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ABSTRACT

Reduced pressure etching of thermal oxide in anhydrous HF gas with three different alcoholic solvent vapors is studied.
Thermal oxide etch rates as functions of temperature, pressure, time, and HF partial pressure are presented for methanol,
ethanol-water azeotrope (95.6% ethanol, 4.4% water), and 2-propanol (isopropy! alcohol). The etch rates are interpreted
in terms of alcohol vapor pressure, HF ionization, and reaction product desorption. The efficient desorption of reaction
products compared to vapor HF/H,O is believed to be responsible for both the wider process window for alcoholic solvents
and the alleviation of the solid residue formation problem. Among the alcoholic solvents studied, methanol has the best
potential while 2-propanol can also be useful in selected applications.

Introduction

Vapor-phase oxide etching in anhydrous hydrogen fluo-
ride (AHF) gas and water vapor (vapor HF etching) is being
used in several applications. It can be used as a single-
wafer process for both wafer surface conditioning and ox-
ide removal. Process and tool development for vapor HF
oxide etching applications has focused primarily on keep-
ing pace with increasingly strict uniformity, selectivity, and
repeatability requirements while at the same time reducing
residues which remain on the wafer following such etching.
Passivation against reoxidation is also required for chemi-
cal vapor deposition (CVD) and contact applications. Not
all these requirements have been equally satisfied using
vapor HF chemistry alone. Most notably, a water rinse is
required following the vapor HF etch to remove residue
which remains on the surface.! The rinse represents a par-
tial retreat to aqueous cleaning and complicates the inte-
gration of the vapor HF etch with gas-phase reduced pres-
sure process steps.

Recently, the substitution of alcohol for water vapor in
AHF etching has been found to offer advantages in gas-
phase oxide etching.”® The alcohols replace water in the
roles of etch initiator and mediator. The advantages associ-
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ated with alcohols stem from the ability to control the H,O
by-product concentration in the condensed surface react-
ing layer. By eliminating H,O from the oxide surface, alco-
hols continuously remove the least volatile species in the
etch reaction, and the surface condensed layer is controlled
to minimal thickness. Consequently, AHF/alcohol etching
promises to be an effective part of an overall cleaning strat-
egy for implementation in cluster tools.

Here, we extend our preliminary report in which pres-
sure, temperature, and gas flow rates are used to control the
oxide etch rate with AHF and methanol.® Different AHF
solvents are compared in the same cluster compatible reac-
tor using thermal SiO, etch rate as the basis for comparison
to gain insight into the nature of the differences between
them. Ethanol-water azeotrope and 2-propanol (isopropyl
alcohol), are used in addition to methanol as organic sol-
vent vapors in AHF etching of dry thermal SiO,. These
solvents are miscible with both water and AHF in any pro-
portion. The reason for using ethanol-water azeotrope,
rather than pure ethanol, was to investigate the effect on
thermal oxide etching of adding a small controlled amount
of water to the solvent gas. The ethanol-water mixture has
an azeotrope with only 4.4% water at 1 atm, which is less
water content than in the propanol-water azeotrope.

To interpret the AHF/alcohol etch rates, it is helpful to
consider the vapor pressures of the feed gases and how the
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