21 st SC02980A PROCESS FOR FABRI CATI NG A CvD ALUM NUM LAYER | N
A* SEM CO\IDUCTCR DEVICE Field of the Invention 5 This invention relates, in
general, to a nethod for fabricating a sem conductor device, and nore
partlcul arly, to a nmethod for fabricating a chem cal vapor depgosited netal

| ayer having hi gh specularity and | ow surfake roughness. 10 BaR$e@288RA of
the Invention As the conplexity of integrated circuit devices continues to
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devi ce conponents in an integr atSEMIGONDUCTOR®EVICEeased conpl exity of
integrated circuit devices is achieved, in part, by reducing device feature
sizes and spacing. Among the features &/%/mtch ar e reduced in size are the

wi dth and spacing of 20 inter conreld iafgtheclaventioBs and the via openi ngs
through wgich the metal Iines make eI ectr| cal contact to one another, and

to device regions tﬁ t he substra e feature si ze@lgar? reduced, new
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openi ng di vi deavimg high vépraeulafity randdew nsyrfane roughnesst ratio of a via
openi ng iigereases, new device netallization processes 30 are required to
achi eve adequate bottom surface coveragi in the via, Conventional chem cal
[

vapor deposition (CVD) pr ocessBackgkeunaofethe anPBUPHe a metal film having
sufficient conformality to corrpl eteI y cover the bottom surface of a high
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cover age of timereadendhes usedolbomuwhnpleurldyels iof meétaplinterpennects iis vi a.
Accordinglsy, Reb¥BLSR) tBERPEVide eIl dirtetdShhdetion to the large
number of device components in an integrated circuit. The
increased complexity of integrated circuit devices is achieved, in
part, by reducing device feature sizes and spacing. Among the
features which are reduced in size are the width and spacing of

20 interconnecting metal lines and the via openings through which
the metal lines make electrical contact to one another, and to
device regions in the substrate. As the feature sizes are reduced,
new problems arise which must be solved in order to
economically and reliably produce semiconductor devices.

25 A reduction in device feature size is often accompanies by a.
concomitant increase in the aspect ration of via openings. The
aspect ratio of a via opening is defined as the depth of the
opening divided by the width of the opening. As the aspect ratio
of a via opening increases, new device metallization processes

30 are required to achieve adequate bottom surface coverage in the
via. Conventional chemical vapor deposition (CVD) processes have
failed to provide a metal film having sufficient conformality to
completely cover the boitom surface of a high aspect ratio via.
Furthermore, conventional physical vapor deposition (PVD) or

35 sputtering techniques have also failed to provide adequate metal
coverage of the sidewalls and bottom surface in a high aspect
ratio via. Accordingly, a typical method for forming a via in a



.2 very-|large-scale integration (VLSI) device is to forma refractory netal
pllug in the via using a conbination of chemnical vapor deposition and

pl anari zation processes. Once the via plug is forned, conventional
deposition techni ques, such as CVD and PVD_, 5 can be used to deposit a
nmetal |ayer over the plug. Wile the via p?ug process is an effective

met hod for formng a netal interconnect through a high aspect ratio via,
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under | yi ng PVipHernomenbni he prior art have failed to enhance the
specul arijy and surgafant techniques used to provide improved metal
interconnects and minimizing process complexity include a
combination of PVD deposited metal and CVD deposited metal.
The combination is advantageous because the PVD deposition
process provides a method of depositing a nucleation layer on a
20 dielectric surface. The CVD process is an isotropic deposition
process and thus possesses desirable characteristics for the
filling of via opening. However, a major drawback to the use of
CVD deposited metal is the low specularity and high degree of
surface roughness obtained from a conventional CVD process. The
25 low specularity and high surface roughness makes it difficult to
apply the high resolution photolithography to the CVD deposited
metal layer necessary to form metal fine line interconnects for
VLSI devices. |
In order to obtain a more usable CVD deposited metal film,
30 various underlying PVD material layers have been developed for
use in conjunction with CVD. However, the underlying PVD films
of the prior art have failed to enhance the specularity and surface
roughness of an overlying CVD deposited metal film to an extent
necessary to obtain high resolution, fine line interconnect
35 patterns. Accordingly, a need existed for an improved processing
method for the fabrication of a metal film having high specularity
and low surface roughness.



