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Microstructure and deposition rate of aluminum thin films from chemical
vapor deposition with dimethylethylamine alane
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Deposition of aluminum film from DMEAA in the temperature range of 100–300 °C has been
studied. In this temperature range, there is a maximum deposition rate at around 150 °C. The film
deposited at 190 °C has elongated blocklike grain shapes, which are;600 nm in width and 930 nm
in length. Grains in the film deposited at 150 °C showed an equiaxed structure with grain size in the
range of 100–300 nm in a film with 600 nm thickness. Aluminum oxide particle inclusion was
observed especially at high deposition temperature. Plausible reaction pathways of DMEAA
dissociation were suggested to explain the experimental observations. ©1996 American Institute
of Physics.@S0003-6951~96!03825-9#
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Aluminum has been widely used as a conducting ma
rial in the fabrication of integrated circuits. So far, mos
commercial Al films have been deposited by physical vap
deposition, but chemical vapor deposition usually gives mo
conformal coverage of a surface and allows a reactor des
for multiwafer processing to give high throughput. For th
reason, Al chemical vapor deposition~CVD! has been ac-
tively investigated for ULSI applications like 256 Mbit or 1
Gbit DRAM fabrication.

Previous works related to Al CVD precursors and rea
tion mechanisms have been reviewed comprehensively
Simmonds and Gladfelter.1 For the deposition of aluminum,
alkyl aluminum and amine-alane adducts have been used
tensively. DMEAA, an adduct of alane (AlH3) and dimeth-
ylethylamine @N(CH3)2C2H5#, is the most recently intro-
duced member of the amine family of precursors. I
relatively high vapor pressure at room temperature~1.5
Torr!, its long shelf life, its ability to deposit carbon
contamination-free films, combined with the advantages
being a liquid have recently made it the precursor of atte
tion. The deposition behavior and chemistry of DMEAA,2

have been studied including selective deposition3,4 but study
of the microstructure of Al films and data related to the dep
sition rate and chemical reaction kinetics is still lacking.

In this letter, experimental results, mainly the depositio
rate and microstructure of the film as a function of depositio
temperature, obtained from chemical vapor deposition
aluminum with DMEAA are described.

CVD of aluminum was carried out in a homemade, lo
pressure, cold wall, single wafer reactor. DMEAA was intro
duced directly without a carrier gas through vapor pha
mass flow controller, MKS mass-flo type 1150. DMEAA
with a rate of 0.01 ml/min in liquid volume was introduced
from above through a cylindrical showerhead-type distrib
tor and flowed down vertically toward the wafer surface. Th
gap distance between the showerhead and the susceptor
3 cm. Al film was deposited on various substrate surfac
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such as TiN, Al, Si, and SiO2 with deposition temperature
between 100 and 300 °C and pressure at 0.2 mbar. The bas
pressure before the deposition was 1.531026 mbar. A sub-
strate surface of TiN and Al was sputter deposited on a sili-
con wafer and the SiO2 surface was obtained by thermal
oxidation of a silicon wafer.

Figure 1 shows the amount of Al deposited on various
substrate surfaces as a function of deposition time at a depo
sition temperature of 200 °C. The induction time, during
which no appreciable deposition had been observed, wa
quite long on Si and SiO2 surfaces. In that case, discontinu-
ous film was formed and adhesion was very poor. On the
TiN and Al surface, induction time was negligible and adhe-
sion was good. From this observation, we could conclude
that selective deposition is possible on TiN or Al over the Si
or SiO2 surface. As the deposition temperature goes up, the
induction time becomes shorter and it becomes more difficult
to achieve selective deposition. As the surface is covered
with Al, the slope, i.e., the deposition rate, should be the
same regardless of the substrate surface, but it seems th
depending on the nucleation behavior at the initial stage, the
deposition rate is slightly different.

Figure 2 shows the deposition rate of Al film on the TiN
surface as a function of deposition temperature. The depos
tion rate increased to a maximum at around 150 °C and then

-ju,

ni-FIG. 1. Amount of Al deposited on various substrate surfaces as a function
of deposition time at a deposition temperature of 200 °C and a pressure o
0.2 mbar.
3567/3567/3/$10.00 © 1996 American Institute of Physics
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decreased with the substrate temperature above 150 °C
appears that DMEAA is very sensitive to the reaction te
perature in this temperature range and gas phase rea
might become dominant when the deposition temperatur
higher than 150 °C. It was reported that the mechanism
the deposition of Al from TMAA involved the adsorption o
amine-alane adducts, dissociation of amine, and alane on
surface, dissociation of alane, deposition of Al, and deso
tion of hydrogen molecule.5 The deposition of Al from
DMEAA can be written as

FIG. 2. Deposition rate of Al film on TiN surface as a function of depositi
temperature.
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@~CH3!2C2H5N#AlH3~g!→@~CH3!2C2H5N#AlH3~ads!, ~1!

