on the wafer temperature and the reactant partial pressures, and could be in the range of 2 to 30

according to the etching conditions in the gas-phase regime.

Introduction

After Holmes et al. reported HF/H,O vapor etching tech-
nology in 1966, the etching of silicon dioxide using
HF/H,O vapor has been extensively characterized as a
promising method to replace HF wet processes used in sil-
icon processing technology.”* In the early stage, such etch-
ing of silicon dioxide was mainly performed at pressures
to form a condensed layer of HF/H,0O mixture on the oxide
surface.

Recently, the gas-phase etching of silicon oxide at
reduced pressures has been found to have advantages in
the reduction of particle generation, high etch selectivity
between different oxide films, and compatibility for clus-
ter system.”'® In addition, it has been found that using
methanol (CH,OH) vapor instead of water vapor in the HF
vapor etching of SiO, layers on silicon suppresses the for-
mation of solid residue on the etched surface and results in
improved etch characteristics as compared to HF/H,O
vapor process.''™

Consequently, the gas-phase etching of oxide films using
anhydrous HF gas and CH,OH vapor promises to be a very
effective technology for cleaning and etching processes.
However, a detailed model for the gas-phase etching of sil-
icon dioxide has not been proposed yet, although its mech-
anisms and characteristics have been reported by previous
researchers.

In this paper, we propose a model for the gas-phase
etching of silicon dioxide film on silicon wafer using anhy-
drous HF gas and CH,OH vapor on the basis of such mech-

anisms and characteristics. The etch model was verified

using the experimental data obtained from etching ther-
mal oxide and tetraethylorthosilicate (TEOS) oxide at var-
ious etching conditions of the reactant partial pressures
and wafer temperatures. The etch rates and selectivities
for the thermal oxide and the TEOS were characterized by
the behaviors of physical adsorptions for HF and CH,0H
on the oxide surfaces depending on their partial pressures,
wafer temperature, and the kind of oxide films.

Etch Model

It has been recongnized that etching in a gas-phase
regime takes place via a slow gas-solid reaction that is cat-
alyzed by adsorbed moisture on the oxide surface. HF;,
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which is formed by ionization of HF molecules at the oxide
surface due to the adsorbed H,O (or CH,OH) molecules, is
the most significant reactant in the gas-phase etching of
silicon oxide” just as in the liquid-phase etching.'* It was
also reported that the etch rate and selectivity for oxides
in the gas-phase etching were affected by the amounts of
HF and H,0 adsorbed physically on the oxide surface.®

From these elements, the etching reaction steps can be
proposed as follows; the HF gas molecules and the CH,OH
(or H,0) gas moledules in the etch chamber adsorb physi-
cally onto the oxide surface

HF(g) = HF(ads) 1)
M(g) = M(ads) (M = CH,OH or H,0) [2]

The ionization reaction between the adsorbed HF and the
adsorbed CH,OH (or adsorbed H,O) as shown in Eq. 3
results in HF, that is the most significant species for etch-
ing of silicon oxide. Here, this ionization reaction step is
assumed to determine the etch reaction rate. This
assumption can be supported by the facts that the etch
reaction is limited by the presence or the partial pressure
of CH,0H (or H,0)

2HF(ads) + M(ads) — HF, (ads) + MH"(ads) [3]

It can be imagined that the etching of oxide will proceed
with sequential substitutions of O atoms in the oxide with
F in HF, resulting from Eq. 3, however, the precise chem-
istry of each substitution reaction step is not yet available.
Therefore, an overall chemical reaction of etching oxide is
shown in Eq. 4 that might be divided into many elemen-
tary reaction steps

Si0,(s) + 2HF; (ads) + 2MH ' (ads) — SiF,(ads)
+ 2H,O (ads) + 2M(ads) [4]
Equation 5 and 6 indicate the desorption steps
SiF,(ads) = SiF,(g) [5]
M(ads) = M(g) (6]

From the above-mentioned steps, especially considering
the assumption that the ionization reaction is a rate-deter-
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