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5 BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a metallization method for manufacturing semiconductor

devices. More particularly, the present invention relates to fully planarized dual damascene

10 metallization using a copper line interconnect and a selective CVD metal via plug.

- f the Relate

Sub-half micron multilevel metallization is one of the key technologies for the next
generation of very large scale intégration (VLSI). The multilevel interconnects that lie at the heart
15 of this technology require planarization of interconnect features formed in high aspect ratio
apertures, including contacts, vias, lines or other features. Reliable formation of these interconnect
features is very important to the success of VLSI and to the continued effort to increase circuit
density and quality on individual substrates and die. -
As circuit densities increase, the widths of vias, contacts and other features, as well as the
20. dielectric materials between them, must decrease. Therefore, there is a great amount of ongoing
effort being directed at the formation of smaller and smaller void-free features. One such method
involves selective chemical vapor deposition (CVD) of material only on exposed nucleation surfaces
as provided on the substrate surface. * Selective CVD involves the deposition of a film layer upon
contact of 2 component of the chemical vapor with a conductive substrate. The component nucleates
25 on such substrate creating a metal surface on which further deposition proceeds.
Selective CVD metal deposition is based on the fact that the decomposition of a CVD metal
precursor gas usually requires a source of electrons from a conductive nucleation film. In

accordance with a conventional selective CVD metal deposition process, the metal should grow in
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selective deposition is an epitaxial “bottom-up” growth of CVD metal in the apertures capable of

filling very small dimension (<0.25 um), high aspect ratio (>5:1) via or contact openings.
Elemental aluminum (Al) and its alloys have been the traditional metals used to form lines
and plugs in semiconductor processing because of aluminum’s low resistivity, superior adhesion to
10 silicon dioxide (Si0,), ease of patterning, and high purity. Furthermore, aluminum precursor gases
are available which facilitate the selective CVD process described above. However, aluminum has
higher resistivity and problems with electromigration. Electromigration is 2 phenomenon that occurs
in a metal circuit while the circuit is in operation, as opposed to a failure occurring during
fabrication. Electromigration is caused by the diffusion of the metal in the electric field set up in
15 the ¢ircuit. The metal gets transported from one end to the other after hours of operation and
eventually separates completely, causing an opening in the circuit. This problem is sometimes - .-
overcome by Cu doping and texture improx.rement. However, electromigration is a problem that gets
worse as the level of integration increases.
Copper and its alloys, on the other hand, have even lower resistivities than aluminum and .
20 significantly higher electromigration resistance. These characteristics are important for supporting
the higher current densities experienced at high levels of integration and increase device speed.
However, the primary problems with integrating copper metal into multilevel metallization systems
are (1) the difficulty of patterning the metal using etching techniques, and (2) filling small vias using
PVD and lack of CVD pfocess. For devices of submicron minimum feature size, wet etch
25 techniques for copper patterning have not been acceptable due to liquid surface tension, isotropic
etch profile, and difficulty in over-etch control and reliable no dry etch process is available.
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I nvol ves sel ective chem cal vapor deposition (CvD) of material only on
exposed nucl eation surfaces as provided on the substrate surface. Selective
CVD invol'ves the deposition of a filmlayer upon contact of a conponent of
t he chem cal vapor with a conductive substrate. The conponent nucl eates on
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in Several methods have been proposed for producing patterned copper in't&'connects, including

selective electroless plating, selective chemical vapor deposition, high temperature reactive ion

etching and lift off processing. Electroless plating requires that the floor of an interconnect be

seeded to make the floor conductive. The conductive floor can then be charged to attract copper
5 from a solution or bath.

Selective chemical vapor deposition typically involves the decomposition of a metal
precursor gas on an electrically conducting surface. However, a reliable process for selective CVD
copper is not available.

High temperature reactive ion etching (RIE), or sputter etching, has also been used to pattern

10 a copper layer. Furthermore, the RIE can be used in conjunction with lift off processing in which
excess metal is lifted off the structure by a release layer to leave a planar surface having a copper
feature formed therein.

