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Catalyst Enhanced Chemical Vapor Deposition:
Effects on Chemical Vapor Deposition Temperature
and Film Purity

several precursors have been shown to have catalytic activity,
the complexes [Pgf-2-methylallyl)(acac)] {, acac= acetyl-
acetonateé)and [Pd(hfag)] (2, hfac = hexafluoroacetylaceto-
natey have been shown to be particularly useful for CECVD
under oxidative or reductive conditions, respectively.
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A number of enhancement methods have been developed for
chemical vapor deposition (CVD) processes, and these may

serve either to lower the temperature of the CVD process, thus Bu Bu
allowing films to be grown on thermally sensitive substrates, 0 0
or to improve the purity of the deposited films. Common ) I )
enhancement methods include the use of reactive carrier gases, t, )

. . . . Bu J3 tBu g4
photochemical irradiation using standard UV sources, lasers or 5 .

synchrotron radiation, ion beams, and plasfadt is also well-
known that some CVD processes in which catalytically active
metals are deposited may be autocatalytic and that seeding a
surface with an active metal may promote selective CVD on
the seeded areas, particularly if a reactive carrier gas such as
hydrogen or oxygen is also uséd It is thought that the
catalytically active metal acts as a reactive site for adsorption
and dissociation of the CVD precursor and, in the presence of ) . ) .
a reactive carrier gas oxygen or hydrogen, greatly facilitates Y@ (Y203) and zirconia (ZrQ) are important as advanced
removal of ligand fragments from the surface by catalytic materials or components of more complex oxu;le matenals; thus,
oxidation or reduction, respectively® In turn, this regenerates  there has been much interest in CVD of thin films of these
a clean surface for further precursor adsorption and decomposi-cCompounds. The complexes [Y(thd) (3) and [Zr(thd)] (4,

tion. If this interpretation is correct, it seemed possible that thd= 2,2,6,6-tetramethyl-3,5-heptanedionate) are good precur-
catalysis of the CVD of a noncatalytic material might occur by SOrs for yttria and zirconia thin films based on their good
co-deposition (rather than pre-deposition as in the prior literature VO"?‘““t'_e%' ease of preparation, and storage (they are stable to
described above) of a catalytically active material. Such a moist air)® However, because they hqve hlghthe(mal stabllltles,
process could be termed catalyst-enhanced chemical vapot® CVD processes must be carried out using very high
deposition (CECVD). This paper demonstrates that CECVD deposition temperatures. When vertical co_ld-waII_CVD_ reactor
using a palladium precursor is possible and that it can be was.used, reasonable groyvth rates of yttria or zirconia were
effective either in lowering the temperature of CVD of films of ©btained only at 700C using oxygen as the carrier gas, and
yttria or zirconia from theirS-diketonate precursors or in the minimum temperature at which CVD was observed was 500

reducing carbon impurities in CVD films of cobalt alloys formed °C: However, in the presence of low concentrations of the
from an alkyne complex precursor. palladlum precursat in the oxygen carrier gas, yttria or zirconia
Previous studies have shown that CVD of palladium can be films could be grown from the CVD precursoor 4 at

enhanced by use of either hydrogen or oxygen as reactive carrief€mperatures from 36€860°C. The deposition conditions, data
gases and can be very surface-selectiven addition, it is from surface analysis of the films and, when measured, the
known that palladium is a highly active catalyst %or both deposition rates are listed in Table 1. Itis clear that under the
hydrogenation and oxidation and that it yields a very active OPtimum conditions, no carbpn impurities are detected and, most
surface for CVD of other metafk® Palladium was therefore  fémarkably, that the palladium content is often too low to be

chosen as the catalyst component for CECVD, and although detected by XPS analysis. The use of oxygen as reactiye cgrrier
gas was essential, and no useful films were formed using either
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as 500°C. The films could be grown on several substrates,
including glass, silicon, silicon oxide, aluminum, titanium

(3) (a) Motojima, S.; Hasegawa, |.; Kagiya, S.; Asakura, S.; Kamaguchi, nitride, and platinum, and the films show excellent adhesion in

M.; lwanaga, H.J. Phys. 1V1993 3, 599. (b) Motojima, S.; Itoh, Y.;
Asakura, S.; lwanaga, H. Mater. Sci1995 30, 5049. (c) Narciso-Romero,
F. J.; Rodriguez-Reinoso, B. Mater. Sci 1996 31, 779. (d) Motojima,
S.; Asakura, S.; Hirata, M., lwanaga, Mlater. Sci. Eng1995 B34, L9.
(e) lwanaga, H.; Kawaguchi, M.; Motojima, Spn. J. Appl. Phys1993
32, 105. (f) Matsumura, H.; lhara, H. Appl. Phys1988 64, 6505.

(4) (a) Yuan, Z.; Puddephatt, R. Adv. Mater. 1994 6, 51. (b) Zhang,
Y.; Puddephatt, R. hem. Vap. Depositn press.

(5) (a) Zinn, A. A,; Brandt, L.; Kaesz, H. D.; Hicks, R. F. in ref 1b, pp
329-355. (b) Xu, C. Y.; Hampden-Smith, M. J.; Kodas, T.(Qhem. Mater.
1995 7, 1539. (c) Lin, W. B.; Warren, T. H.; Nuzzo, R. G.; Girolami, G.
S.J. Am. Chem. Sod993 115 11644. (d) Lin, W. B.; Wiegand, B. C.;
Nuzzo, R. G.; Girolami, G. SJ. Am. Chem. Sod996 118 5977. (e)
Lehmann, O.; Stuke, MAppl. Phys. Lett1992 61, 2027. (f) Yuan, Z.;
Jiang, D. T.; Naftel, S. J.; Sham, T. K.; Puddephatt, RCdem. Mater.
1994 6, 2151.

