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Development of in-situ Chamber Cleaning Technology for Hf-base High-k Materials
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For mass production of Si devices using high dielectric constant HfO, films, in-
situ chamber cleaning through dry process is indispensable. We have investigated
the heating method, i.e., thermal method, to apply for a batch type Chemical Vapor
Deposition chamber. In the case using BCl;-0, (4 %(volume)) mixture as cleaning
gas chemical, the etching rate of HfO, obtained was 30 nm/min and the selectivity
for Si0, was sufficiently 16. Moreover, from the surface analysis results of the
quarts substrate with HfO, perfectly removed, it was clarified that residuals such as
B originating from the etching gas mixture were not remaining and that there was
no roughness on the quartz substrate. It was proved that BCl;-O, gas chemistry is
the appropriate method as in-situ chamber cleaning for the CVD equipment of high
dielectric constant HfO, films.
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Fig. 1 Schematic set-up for etching of HfO2 High-k
dielectric films.
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Fig. 2 Etching rate caluculated by formula (1) depen-
dence on holding time using BCl3-O2 (10% (volume)) at
100 torr and 400°C .
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Fig. 3 Etching rate caluculated by formula (1) depen-
dence on Oz concentration in BCls at 100 torr and 400°C .
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Fig. 4 Relationship between temperature and HfO: film
etching rate for different process pressures. (solid marks
: BCl-4%0> (a), (4100 torr ; M50 torr ; A 10 torr) and
open marks : BCls (b), (<>100 torr ; (150 torr ; A 10 torr).
Etching rate caluculated by formula (3).
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Fig. 5 Arrehenius plots of HfO film etching rate for
different process pressures. (solid marks : BCl3-4%O: (a),
(4100 torr ; M50 torr ; A 10 torr) and open marks : BCls
(b), (<>100 torr ; 150 torr ; /A 10 torr).
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Fig. 6 Selectivity of HfO: film vs. SiO2 film at 100 torr and
BCl3-4% O..



Fig. 7 45°, SEM images of (a) as-deposition HfO: film,
(b) 100% over etching for quartz glass, and (c) 50 cycle
etching for quartz glass, at BCl-4 %0, 100 torr and 450°C.
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Fig. 8 AFM images of quartz substrate before and after
50 cycle etching at BCl3-4 % O, 100 torr and 450°C.
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Fig. 9 XPS spectra of Bis and Fex, for (a) as-depo HfO: film,
(b) 100 % over etching for quartz glass, and (c) 50 cycle
etching for quartz glass at BCls-4% O, 100 torr and 450°C.
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