Yet another technique for metal wiring of copper comprises the patterning and etching of a
trough and/or contact within a thick layer of insulating material, such as Si0O,. Thereafter, a thin

15 layer of a barrier metal, such as Ti, TiW or TiN, may be provided on top of the insulating layer and
- within the trough and/or contact to act as a diffusion barrier to prevent inter-diffusion of the metal
to be subsequently deposited into the silicon, and between such metal and oxide. After barrier metal. .
deposition, a layer of copper is deposited to completely fill the trench.

Despite the availability of these techniques, there remains a need for a copper metallization

20 process for fabricating interconnects at high levels of integration. Such highly integrated
interconnects must provide void-free vias, particularly in high aspect ratio, sub-quarter micron wide
apertures for forming contacts and vias. Furthermore, there is a need for a process providing a
circuit with higher electrical conductivity and improved electromigration resistance. It would be
desirable to have a simple process requiring fewer processing steps to form metal plugs in the vias

25 and wires in the trenches. It would be further desirable if the process could achieve all this without
the use of metal etch techniques.
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a plug in the via. A barrier layer is then deposited over the exposed surfaces of the plug and wire
definition. The wire definition is then filled by depositing a conductive metal, preferably copper,

over the barrier layer. Finally, the conductive metal, the barrier and the dielectric layers are

* planarized, such as by chemical mechanical polishing, to define a conductive wire.

Another aspect of the invention provides a method of forming a dual damascene interconnect
module over a deposition enhancing material. This method further includes the steps of forming a
dielectric layer over the deposition enhancing material and then etching the dielectric layer to form

has
i S

a dual damascene via and wire definition, wherein the via has a floor exposing a deposition

enhancing material. Where a substrate does not already have a layer of a deposition enhancing
material, this layer may be provided prior to forming the dielectric layer. Furthermore, a multilevel

metal interconnect may be formed in accordance with the invention by depositing a subsequent - .

barrier layer of a deposition enhancing material over the planarized layers. A dielectric layer is

subsequently formed and filled by repeating the steps described above.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features, advantages and objects of the present
invention ate attained can be understood in detail, 2 more particular description of the invention,
briefly summarized above, may be had by reference to the embodiments thereof which are illustrated
in the appended drawings.

It is to be noted, howeyver, that the appended drawings iltustrate only typical embodiments

of this invention and are therefor not to be considered limiting of its scope, for the invention may

A
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profile, and difficulty in over-etch control and reliable no drty etgh
process i s dugWeahiean integrated processing system configured for sequential metallization in

accordance with the present invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
10 The present invention generally provides an in-situ metallization process providing an
interconnect in a highly integrated structure which has a reduced interconnect resistance and
improved electromigration performance. More particularly, the present invention provides a dual
damascene interconnect that incorporates selective chemical vapor deposition (CVD) metal fill of
the V1a with a copper wire formed on a barrier layer. The present invention provides the advantages
15 of having (1) copper wires with lower resistivity (greater conductivity) and greater electromigration
resistance than aluminum, (2) a barrier layer between the copper wire and the surrounding dielectric
material, (3) void-free, sub-half micron selective CVD metal via plugs, and (4) a reduced number
of process steps.
For clarity, the present invention will be described below with reference to a selective CVD
20 Al process for forming via plugs and a PVD Cu process for forming wires. However, other selective
CVD metal processes and other PYD metal processes, such as PVD Al/Cu, may be used to
accomplish the advantages of the present invention.
In one aspect of the invention, a method is provided for forming dual damascene
interconnects having lower resistivity and greater electromigration resistance. The method utilizes
25 a dual damascene via and wire definition etched into a dielectric layer. A sub-half micron via is

filled without voids by selective CVD Al. The wire definitions are then given a barrier layer and
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3 Several nethods have been proposed for producing patterned
copper interconnects, including selective electroless plating, selective
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filled with copper (Cu) using physical vapor deposition (PVD) techniques. The wires are completed
by planarizing the structure.

In another aspect of the invention, a method is provided as described above with the
additional step of depositing 2 warm PVD Al layer over the CVD Al plug and the exposed dielectric

5 layers prior to forming the barrier layer. The warm PVD Al layer is deposited at a temperature
greater than about 150°C and preferably greater than about 250°C. Warm PVD Al is desirable fo
provide a planarized metal film where a loss of selectivity in the CVD Al step creates nodules on the
dielectric surface. These nodules are incorporated into a thin planarized metal layer to assure that
the subsequently deposited barrier layer will be uniformly deposited with no void or gaps through

10 which the copper can diffuse.