,roughness of an overlying CVD deposited netal filmto an extent necessary
to obtain high resolution, fine line interconnect 35 patterns.

Accordi ngly, a need existed for an i mproved processing nethod for the
fabrication of a netal filmhaving high specularity and | ow surface
roughness. -3- Summary of the Inventio® Accordingly, the invention
provides a process for fabricating a CVD netal filmin a sem conductor
device conprising the steps of: 5 providing a substrate having a surface;
placing the substrate in an inert atnosphere; sputtering a titaniumlayer
onto the substrate in the inert atnosphere; sputtering a nucleation |ayer

of a first netal corrposi tion on%g gp} '(Ifamé"]bll?}‘lﬁ[)p' n the i nert
posTtiin

at nrosphere; and chem cal vapor m of the first netal
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si dewal | s andatriesphetr@nandr Aattaniand fitheriei sputtersdt ohtd ithe fdiéletttibe
openi ng. 15 layer. Then, a first aluminum film is sputtered onto the titanium
film while maintaining the substrate in. an inert atmosphere. A
chemical vapor deposited second aluminum layer is formed on the
first aluminum film, wherein the second aluminum film is in
intimate contact with the first aluminum film. The process of
20 the invention propagates the specularity and surface roughness of
the first aluminum film throughout the second aluminum film
yielding a chemical vapor deposited aluminum layer having high
specularity and low surface roughness.
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‘4 Brief Description of the Drawings FIG 1 is a schematic diagramof a
mul ti-chanbered deposition apparatus useful for perform ng the present
i nvention; 5 FIGs. 2-3 illustrate, in cross-section, process steps in
accordance with the invention; FIG 4 is a plot of reflect|V|ty ver sus
al umi num t hi ckness for metal films formed 4n accordance with the invention
and in accordance with the prior art; and 10 FIG 5 is a plot of

surface roughness versus net of the prior art .
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can ‘be nore fullustration; slenkrits! slewivngira tHesFIGURES have not necessarily
15 been drawn to scale. For example, the dimensions of some of the
elements are exaggerated relative to each other. Further, where
considered appropriate, reference numerals have been repeated
among the FIGURES to indicate corresponding elements.

20 * Detailed Description of Preferred Embodiments

The present invention provides a process or the fabrication
of a metal layer having high film specularity (mirror-like quality)
and low surface roughness. The process of the invention further

25  provides a method for conformally depositing the metal layer so
as to fill openings having high aspect ratios. A metal film. formed
 in accordance with the invention can be patterned by high-
resolution lithography techniques to form fine metal leads in
integrated circuit devices. Additionally, the high degree of metal
30 step coverage provided by the invention. eliminates the need for
refractory metal plugs in multi-level metal devices. Both
improved reflectivity and low surface roughness are obtained by
forming a compound nucleation layer upon which a metal
interconnect is formed. The advantages of the present invention
35 can be more fully understood following a description of a
~ preferred process embodiment in which all processing steps are
cartied out under vacuum, and under an inert atmosphere.



preferred process enbodinent in which all processing steps are carried out
under vacuum and under an inert atnosphere. 5 Shown in FIG 1 is a
schemati c di agram of an exenplary processing apparatus 10 useful for
practicing the present invention. Processing apparatus 10 includes a
transfer chanber 12 surrounded by a plurabity of processing chanbers. A
load lock 5 14 is provided to transfer sem conductor wafers in and out of
transfer chanber W t hi rapsfer chanber

Fhpune rGhal

1 fer t t

nmechani sm 16 tran Whg Ky I8 A schematic @599%%%%& rﬁggéppgé%essi ng
g hanbers ﬂJr rorovdssing r apparatushdObeiseful: fér (racticing nthehgreséentrat i c