(6) (a) Gerveny, L.Catalytic HydrogenationElsevier: The Netherlands,
1986. (b) Rylander, P. NCatalytic Hydrogenation in Organic Synthesis
Academic Press: New York, 1979. (&recious Metals: Science and
TechnologyBenner, L. S., Suzuki, T., Meguro, K., Tanaka, S., Eds.; |. V.
Nielsen Historical Publications: Austin, TX, 1991.

S0002-7863(97)01588-6 CCC: $14.00

all cases. At a CVD temperature of 38Q, the growth rates

for selected yttria and zirconia films were 1.25 and @cb/h,
respectively. Palladium-free films are transparent and colorless
but pale yellow or pale brown films were formed if palladium
contamination was detectable. SEM images (Supporting In-
formation) of the yttria and zirconia films show that, except
for those formed on aluminum, they are very uniform with an
open, amorphous structure. The particle sizes ranged from 40
to 300 nm depending on the substrate used. The smoothest
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Table 1. Deposition Conditions,Film Composition, and Deposition Rates for Yttria and Zirconia Thin Films

film composition (atom %)

source materials (precursor/catalyst/substrate) T(°Cp Y or Zr (0] C CVD rate gm/h)
Y (thd)s/1%glass 315/135/20 44.2 50.1 49 1.25
Y(thd)y/l/glass 360/135/20 44.6 53.6 0
Y (thd)/1/SiC, 360/135/20 48.5 51.5 0
Y (thd)y/U/TiN 360/135/20 47.6 52.4 0 1.25
Y (thd)o/ /Al 360/135/20 47.8 52.2 0
Zr(thd)/Vglass 360/160/20 45.2 54.8 0
Zr(thd)/Uglass 300/170/20 38.9 61.1 0
Zr(thd)/UTiN 360/165/20 41.0 59.0 0 0.5
Zr(thd)/1/Si 360/170/20 449 55.1 0
Zr(thdW/1/SiO, 360/165/20 435 56.5 0

a|n all cases: carrier gas,@t 50 mL/min; pressure 1 Torr; Pd content is undetectably fadeposition temperature/temperature for precursor
reservoir/temperature for catalyst reservéifnalytical values obtained after argon sputtering. The theoretical values are 40.0% yttrium and 33.3%
zirconium, respectively; note that the films are somewhat oxygen-deficient, as expected when formed by CVD and not annealed under oxygen.
d Compoundl is [Pd(2-methylallyl)(acac)].

films were found on TiN substrates, while the films on this case, the CECVD cannot be used to prepare pure cobalt
aluminum were comprised of large particles (ca. 300 nm) with films but can be used to easily prepare coballladium alloys
many cracks and cavities. Other palladium precursors which that are free of carbon contamination and have potential
showed catalytic activity include [PgR-allyl)(fod)], [Pd(;®- applications as magneto-optical materials. The palladium
allyl)(hfac)], and [Pd(acag), (fod = 2,2-dimethyl-6,6,7,7,8,8,8-  precursor? is preferred for this CECVD process sintés not
heptafluoro-3,5-octanedionate), but best results were given bystable in the presence of hydrogen.
complexl. For example, the problem of fluorine contamination The CECVD of pure Co/Pd films can be explained by the
of the oxide films was observed when using the fluorine- catalytic properties of the palladium metal, which can hydro-
containing precursors. Prior seeding of the substrate with genate the carbon (from decomposition of the phenyl group in
palladium followed by thermal CVD of yttria or zirconia under the phenyl acetylene) into volatile hydrocartféhit seems that
the same conditions as used in CECVD did not give good films; there is a minimum palladium content in the forming Co/Pd
the co-deposition is clearly important. alloy film which is needed to allow this catalytic effect.
During the CVD of cobalt metal thin film&serious carbon ~ However, it is not so clear how the CECVD of yttria and
contamination is found if [C4CO)(PhG=CH)] (5) is used as  zirconia occurs, since the catalytic effect is observed even when
the CVD precursor even when using a hydrogen carrie®gas. the resulting films contain undetectably low concentrations of
The problem appears to be due to the presence of the phenypalladiumi® Further research on the mechanistic aspects is
group, which is often difficult to remove cleanly in CVB3the required, but this work clearly establishes the phenomenon of
precursor [Ce(CO)(t-BuC=CH)] gives pure cobalt films under  catalyst-enhanced CVD and shows how it can be used either to
the same conditions. Since palladium metal is a well-known decrease the temperature required for a thermal CVD process
heterogeneous catalyst for hydrogenafidghseemed possible  or to reduce carbon contamination in CVD films. It may be
that co-deposition of palladium with cobalt using a hydrogen expected that several other metals may exhibit catalytic effects
carrier gas might give carbon-free metal films even from the similar to those observed here using palladium, and further

normally poor precursds. In this experiment, [Pd(hfag)(2) studies are in progress.
is introduced into the CVD reactor together with f00)-
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carrier gas flow rates and the reservoir temperature of the
palladium precursor. The CVD substrate is held at a temper-  sypporting Information Available: Figures 1 (SEM micrographs
ature of 250°C. It was shown that if 3% Pd is presentin  of yttria (a, top view, andb, cross section) and zirconia, (top view,

the final film, there is no significant effect on the carbon content andd, cross section) films grown on TiN) and 2 (relationship between
(ca. 37%) of the film; however, the carbon impurity then amount of carbon impurity and palladium (in atomic percentage) in
decreases in an approximately linear fashion with palladium the Co/Pd thin films) (2 pages). See any current masthead page for
content and no carbon is detected if 9% or more palladium is ordering and Internet access instructions.

present in the Co/Pd alloy film (Supporting Information). In  jag971588L
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