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Microstructure and deposition rate of aluminum thin films from chemical
vapor deposition with dimethylethylamine alane

Byoung-Youp Kim,® Xiaodong Li,” and Shi-Woo Rhee®
Laboratory for Advanced Materials Processing (LAMP), Department of Chemical Engineering, Pohang
University of Science and Technology (POSTECH), Pohang 790-784, Korea

(Received 4 December 1995; accepted for publication 17 April 1996

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@d@ 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 observation$99® American Institute

of Physics[S0003-695(96)03825-9

Aluminum has been widely used as a conducting matesuch as TiN, Al, Si, and SiQwith deposition temperature
rial in the fabrication of integrated circuits. So far, most petween 100 and 300 °C and pressure at 0.2 mbar. The base
commercial Al films have been deposited by physical vapopressure before the deposition wasX# ¢ mbar. A sub-
deposition, but chemical vapor deposition usually gives moretrate surface of TiN and Al was sputter deposited on a sili-
conformal coverage of a surface and allows a reactor desigton wafer and the SiQsurface was obtained by thermal
for multiwafer processing to give high throughput. For thisoxidation of a silicon wafer.

reason, Al chemical vapor depositig€VD) has been ac- Figure 1 shows the amount of Al deposited on various
tively investigated for ULSI applications like 256 Mbit or 1 substrate surfaces as a function of deposition time at a depo-
Gbit DRAM fabrication. sition temperature of 200 °C. The induction time, during

Previous works related to Al CVD precursors and reac-which no appreciable deposition had been observed, was
tion mechanisms have been reviewed comprehensively bguite long on Si and Si©surfaces. In that case, discontinu-
Simmonds and GladfeltérFor the deposition of aluminum, ous film was formed and adhesion was very poor. On the
alkyl aluminum and amine-alane adducts have been used eXiN and Al surface, induction time was negligible and adhe-
tensively. DMEAA, an adduct of alane (Al and dimeth-  sion was good. From this observation, we could conclude
ylethylamine [N(CH,),C,Hs], is the most recently intro- that selective deposition is possible on TiN or Al over the Si
duced member of the amine family of precursors. Itsor SiO, surface. As the deposition temperature goes up, the
relatively high vapor pressure at room temperatgtes induction time becomes shorter and it becomes more difficult
Torr), its long shelf life, its ability to deposit carbon to achieve selective deposition. As the surface is covered
contamination-free films, combined with the advantages ofvith Al, the slope, i.e., the deposition rate, should be the
being a liquid have recently made it the precursor of attensame regardless of the substrate surface, but it seems that
tion. The deposition behavior and chemistry of DMEAA, depending on the nucleation behavior at the initial stage, the
have been studied including selective deposttfaout study ~ deposition rate is slightly different.
of the microstructure of Al films and data related to the depo- ~ Figure 2 shows the deposition rate of Al film on the TiN
sition rate and chemical reaction kinetics is still lacking. ~ surface as a function of deposition temperature. The deposi-

In this letter, experimental results, mainly the depositiontion rate increased to a maximum at around 150 °C and then
rate and microstructure of the film as a function of deposition
temperature, obtained from chemical vapor deposition of

aluminum with DMEAA are described. X 106
CVD of aluminum was carried out in a homemade, low _ %o
pressure, cold wall, single wafer reactor. DMEAA was intro- NE 250 | £
duced directly without a carrier gas through vapor phase L
mass flow controller, MKS mass-flo type 1150. DMEAA S 2004
. . . . . . Q
with a rate of 0.01 ml/min in liquid volume was introduced @ 150
. . . . c
from above through a cylindrical showerhead-type distribu- S
4 £ 1001
tor and flowed down vertically toward the wafer surface. The o
. p
gap distance between the showerhead and the susceptor was 5 59
3 cm. Al film was deposited on various substrate surfaces °
= 6 5 10 15 20 25 30
dpresent address: LG Semicon Co., ULSI Research Center, Chung-ju, Deposition time (mm)
Korea.
Ypresent address: Department of Mechanical Engineering, Ohio State UniFIG. 1. Amount of Al deposited on various substrate surfaces as a function
versity, Columbus, OH 43210. of deposition time at a deposition temperature of 200 °C and a pressure of
9Electronic mail: srhee@Uvision.postech.ac.kr 0.2 mbar.
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as suggested by Haet al®

For TMMA, the deposition rate was indicated to be con-
FIG. 2. Deposition rate of Al film on TiN surface as a function of deposition trolled by reaction(2), the dissociation of amine—alane ad-
temperature. ducts on the surfacewhereas hydrogen desorption was pro-

posed to be the rate limiting step for TEAAHan et al.

decreased with the substrate temperature above 150 °C. dtiggested that DMEAA was likely to follow a behavior be-
appears that DMEAA is very sensitive to the reaction tem-tween those of TMAA and TEAA.
perature in this temperature range and gas phase reaction We believe that, at substrate temperatures lower than
might become dominant when the deposition temperature 50 °C, adsorption of the precursor and surface chemical re-
higher than 150 °C. It was reported that the mechanism imctions were mainly involved in the deposition of aluminum
the deposition of Al from TMAA involved the adsorption of and the deposition rate increased with increasing deposition
amine-alane adducts, dissociation of amine, and alane on thiemperature. We also believe that the amine—alane adduct
surface, dissociation of alane, deposition of Al, and desorpean be dissociated in the gas phase as follows when the tem-
tion of hydrogen moleculd. The deposition of Al from perature is high enough. This may be the case when the
DMEAA can be written as substrate temperature is higher than 150 °C:

FIG. 3. Cross sectional TEM micrographs of the films deposigdt 150 °C andb) at 190 °C. Selected area diffraction pattern(of 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 19(bjGliffraction pattern, andc) computer simulated
pattern for the aluminum oxide particles. The dark field TEM image was taken from the spot indicated by the arrow.