I agrami us; In . 0€RS r S
adj gcent to t'b&%@gp'ch'g*ﬂ)%eersjsﬂai #ég%tg%k&ﬁsﬁc@?qégﬁé?%%ﬁ ?ﬁéﬂﬁ:’e&k
chamber 14. SE2surrounded by fplurality pofopeseessjnghahamberso, A doaddack4, -

tively. : ; . > ;

i rbcti ondy 51478, BRoEelr S?Jéé@ﬁ%@ﬁ%ﬁﬁ%%@?ﬂ%ﬁr el 1A BhECBULNY e s

can be access@ansfarochambeiud@d. seWi "dU@F‘§ern§ha§TF%)1a:o@aW € n the wall

bet ween each ﬁéﬁQ@éﬂi tHe&Raniyh 46d_tidrﬁé_”féf'§rséﬁﬁ6®ﬁﬂué&>r %b%'trété@”@é er
nmechani sm 16 can rotate so as to al |a% itsel f vmtg. eagh roceélil ng chanber
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chanber, and 12ad | ock chanber 14. Each chanber in processing apparatus 10
can be i endent a o N ure owgh, um | i nes
and indeggﬁgent vé&ﬁﬁ%pﬁ%ﬁ%@t w @?’F?@ﬁé@ (no 'ﬂ?&h*t%n@%ﬂ
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one processi npgitieadjadentt i ansfer tchapribeaiO 122dR0ai bibdkwisaedireetiduct or
substrat % tofrgﬂ“lb gt partorégig{]negr 'chamber 18. Al processing chambers can
be accessed through vacuum sealed doors (not shown) located in
the wall between each processing chamber and transfer chamber
12. Wafer transfer mechanism 16 can rotate so as to align itself
with each processing chamber for the transfer of a semiconductor
20 substrate into a processing chamber; and load lock chamber 14.
Each chamber in processing apparatus 10 can be independently
evacuated to a desired pressure through vacuum lines and
independent vacuum pumps (not shown) attached to each chamber.
Additionally, each processing chamber is independently supplied
25 with processing gases (not shown) as necessary to perform the
intended processes.

The arrangement of multiple processing chambers around a
central transfer chamber permits semiconductor substrates to be
transferred from one processing chamber to the next without

30 exposing the semiconductor substrates to ambient atmospheric
conditions. This is an important aspect of the present invention
because a number of metals commonly used in the fabrication of
semiconductor devices rapidly react with oxygen in the ambient
atmosphere to form oxide layers on exposed metal surfaces. The

35 formation of oxide layers on exposed metal surfaces is
undesirable because an oxide layer can prevent the nucleation of a
new metal layer upon a previously-formed exposed metal surface.



conditions. This is an inportant aspect of the present invention because a
nwrber of nmetals comonly used in the fabrication of sem conductor devices
rapidly react with oxygen in the anbient atnosphere to form oxide |ayers on
exposed netal surfaces. The 35 formation éf oxi de | ayers on exposed netal
surfaces i s undesirabl e because an oxi de |8yer can prevent the nucleation
of a new netal |ayer upon a previously-fornmed exposed netal surface. 6
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is intended that semiconductor substrate 25 generally represent a
- semiconductor device at many different stages during
semiconductor device fabrication. For example, dielectric layer
26 can be a first dielectric layer applied over transistors, and

20 capacitors, and the like, formed in a first conductive level of a
semiconductor device, or alternatively, an interlevel dielectric
(ILD) layer formed over a first metal layer overlying many
transistor devices, capacitor devices, resistors, and the like.
Furthermore, opening 28 can be an opening exposing a portion of a

25 single crystal silicon substrate, or a refractory-metal silicide
region formed in a single crystal silicon body, and the like.
Additionally, surface portion 30 can be a portion of a patterned
metal lead for the purposes of forming a via opening between

_ multiple metal layers. . :

30 As illustrated in FIG. 3, after forming opening 28, a
composite nucleation layer 32 is formed to overlie dielectric |
layer 26 and surface portion 30. Preferably, composite nucleation
layer 32 is comprised of a sputtered titanium layer 34 and an
overlying a sputtered aluminum layer 36.