To form an IC structure in accordance with the present invention, a dielectric layer is formed
by conventional techniques over a deposition enhancing material formed on a substrate. The
dielectric layer may be as thick as about twice the thickness of a single metallization layer since a
dual damascené via and wire definition will be etched therethrough. Any dielectric material, whether

15 presently known or yet to be discovered, may be used and is within the scope of the present
invention. The dielectric layer may be deposited on any suitable deposition enhancing material, but -
the preferred deposition enhancing materials include conductive metals and doped silicon.

Referring to Figures 1A through 1E, a cross-sectional diagram of a layered structure 10 is
shown including a dielectric layer 16 formed over a deposition enhancing layer 14, preferably an

20 electrically conducting member or layer. The deposition enhancing layer 14 may take the form of

a doped silicon substrate or it may bea first or subsequent conducting layer formed on a substrate.

The dielectric layer 16 is formed over the deposition enhancing layer 14 in accordance with
procedures known in the art to form a part of the overall integrated circuit.

Once depositéd, the dielectric layer is etched to form a dual damascene via and wire, wherein

25 the via has a floor 30 exposing a small portion of the deposition enhancing material 14. Etching of

the dielectric layer 16 may be accomplished with any dielectric etching process, including plasma
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via walls 34 and a floor 30 exposing at least a portion of the deposition enhancing material 14. The

deposition enhancing material 14 may be a layer, wire or device comprising a metal, doped silicon
10 or other conductive material. In particular, the deposition enhancing material may be provided by
a barrier layer of a metal selected from the group consisting of alumimum, aluminum oxides,
titanium, titanium nitride, tantalum, tantalum nitride and doped silicon. The presence of a
conductive via floor is exploited according to the present invention to provide a selective CVD metal
process to fill the via or plug. The preferred metal for selective CVD processing is aluminum. For
15 example, a CVD Al film can be formed by the decomposition reaction of dimethyl aluminum
hydride (“DMAH”). This particular reaction occurs much more rapidly when the reactants come in
contact with a deposition enhancing material that is an electron donor, such as the surface of an .
electrically conductive material. Therefore, it is possible to achieve a certain measure of control or
selectivity over where and how the CVD Al is deposited by preparing a structure with some surfaces
20 that are conductive and some surfaces that are non-conductive.
Referring to Figure 1B, a cross-sectional view of a void-free metal plug 18 formed in the via
32 is shown. Selective CVD Al provides epitaxial growth of a void-free, single crystal plug.
Despite the relative selectivity of the CVD Al, small amounts of the CVD Al can also deposit on the
surfaces of the non-conductive dielectric layer 16 to form nodules if the surface includes defects that

25 can serve as nucleation sites.
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circuit with higher electrical conductivity and inproved el ectrom gration

resistance. It would be desirable to have a sinple process requiring fewer
processirng steps to formnetal plugs in the vias and wires in the trenches.
It would be further desirable if the process could achieve all this wthout

the use of nmetal etch tech
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While the CVD Al may be deposited under various conditions, a typical process involves
substrate temperatures of between about 120°C- and about 280°C and a deposition rate of between
about 20 A/sec and about 200 A/sec,. and between about 300 A/sec. and about 1000 A/sec. for
selective CVD. The CVD Al deposition may be performed at chamber pressures of between about

5 1 torr and about 80 torr, with the preferred chamber pressure being about 25 torr. The preferred .
deposition reaction for CVD Al involves the reaction of dimethy!l aluminum hydride (*“DMAH")
with hydrogen gas (H,) according to the following equation:

6(CH,),A/-H+3H,------ - 6Al+ 12CH,
10 or
(CH;), Al-H ----— Al + 2 TMA (trimethy! aluminum) + H,

The deposition within the via 32 to form a metal interconnect 18 is selective because the

| surface 30 of the underlying conductive layer 14 has been exposed to the CVD Al at the floor of the

15 via 32. Therefore, the CVD Al is deposited from the floor 30 upward to fill the aperture 32 without
any substantial CVD Al deposition on the via walls 34.