[ (CHs),C,HsN]AIH 3(g)— AlH 3(g) and this may be due to th@11) preferential orientation of

TiN (Ref. 10 on the silicon substrate as shown in Fig&)3
+(CHz),C,HsN(g). (6) and 3d).

. We could also detect small particle inclusions imbedded
It has been reported that powders were formed in the 9as, ¢ P

L he aluminum grain in the film deposited at 190 °C and it
E;giecggza?gﬂgiﬁo\xfg Lheeutﬁsrg);;a;ur:g ffnggge(;i;?;nwas confirmed to be the aluminum oxide particle from the

. . 'selective area diffraction pattern as shown in Fig. 4. We
trimer, and even a polymérin a cold wall reactor used in

. X . . could not detect particle inclusions in the film deposited at
this experiment, the temperature gradient exists between t 0°C. These particles are not likely to be formed by the
hot substrate and the cold reactor wall and the gas phase C%pecipitation in the solid phase but more likely to be formed
be heated by a hot substrate. When the substrate temperatL‘Jrrlqe,[he gas phase and incorporated into the film. It was
is higher than 150 °C, the gas phase temperature is high . : o '
enough so that part of DMEAA is presumably dissociated inpomted out that impurities such a$®, ©,, or CO caused

h h . X {6, to f | Al an increase in the number of particles formed in the gas
€ 9as phase, as given In reac 0 form alane. Alane phase’. We believe that at higher temperatures above 150 °C,
can be readily polymerized which, we believe, is not readily.

it is more likely that residual impurity gases react to form

:giOrrabtzda%r;\tze;é%rzaéﬁst%grTosJut:g'g:lE;'In;SThﬁa(ieep;Z%articles. Also, alane formed by the gas phase dissociation of
y gas p e adduct is more likely to react with impurity. For ex-

thn becolmes very active. More study is needed to Clar'fyample, with oxygen, alane can react as
this reaction pathway.

Another possibility is homogeneous nucleation through ~ 2AlH3+3/20,— Al,03+3H,. @)

Vr‘:hiCh povr\]/ders alre fo;med and E]recurso[]s are consumed ify,o oyide particle formation at high deposition temperatures
the gas phase. Alane formed in the gas phase by rea@jon is not believed to cause the decrease in the deposition rate,

may nucleate into a powder. In general, the deposition rate iBecause the oxide powder formation is not intensive.
decreased when there is powder formation and in this case, This research was supported by LG Semicon. Co., and

powders can be collected on the reactor wall after the depqhe support of the Engineering Research Center for Interface

sition but we did not detect an appreciable amount of POWsjance and Technology of Materials is also acknowledged.
ders in our experiment.

The films deposited on TiN were polycrystalline with no
detectable impurities as measured by AES. Figures &nd M. G. Simmonds and W. L. Gladfelter, ifihe Chemistry of Metal CVD
3(b) shows the cross sectional TEM micrographs of the films edited by T. Kodas and M. J. Hampden-SmitrCH, Weinheim, 199%
deposited at 150 and 190 °C. The film deposited at 190 °C’M. G. Simmonds, W. L. Gladfelter, R. Nagaraja, W. W. Szymanski, K.-H.
shows that grains have elongated blocklike shapes, which arg“hnli aglc;;é::érMéw:r:y’M]étchi 3‘73'2-(13‘;3“0'-% 2782(199).
~600 nm in width and 930 nm in height. It was also found 4;" 5 Simmonds, 1. Ta.upin, and W. L. Gladfelter, Chem. Ma@:r935
that some grains formed at the nucleation stage at the inter-(1994).
face were smaller. On the other hand, grains in the film de—sl;-?Hl-QE;ubois, B. R. Zegarski, C.-T. Kao, and R. G. Nuzzo, Surf. 385,
p.OSII(.ed at 150 °C showed an eqUIa.Xed S.trUCtu.re with gra”ﬁ%\]. |E|an,0K.. F. Jensen, Y. Senzaki, and W. L. Gladfelter, Appl. Phys. Lett.
size in the range of 100-300 nm in a film with 600 NM g4 475(1994.
thickness. The grains formed at 150 °C were smaller and it’L. H. Dubois, B. R. Zegarski, M. E. Gross, and R. G. Nuzzo, Surf. Sci.
may be due to the fact that the deposition rate is faster af244 89 (1992. _
150 °C or the bulk diffusion is not fast enough for the grains '\SA(;i Gfesclrwlgoﬂsi ‘é\gz;'(gggfe”e“ H. Li, and P. H. McMurry, J. Vac,
to grow at this temperature. The preferred orientation of Aley \y Tyriey and H. W. Rinn, Inorg. Cher8, 18 (1969.
was confirmed to bél11) in the growth direction of the film  °X. Li, B.-Y. Kim, and S. Rhee, Appl. Phys. Let7, 3426(1995.
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