35 Composite nucleation layer 32 provides a surface having
high specularity and low surface roughness overl_ying dielectric
layer 26 and opening 28. In accordance with the invention,



region formed in a single crystal silicon body, and the |ike. Additionally,
surface portion 30 can be a portion of a patterned netal |ead for the

pur poses of formng a via opening between nultiple netal |ayers. 30

As illustrated in FIG 3, after form ng opening 28, a conposite nucleation
layer 32 is forned to overlie dielectric [fayer 26 and surface portion 30.
Preferably, conposite nucleatlon | ayer 32 is conprlsed of a sputtered

titaniumlayer 34 and an overlyin uttere num | ayer .36. 35
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I nvention perabbgs;tgg Grewiete filling of high-

' 15 The high specularity and low surface roughness of aluminum
metal layer 38, enables the application of high resolution
lithographic techniques to pattern aluminum metal layer 38 into
fine metal leads interconnecting the various functional
components of a complex integrated circuit. Additionally, the

20 process of the invention permits the complete filling of high-
aspect ratio openings, such as opening 28 to form metal
interconnects in multi-level metal devices. .

The ability of composite nucleation layer 32 to propagate
its morphological properties into an overlying CVD deposited

25 metal layer is dependent upon complete processing of the various
metal ‘layers in an inert, high-vacuum environment. A preferred
process is illustrated with reference to processing apparatus 10
illustrated in FIG. 1. After forming opening 28, semiconductor
substrate 25 is transported into transfer chamber 12 through load

30 lock chamber 14. An initial etching process can be carried out in
first processing chamber 18 to remove oxides from the surface
portion 30. The initial etching process may or may not be
necessary depending upon the particular electrical interconnect
structure being fabricated. Next, semiconductor substrate 25 is

35 transferred by wafer transfer mechanism 16 into second
processing chamber 20 and titanium layer 34 is deposited by PVD
deposition onto semiconductor substrate 25. In a preferred



-aspect ratio openings, such as opening 28 to formmetal interconnects in
mul ti-level netal devices. The ability of conposite nucleation |ayer 32 to
propagate its norphol ogi cal properties into an overlying CVD deposited 25
metal |ayer is dependent upon conpl ete processing of the various netal

| ayers in an inert, high-vacuun1environnen$. A preferred process is
illustrated with reference to processing apparatus 10 illustrated in FIG
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~about 400 to HunfinQmedgper @6 is sputtered to a thickness of about 400 to
15 600 angstroms. : '

In a final deposition step, semiconductor substrate 25 is
transferred from third processing chamber 22 into fourth
processing chamber 24. In fourth processing chamber 24, a CVD

~ deposition process is carried out to deposit aluminum metal layer
20 38 onto composite nucleation layer 32. Upon completion of the
CVD deposition step, semiconductor substrate 25 is returned to
ambient surroundings through load lock chamber 14.

It is important to note that in all stages of the foregoing

multi-layer metal deposition process, semiconductor substrate

25 25 is maintained under high vacuum conditions, and in addition,
under inert atmospheric conditions in the PVD deposition
chambers. By performing all deposition steps and transfer steps
under high vacuum, the formation of oxide layers on any exposed
metal surface is avoided. By preventing oxide formation, the

30 pristine surface of each metal layer is maintained throughout the
multi-step metal deposition process of the invention.

The PVD process is carried out in second and third
processing chambers 20 and 22, can be performed by a variety of
sputtering methods. For example, titanium layer 34 and aluminum

35 layer 36 can be deposited by conventional sputtering at
processing pressures ranging from 1 to 20 millitorr using target
powers ranging from 100 to 20,000 watts and temperature