Furthermore, the via 32 comprises substantially non-conductive dielectric walls 34 and the -
conductive floor 30. As discussed above, substantially non-conducting materials, such as the
dielectric walls 34 of the aperture, are not good electron donors and, therefore, do not provide good

20 nucleation for decomposition of the CVD metal precursor. Rather, the CVD metal film begins to
form on the via floor 30 because the exposed conducting member 14 forming the floor of the via 32
nucleates the decomposition. Aﬁer an ini.fial layer of the metal has been deposited on the via floor
30, subsequent deposition occurs more easily so that the metal grows from the via floor 30 upward
or outward to fill the via 32.

25 Although defects on the dielectric wall 34 of the via 32 may cause the formation of scattered
nodules within the aperture, these nodules typically do not block the aperture to caﬁse voids therein

This Sheet Has Been R eplace

[T



SUMMARY OF THE | NVENTI ON The present invention provides a nethod for
form.ng a dual damascene interconnect in a dielectric layer having dual
damascene via and wire defi wherein the via has a floor exposing a
deposi ti on enhanci ng nmateri alfj met.hod i ncl udes sel ective chem cal vapor
deposition of a conductive n@ Yy=al.um num on the dep05|t|on
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exposi n@mﬁmmhdapwiﬁmrmmdmafonal Where a substrate does not
al ready have_a |ayer of a deposition enhanC| ng material, this:|ayer may

provi ded pri Bﬁfetr@gfte Fiausry 1 ¢ fcbagier Layer 20 is depgsited overthealumim plug g as weél\ﬂé|
the walls and floor of the wire definition 38. The barrier layer is preferably formed of titanium,

titanium nitride, tantalum or tantalum nitride. The process used may be PVD or CVD. The barrier
layer limits the diffusion of copper and dramatically increases the reliability of the aluminum plug

10 18. It is preferred that the barrier layer having a thickness between about 50 and about 400
Angstroms (A), most preferably about 200 A.

Referring to Figure 1D, copper 22 is physical vapor deposited over the barrier layer 20 to fill
the wire definition 38 (see Figure 1C). In order to fill the wire definition, it will generally occur that
the entire field of the structure will become covered with the PVD Cu.

15 " Referring to Figure 1E, the top portion of the structure 10 is then planarized, preferably by
chemical mechanical polishing (CMP). During the planarization process, portions of the copper 22,
barrier material 20 and dielectric 16 are removed from the top of the structure leavmg a fully planar
surface with 2 conductive wire 39 formed therein.

In accordance with a second aspect of the invention, the method described above may further

20 comprise the step of physical vapor depositing a thin layer of aluminum over the exposed surfaces
of the plug and wire definition prior to forming the barrier layer. The purpose of the thin PVD Al
layer is to smooth over any nodules formed on the surfaces of the wire definition so that the barrier
layer will be uniform and continuous.

Referring to Figures 2A through 2F, the steps involved in this second aspect of the invention

25 are set out. Figures 2A and 2B are the same as Figures 1A and 1B, respectively. Figure 2C shows
the PVD Al layer 42 formed over the structure 40 from Figure 2B. The PVD Al provides a smooth

10

I i

K * This Sheet Has Been Rep



metal interconnect may be fornmed in accordance with the invention by
depositing a subsequent barrier |ayer of a deposition enhancing nmateri al
over the planarized |ayers. A dielectric layer is subsequently formed and
filled by repeating the steps described above. BRI EF DESCRI PTI ON OF THE
DRAW NGS So that th [ he above recited features,
advant ages and objects of t %’éﬁaﬁﬁHAglgeml on are attained can be PATENT
understood in detail, a nmo @&'Qdesc i ption of EXPHES YAl w °37154‘£
briefly summari zed above, ad - by=referdnce to the errbodl nent s
which are illustrated in the appended draw ngs. Is to be noted

however stpate o nt of
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for thepieferRathiGknes$for the PVD Al layer 42 is between about 100 A and about 700 A, Figures 2D
through 2F then detail the deposition of a barrier layer 20, deposition of a PVD Cu layer 22, and
planarization of the structure 40 in a similar fashion as set out above in Figures 1C through 1E,

