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Fig. 2. Thermal oxide etch rates in HF/CH,OH at three differ-
ent pressures vs. wafer temperature.

above were also determined. The BPSG films initially 8500 A thick
were formed using a conventional chemical vapor deposition pro-
cess.

Results and Discussion

To accomplish the goals of this study defined above, the focus of
its experimental part was on: (/) establishing a correlation between
thermal oxide etch rates and pressure of anhydrous HF/CH,OH/N,
mixture and wafer temperature, and (i) determination of the effect
of methanol on the etch rates and chemical state of the Si surfaces.

Figure 2 presents the observed changes of thermal oxide etch
rates vs. wafer temperature at three different pressures. As seenin
this figure, the etch rates at any pressure decrease with increasing
wafer temperature and at higher pressures these changes are sig-
nificantly more pronounced. In addition, the etch rates are much
more reproducible at temperatures which, at any given pressure,
correspond to the etching regime assumed to be condensation-
free. Both these effects are an indication that with increased wafer
temperature, less condensation is gradually taking place and gas-
phase reactions are becoming a dominating factor in the etching
process. This behavior is reflected by the oxide etch rates up to two
orders of magnitude lower than typical rates obtained for vapor HF
etching (e.g., Ref. 6). In the condensation-controlled etching regime
identified in Fig. 2, variations of temperature and pressure can be
used to control etch rates of thermal oxide from zero to about
200 A/min. For the case of BPSG however, under the same pro-
cess conditions the elch rates remain very high; typically etch rates
in excess of 6000 A/min were recorded which means that BPSG:
thermal oxide etch selectivity in the range of thousands can be
accomplished. These high etch rates are believed to be due to the
heavy hydration of BPSG resulting in significant enhancement of
the etching reaction. At the temperatures and pressures applied in
this experiment moisture contained in BPSG is not driven away fast
enough to prevent fast oxide etching.

In order to verify the effect of methanol on the oxide etching in the
condensation-controlled regime, the etch rates for various CH,OH/
HF ratios were determined. The results shown in Fig. 3 clearly
demonstrate that methanol is responsible for initiating the etching
process. An important data point shown in Fig. 3 is the apparent
lack of any etching taking place at the CH,OH/HF = 0, i.e., during
oxide exposure to gaseous HF only. This result indicates that
methanol is the initiator of the etching reactions, and hence, that the
controlled, effective etching of dry thermal oxide can be accom-
plished without intentional addition of water vapor to the input
gases. Further experiments are needed to determine the exact role
of moisture very likely generated as a product of chemical reactions
involved in efching. The participation of such moisture does not
change the fact that the mechanism of HF/CH,OH etching appears
to be different from vapor HF/H,O etching. This notion is supported
by the comparison between predicted SiO, eich rates for the HF/
H.O process at 25 and 100 Torr’ with etch rates observed in this
experiment at the same temperature and pressure. In this last case
etch rates are six to eight times lower, which indicates a different
mechanism than in conventional vapor HF/H,O process.
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Fig. 3. Thermal oxide etch vs. CH,OH/HF flow ratio.

Following the preliminary speculations,* the same HF, species
are assumed responsible for oxide etching in the case of both vapor
HF and HF/CHLOH eiching. Since the former is known to yield a
mostly hydrogen-terminated silicon surface,® one can expect the
same in the case of HF/CH;OH etching. Two observaitons support
this speculation. One is that silicon surfaces, from which the oxide
was removed entirely using the HF/CH.OH chemistry, display hy-
drophobic features as revealed through visual inspection of the
behavior of water droplets on the etched surfaces. The second
comes from the x-ray photoelectron spectroscopy (XPS) character-
ization. Figure 4 shows XPS spectra obtained in this experiment for
HF/CH,OH treated surfaces. As XPS cannot detect hydrogen,
weak F,, and O, peaks may be an indication of a mostly hydrogen-
terminated surface. In fact, the XPS spectrum in this case is strik-
ingly similar to the one reported for a vapor HF treated silicon
surface.”

Summary

The results obtained in this experiment show that by using a
reduced-pressure, elevated-temperature HF/CH,OH process, a
controlled gas-phase efching of thermal oxides with etch rates of up
to 200 A/min is accomplished without the intentional addition of
water vapor. To assure adequate process reproducibility and con-
trol, the etch parameters preventing condensation of the reactants
and water on the etched surface have to be selected, Under the
process conditions preventing condensation and eliminating mois-
ture from interacting with etched surfaces, BPSG: thermal oxide
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Fig. 4. XPS spectrum from HF(1)/CH,0H(4) etched silicon
surface at 90°C, 100 Torr.
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etch selectivity in excess of 6000 was observed. Also, indirect
evidence suggests possible hydrogen termination of etched silicon
surfaces.

One application for which the technigue presented in this report
appears to be well suited is eiching of sacrificial oxide in the cluster
tool environment immediately prior to gate oxidation.
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