In a-final deposition step, sem conductor substrate 25 is transferred from
third processing chanber 22 into fourth processing chanber 24. In fourth
processi ng chanber 24, a CVD deposition process is carried out to deposit
al um num netal |ayer 20 38 onto conposite nucleation |ayer 32. Upon

conpl etion of the CVD deposition step, sef conductor substrate 25 is
returned to anbi ent surroundings through | oad | ock chanber 14. It is

i mportant to pote.that in.all.st s of ~the f,0 ' I &l =l [ ta
mportant o S8AGoR yhRb, B iadl oLBS SRSGISURECTY IR, T 1 1
vacuum condi t $pukteringdprocestdiis i carriedhoart innan azgonspmbiént atmbisphere. i n
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transfer stepéhﬁﬁg%w?g?e\?gﬁéﬁ]mgéﬁloﬁ%aﬁﬁgﬁﬁﬂ g?f‘d@%%%@'s on any
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perforned by fregaeneyyobD &80 mMegahettkodThe targetanptiee ICHR devide ligyer
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processing pré@yﬁﬁg %ﬁgf"ﬁg“f?@ﬁji% 28385%%??&%{0@? égw?é 5@%’9 e power s
rangi ng from cbamber2is anaintained atd5t toptdat mikitorr i eotempenatureargfi ng
from aboylg 0 4BaaAPPY 13°80RCE] C ARKRIOHEAY, Yan, | BCHRIN Lhpidtrom REBRRcY
carried out in_an argon anbi ent ‘at nosphere. ernat | vel'y,” xenon or Krypton
gas anbi ent clrCHY spuitering (priocgssveany be nuseshuoperating & sakontc@dhe an
i nductively 5§ ire2 WitASFfagridiid doild @déﬁtiﬁgwa“ﬂu&p%{él‘fs'itgg ot aBotfi |
frequency of h‘lélloher.ﬁ_lgl tgFﬁg nsgghen z and &gggsta fréquency of O to
600 negahert z¢ augeget Nn Aregess js carfied, g & wnam oBfe%/ﬁ}Ueto
20, 000 watts &F gboutr 0dhdot AboahB10emillitorraantaankeimpérdiute ¢fo0 tol litorr
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The CVD process used to form aluminum metal layer 38 is
preferably carried out at about 215 to about 325°C at a chamber
pressure of about 500 millitorr to about 60 torr. Pref_erably', the

20 metal precursor dimethyl aluminum hydride (DMAH) is employed
to deposit an aluminum film in fourth processing chamber 24.

- Alternatively, other precursors can be used, such as triisobutyl
aluminum, trimethyl aluminum, dimethyl aluminum alane, triethyl
aluminum, aluminum monochloride, and the like. Additionally, all

25 of the foregoing precursors can be complexed with copper in
varying concentrations to form an aluminum-copper alloy.

FIG. 4 is a plot of reflectivity versus aluminum thickness
for three processes of the prior art and for the process of the
present invention. The vertical axis is a scaled reference number

30 in which reflectivity is measured relative to a pure single crystal
silicon reference standard measured at a wave length of 480
nanometers. The horizontal axis represents the thickness of the
CVD deposited aluminum layer over various nucleation layers of
the prior art in comparison with that of the invention. The

35 reflectivity measurements were carried out with a model FT 750 .
reflectometer manufactured by Prometrix, Corp. of Santa Clara,
California. Plotted lines 40, 42 and 44 represent reflectance as a



(ECR)" sputtering process can be used, operating at about 2.45 gi'gahertz
with magnetic coils generating a flux density of about 875 Gauss. The ECR
process is carried out at a chanber pressure of about 0.2 to about 5.0
mllitorr and a tenperature of 0 to 1 5 400[err]C. Additionally, mcrowave
power is input fromabout 50 to 2,000 wat tIORF. " The CVD process used to
formalumnumnetal |ayer 38 is preferabl y carried out at about 215 to
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i s enpl oyed t cdiffepent tpraneasesi ﬂilneupmt rart.oudn mmnamgnndlmdlfﬁ)er 24,
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an alumnumcop allo Gl |saf} ci hﬂctlv ver m num
Ehi ekmosa T or iy dermsiiech ahyrindr " gbel a Hndeliyifg,¢d the
\% eSﬁnt :c Inventmteumurﬁhanelertitammlmamtmdes a e ditediuraf hasnaethnukhessBOf in
‘which reflecti ur, 0 I ng a con
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hori zont al axiangsivostsent Linded? hrepmsemf reflactancedepesactedisticanohum