5 respectively. Therefore, the second aspect of the. invention is vastly similar to the process first
described, but with the addition of an intermediate step of depositing a PVD Al layer 42 between the
CVD Al plug 18 and the barrier layer 20.
In yet another aspect of the present invention, 2 method of forming a multilevel metal
interconnect is provided. First, a layer of a deposition enhancing material is provided on a
10 workpiece. A dielectric layer is then formed over the exposed layer of deposition enhancing material
and etched to form a dual damascene via and wire definition, wherein the via has a floor exposing
the deposition enhancing material. Selective chemical vapor deposition of aluminum (CVD Al) is
performed to deposit aluminum on the deposition enhancing material of the via floor to form a plug
in the via. At this stage, the interconnect may optionally receive a thin layer of PVD Al over the
15 exposed surfaces of the plug and wire definition. This optional layer is helpful to smooth over
aluminum nodules on dielectric surfaces caused by loss of selectivity, as described above. .
Next, a first barrier layer is deposited over the alumimum plug and dielectric surfaces or,
alternatively, over the optional PVD Al layer. PVD Cu is then deposited over the bartier layer to
fill the wire definition. The copper, barrier, aluminum and dielectric layers that comprise the
20 structure are planarized, preferably by CMP, to define a conductive wire. A second barrier layer,
that can also function as a deposition enhancing material, is then deposited over the planarized
layers. In this manner, the copper wire is enclosed by barrier layers to prevent diffusion of the
copper and the a deposition enhancing layer is provided so that the process can be repeated any
number of times to form a multilevel module. When the last barrier layer has been deposited over
25 the last copper wire, it is preferred that a passivating layer be applied over the top.

11
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adnmit to other equally effective enbodinents. Fi gures 1A through 1E
show a dual damascene via and wire definition and steps for providing a
metal interconnect in accordance with a first enbodi ment of the present

i nventi on. Fi gures 2A through 2F show a dual damascene via and wire
definition and steps for
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The methods of the present invention is preferably carried out in an integrated cluster tool
that has been programmed to process a substrate accordingly. Referring to Figure 3, a schematic
diagram of an exemplary integrated cluster tool 60 is shown. A complete description of the cluster
tools and its general operation are set out in commonly assigned U.S. Patent Application Serial No.

5 08/571,605, which is hereby incorporated by reference. The exact arrangement and combination of
chambers may be altered for purposes of performing specific steps of a fabrication process.

In accordance with the present invention, the cluster tool 60 is preferably equipped with a
microprocessor controller programmed to carry out the processing methods described above. In
order to begin the process, a substrate must be introduced through a caséette loadlock 62. A robot

10 64 having a blade 67 transfers the substrate from the cassette loadlock 62 through the buffer chamber
| 68 to a degas wafer orientation chamber 70 and then to the preclean chamber 72.

The etched substrate is then taken by the robot into the selective CVD Al chamber 82 for
void-free filling of the via to form a plug. Because certain nodules may be formed over the wire
definition, it may be desirable to transfer the substrate to a warm PVD Al chamber 84 where

15 deposition of warm aluminum planarizes the nodules.

The substrate is then transferred to chamber 86 to deposit a barrier layer over the plug and .
wire definition, preferably by physical vapor deposition. Copper is then deposited to fill the wire
definition by physical vapor deposition. It is anticipated that the substrate may be pro;essed or
cooled in one or more chambers any number of times in any order to accomplish fabrication of the

20 desired structure on the substrate. The substrate is then passed back through the transfer chamber
80, cooldown chamber 76 and buffetr chamber 68 to the loadlock 62 so that the substrate can be
removed. In order to complete the wire formation, the substrate is then sent to a chemical
mechanical polishing apparatus (not shown) for planarization.

One staged-vacuum wafer processing system is disclosed in United States Patent No.

25 5,186,718, entitled “Staged-Vacuum Wafer Processing System and Method,” Tepman et al., issued
on February 16, 1993, which is hereby incdrporated herein by reference.