@~CH3!2C2H5N#AlH3~ads!→AlH3~ads!

1~CH3!2C2H5N~ads!, ~2!

AlH3~ads!→Al ~ads!13H~ads!, ~3!

3H~ads!→1.5H2~g!, ~4!

@~CH3!2C2H5N#~s!→@~CH3!2C2H5N#~g!, ~5!

as suggested by Hanet al.6

For TMMA, the deposition rate was indicated to be con-
trolled by reaction~2!, the dissociation of amine–alane ad-
ducts on the surface,5 whereas hydrogen desorption was pro-
posed to be the rate limiting step for TEAA.7 Han et al.
suggested that DMEAA was likely to follow a behavior be-
tween those of TMAA and TEAA.6

We believe that, at substrate temperatures lower than
150 °C, adsorption of the precursor and surface chemical re
actions were mainly involved in the deposition of aluminum
and the deposition rate increased with increasing deposition
temperature. We also believe that the amine–alane adduc
can be dissociated in the gas phase as follows when the tem
perature is high enough. This may be the case when th
substrate temperature is higher than 150 °C:
FIG. 3. Cross sectional TEM micrographs of the films deposited~a! at 150 °C and~b! at 190 °C. Selected area diffraction pattern of~c! Al grain and~d!
Al/TiN interface in the film deposited at 150 °C.
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FIG. 4. ~a! Aluminum oxide particle imbedded in the aluminum grain in the film deposited at 190 °C,~b! diffraction pattern, and~c! computer simulated
pattern for the aluminum oxide particles. The dark field TEM image was taken from the spot indicated by the arrow.
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@~CH3!2C2H5N#AlH3~g!→AlH3~g!

1~CH3!2C2H5N~g!. ~6!

It has been reported that powders were formed in the g
phase from DMEAA when the temperature is higher tha
170 °C.2,8 Alane is known to be unstable and forms a dime
trimer, and even a polymer.9 In a cold wall reactor used in
this experiment, the temperature gradient exists between
hot substrate and the cold reactor wall and the gas phase
be heated by a hot substrate. When the substrate tempera
is higher than 150 °C, the gas phase temperature is h
enough so that part of DMEAA is presumably dissociated
the gas phase, as given in reaction~6!, to form alane. Alane
can be readily polymerized which, we believe, is not read
adsorbed on the surface to form aluminum film. The depo
tion rate above 250 °C is very low because gas phase re
tion becomes very active. More study is needed to clar
this reaction pathway.

Another possibility is homogeneous nucleation throug
which powders are formed and precursors are consume
the gas phase. Alane formed in the gas phase by reaction~6!
may nucleate into a powder. In general, the deposition rat
decreased when there is powder formation and in this ca
powders can be collected on the reactor wall after the de
sition but we did not detect an appreciable amount of po
ders in our experiment.

The films deposited on TiN were polycrystalline with n
detectable impurities as measured by AES. Figures 3~a! and
3~b! shows the cross sectional TEM micrographs of the film
deposited at 150 and 190 °C. The film deposited at 190
shows that grains have elongated blocklike shapes, which
;600 nm in width and 930 nm in height. It was also foun
that some grains formed at the nucleation stage at the in
face were smaller. On the other hand, grains in the film d
posited at 150 °C showed an equiaxed structure with gr
size in the range of 100–300 nm in a film with 600 nm
thickness. The grains formed at 150 °C were smaller and
may be due to the fact that the deposition rate is faster
150 °C or the bulk diffusion is not fast enough for the grain
to grow at this temperature. The preferred orientation of
was confirmed to bê111& in the growth direction of the film
Appl. Phys. Lett., Vol. 68, No. 25, 17 June 1996
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and this may be due to thê111& preferential orientation of
TiN ~Ref. 10! on the silicon substrate as shown in Figs. 3~c!
and 3~d!.

We could also detect small particle inclusions imbedded
in the aluminum grain in the film deposited at 190 °C and it
was confirmed to be the aluminum oxide particle from the
selective area diffraction pattern as shown in Fig. 4. We
could not detect particle inclusions in the film deposited at
150 °C. These particles are not likely to be formed by the
precipitation in the solid phase but more likely to be formed
in the gas phase and incorporated into the film. It was
pointed out that impurities such as H2O, O2, or CO caused
an increase in the number of particles formed in the gas
phase.6 We believe that at higher temperatures above 150 °C,
it is more likely that residual impurity gases react to form
particles. Also, alane formed by the gas phase dissociation of
the adduct is more likely to react with impurity. For ex-
ample, with oxygen, alane can react as

2AlH313/2O2→Al2O313H2. ~7!

The oxide particle formation at high deposition temperatures
is not believed to cause the decrease in the deposition rate
because the oxide powder formation is not intensive.
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