| ayer oven ovardiuinickiclaBbl YepSHRIS dlmiBnPdwdi 41000 T sgp with
that of the invention tIvity measurefrent re carried out
with a nodel FSIPWGTQdameHi'BHBLeﬁ"ﬁ‘a feaddurepresemsofatiectancerp. of Santa

goa][a Cal i fOLéhé’fadl?éﬂéilég déf raﬂferﬁlbal% € dep 6§it)rk@|§|ﬁﬂhuhﬁ?fd)\ﬁ§rt at%oaf as a
processes of (RASHHOBIS B (HanAfBomAs %‘ﬁﬁ B e R G E R ot o
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process of ol N ISR InyehifiH 'SHowS a substert H:r388Y° il Seifictancs
relative to the various prior art processes illustrated. The
reflectance data illustrated by line 46 is taken from chemical
vapor deposited aluminum over a composite nucleation layer of
400 angstroms of titanium underlying 500 angstroms of sputtered
20 aluminum. |
Shown in FIG. 5 is a plot of surface roughness of a CVD
aluminum film versus underlying metal composition for processes
of the prior art in comparison with the processes of the invention.
The vertical access is the route mean square of the surface
25 profile in nanometers. The horizontal axis represenis data points
for the three processes of the prior art illustrated in FIG. 4, and
for the process of the invention. The surface profiles were
obtained using a Nanoscope |ll atomic force microscope
manufactured by Digital Instuments Inc. of Santa Barbara,
30 California. _
The metal compositions of the prior art shown in FIG. 5 are
identical to that illustrated in FIG. 4. For example, data point 48
represents the route mean square of surface roughness for a CVD
deposited aluminum film over an underlying film of 800
35 angstroms of titanium nitride over 400 angstroms of titanium.
Data point 50 represerits the root mean square of the surface
roughness of a CVD deposited aluminum film over 400 angstroms



vapor- deposited al um num over a underlying conposite |ayer of titanium and
titaniumnitride. The titaniumhas a thickness of 400 angstrons and the
titaniumnitride has a thickness of 800 angstronms. Line 42 represents
refl ectance characteristics of 10 chen1ca| vapor deposited al um num over
1,000 angstrons of sputtered aluminum andilline 44 represents reflectance
characterlstlcs of chem cal vapor deposit al um num over 400 angstrons of
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roughness of méldP devieeist edtivoutntineinméed nfarv éormiiy angefravtery metal
titani UMy é‘ndpﬂfé athQ.h nﬁs 53 thhbgfetr{ ?)tlﬁé “ﬁué %(?fergegé'vé&ll'aéﬁvﬁtages for
~contact formation in VLSI integrated circuits. The elimination of
the necessity for forming a tungsten metal plug dramatically
reduces the complexity of a multi-level metal process. The
articulation technique of the present invention enables the filling
20 of high aspect ratio vias directly with aluminum rather than
performing multiple processing steps to form a refractory metal
plug in the via openings. Additionally, the low degree of surface
roughness and high specularity realized in an aluminum metal
layer formed in accordance with the invention enables fine line
25 lithographic techniques to be employed in order to pattern the
chemical vapor deposited metal into interconnects having
‘extremely small feature sizes.
Thus it is apparent that there has been provided, in
accordance with the invention, a process for fabricating a CVD
30 aluminum layer in a semiconductor device which fully meets the
advantages set forth above. Although the invention has been
described and illustrated with reference to specific illustrative
embodiments thereof, it is not intended that the invention be
limited to those illustrative embodiments. Those skilled in the
35 art will recognize that variations and modifications can be made
without departing from the spirit of the invention. For example,
different aluminum metal alloys such as aluminum-silicon, and



-t he surface roughness of a CVD deposited al um num | ayer over 1,000
angstronms of sputtered alum num The root nmean square of the surface
roughness for the process of the present inventionis 5 illustrated by data
point 54. As indicated by the plot shown in FIG 5, the root nean square of
the surface roughness of an alum num fil mif2bricated in accordance with the
invention is substantially | ess than that of the alum numlayers fornmed in

accordance wt rigr art skilled,.in t wil |
appreciate t nauimrBishicofsonRen ands thedke: 20,08 F0RReHoRT e
potential for groeessbof dhei invenritiomn alt visi tiwndfa;ermtendecgrtoaﬂ'mmer atio via
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such as a tungyitkin thegscope s:fothea@mdﬂ@c ammw@e%qulualamatﬁareo
formation in VLSl integrated circuits. The elimnation of the necessity for
formng a tungsten netal plug dramatically reduces the conplexity of a

mul ti-level metal process. The articulation technique of the present
invention enables the filling 20 of high aspect ratio vias directly with
al um num rather than performng nultiple processing steps to forma
refractory netal plug in the via openings. Additionally, the | ow degree of
surface roughness and hi gh specularity realized in an alum num netal |ayer
formed in accordance with the invention enables fine line 25 |[|ithographic
techni ques to be enployed in order to pattern the chem cal vapor deposited
nmetal into interconnects having extrenely small feature sizes. Thus it is
apparent that there has been provided, in accordance with the invention, a
process for fabricating a CvD 30 alumnumlayer in a sem conductor device
which fully nmeets the advantages set forth above. Although the invention

has been described and illustrated with reference to specific illustrative
enbodi nents thereof, it is not intended that the invention be limted to
those illustrative enbodi ments. Those skilled in the 35 art will recognize

that variations and nodifications can be made w thout departing fromthe
spirit of the invention. For exanple, different alum num netal alloys such
as alum numsilicon, and



12 al'um numsilicon-copper, and the |ike can be forned by the process of
the invention. It is therefore intended to include wthin the invention all
such variations and nodifications as fall within the scope of the appended

claims and equi val ents thereof. - 13 - dains 1. A process for
fabricating a CVD al uminum |l ayer in a seni8onductor device conprising the
steps of: 5 providing a substrate having a surface; placing the

substrate in an inert atnosphere; sputtgring.a titaniumlayer onto the
substrate in the inert atnosphere; sput&iﬁ"‘l'ﬂﬁ a nucleation layer of a first
metal conposition 10 onto the titaniumlayer in the inert atnosphere; and
chem cal vapowéletﬂgﬁ.hli ng a netal filmof the first netal conposition onto
the nucleation Tayer, wherein the netal filmis in intimte contact with
the nucleation |ayer. 15 2. A process according to claim 1, wherein the

first metal conposjti meirécéQé 6F ‘?Qbfié&ﬁh%@ OVEH RIGRIRIM! Id@roh a
substantially pure alum num apd an alymn copper alloy. 2 3. A
process accorﬁgﬁﬁc‘?@d@ﬂoﬁe ev|ca Romprising,itheostepe i n” t he nucl eati on

layer is characterized pyovding ssuisstraterl(P5hehavimtatdiefectfic layer freyess
according to claim3, erei he netal filmis characterized by the first
crystalline orientation. 25 1ereon, process according to any preceding

claim further conprisi ptacing thersubstrate in an inert atmosphere;
sputtering a titanium film (34) on the dielectric layer
~in the inert atmosphere;

sputtering a first aluminum film (36) on the titanium
film in the inert atmosphere; and

chemical vapor depositing a second aluminum film
(38) onto the first aluminum film in the inert
atmosphere,

wherein the second aluminum film is in intimate
contact with the first aluminum film.

2. The process of claim 1 further comprising the step of:

forming an opening (28) in the dielectric layer prior to
the step of placing the substrate in an inert
atmosphere,

wherein the opening is characterized by substantially
vertical sidewalls and a bottom surface, and

wherein the first aluminum layer overlies the
sidewalls and the bottom surface, and

wherein the second aluminum layer fills the opening.
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providing a dielectric |ayer. on the substrate prior to the step of placing
the substrate in an inert atnosphere, wherein the 30 titanium |ayer is '
sputtered onto the dielectric layer in the inert atnosphere. 6. The
process of claimb5 further conprising the step of: form ng an opening in
the dielectric layer prior to the step of 136 pl aci ng the substrate in an

I nert atnosphere, wherein the opening is characterized by substantially

vertical sidewalls gand ot t sugface.. - A4 erein th uecl eation

| ayer overlies the “@i ﬁ%ﬁ%"?é%ft f?é’fl?&twséﬁ#%\é@“ﬁﬁﬂﬂ%@%ﬁ Eﬁtane nmet al
filmfills theemmunductér device éomprising thec @tdpagot:o any precedi ng
claim further conprisi . tep : 4l Q depasid.~an appar at us
having a plurality of dg%géﬁﬁp nscﬁgﬁ%g?§£33?28@%wﬂposag§g%#§h transfer
chanber, each sputter ddpasing dhecaubsratednngnninert ;atmeespiers; an inert 10
at mosphere, and wher ei n ghiat 8 fitsHIBPTlagonTBa) bAtdhB! Subatrate A

vacuunt wherein the step of sputtering.the ani u ayer onto
substrate takes place in a fi iert; '®i on chanbers; transferring

t he s]ybstrﬁt reﬁbto a \A;ecoysbmﬁemg den?eletaitwh 1§yepf(%®eosla fﬂn@sugdmldtéle
transfer chanber; erein the_ s sput.terd ng,. nugl eati.on, layer onto
the titanium |l ayer takes pl ac%orf"ﬁ%FﬁLPrEe tr?d thng@’ﬁP%qéngrd@r thg Fher?
transferring the substrate toatmosphdref the deposition chanbers through

L ony £TSET haTher | AingRin, tne, pyRBBNER" 1AV R ShebboipBedy e
deposi ti on chanber. ' first crystalline orientation; and
chemical vapor depositing a metal film (38) of the
first metal composition onto the nucleation
layer,
wherein the metal film is in intimate contact with the
nucleation layer, and
wherein the metal film is characterized by the first

crystalline orientation.

4. The process of claim 3, wherein the first metal
composition is selected from the group consisting of
substantially pure aluminum and an aluminum-copper alloy.
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15 5.°-A process for fabricating a CVD alum num | ayer in a sem conductor
devi ce conprising the steps of: providing a deposition apparatus (10)
having a plurality of deposition chanbers (18, 20, 22, 24) adjacent to a
comon transfer chamber (12), wherein each_sputter deposition chanber is
mai nt ai ned under an inert atnosphere, andl @herei n the common -transfer
chanber is maintained under vacuum placing the substrate into a first

ranst erring the <Epoft BIECHE égpé%%hééﬁi%@(??@e%@ﬂ%%ﬁ el s ne
transfer changemicepductori dgvicer icormpesing then stepsr af36) onto the titani um

| ayer; transferring the Wm,[ga'\tlé:‘ oteff)(%lﬁ&'\ rébﬂft%‘fﬁét ﬂﬂdﬁa@ Iq through the

transfer chanber; and chem ca eposi {1 ng se Grﬁ num | ayer

(38) onto the fi rst al um nunPlugpity %é’ﬁ@ioﬁlt!% CJ’E%'BPGT%I gk 128e24)s in
intimate contact with the fi gdjacdrtntdEndoifion transfer chamber (12),

wherein each sputter deposition chamber is
maintained under an inert atmosphere, and
wherein the common transfer chamber is
maintained under vacuum;

placing the substrate into a first deposition chamber
and sputtering a titanium layer (34) onto the
substrate;

transferring the subsirate to a second deposition
chamber through the transfer chamber;

sputtering a first aluminum layer (36) onto the
titanium layer;

transferring the substrate to a third deposition
chamber through the transfer chamber; and

chemical vapor depositing a second aluminum layer
(38) onto the first aluminum layer, |

wherein the second aluminum layer is in intimate
contact with the first aluminum layer.
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