12




providing a netal interconnect in accordance with a second enbodi nent of

the present invention. Figure 3 is an integrated processing system
configured for sequential netallization in accordance with the present
i nvention. DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT The

present invention generall y—-provides an in-situ netallization proce
provi di ng an interconnect inTﬂgﬂyQMﬂMA§%§§N ted strqg&ggngmksmmaﬁgj%PT
reduced i nterconnect resisﬂance ﬁgdLA@@éove eIectronlgraixmmogmmfamumuce.
More particularly, the pres i des a dual danmascene

i nt erconnect that incorporates selectlve chem cal vapor deposition (CVD)
metal fill ofnhiléhe\tbrd amgtkcﬁree@a@@the\y:éf&ré@éxﬁwmem@fwmemt inestetion, diher

present invention prOV|des the advantages of having (1), cfgper wires with
| ower ummﬁmmmmm@m¢gmmxQﬂmﬂmmdnmmnﬁﬂqgﬁﬂﬁéiyﬂ@%ﬂ@ﬂnﬂ@%t basjcgigope

e surdheiaeki R Gr0BF oF te everkion i drteminsd G e oHiid Waden e 1, o © ™

selective CVD netal via plugs, and (4) a reduced nunber of process steps.
For clarity, the present invention will be described below with reference
to a selective CVD Al process for formng via plugs and a PVD Cu process

for formng wires. However, other selective

-~
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CVD net al proeesses—and—other— PVD netal processes, such as PVD Al /Cu, may
be used to vant ages of the present invention. I n
one aspect amlm"nﬂmm!uml a method is provided for formng dual
damascene i nterconnects fNawing |lower resistivity and greater

el ectrom gration resistance. The nethod utilizes a dual damascene VI a_and

wire definition etched into a Fet ectri cl-ayers=A sub mgstL%%og;,@,,
filled w thout voids by selectiiv BiISEV Al ASTREEN Ire def i ni t ATIYDOCKET ABPRA K51

given a barrier layer and REPLACED

WHAT IS CLAIMED IS:

1. A method of forming a dual damascene interconnect in a dielectric layer having a dual
damascene via and wire definition, wherein the via has a floor exposing a deposition enhancing
material, comprising the steps of:

a) selectively chemical vapor depositing a first conductive metal on the deposition enhancing
material of the via floor to form a plug in the via;

b) depositing a barrier layer over the exposed surfaces of the plug and dielectric wire
definition;

c) depositing a second conductive metal over the barrier layer to fill the wire definition; and

W 00 A W s W N e

d) planarizing the second conductive metal, barrier and dielectric layers to define a

10 conductive wire.

1 2. The method of claim 1, wherein the second conductive metal is copper.

3. The method of claim 1, wherein the second conductive metal is selected from the group -
2 consisting of copper, aluminum and mixtures thereof.

1 4, The method of claim 1, wherein the first conductive metal is aluminum.

1 5. The method of claim 1, wherein steps (a) through (c) are performed in an integrated
2 processing system.

1 6. The method of claim 1, wherein the step of planarizing is performed by chemical mechanical
2 polishing.

14 I
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filled with cop i ' ysi cal vapor deposition (PVD) techniques.
The wires are cﬂm,m(,mg!'ﬂ@ﬂgn zing the structure. | n anot her
aspect of the invemtian,s siod is provided as descri bed above with the
additional step of depositing a warm PVD Al | ayer over the CVD Al plug and
the exposed dielectric |afers prigr tu tormng the barrier layer. The warm
PVD Al layer is depositedathid %&bt greater thap ab 50} SIPATRTand
preferably greater than alout 2B%] ‘m PVD Al |?@§§%&ﬁﬁmﬁf
provide a planarized netal fiTmwhere a loss of selectivity in the CVD A
step creates nodules on the dielectric surface. These nodul es are

I nGgor pogat edq ' Nas, | s ;
subscquant | y THEmefipd Of Gaih 1 bkl E Hofler 3 Loridly 3 tirl el ek from the
vod or gmap sondisting ol titdkived) titdidur aftfide, taeddurel) thithlam nitride, doped bilidoa) aluminuing,
structure_ i.n accordance with the present invention, a dielectric layer is
f oPned ﬁ@d BRI PYides. t echni ques over a deposition enhancing materia
formed on a substrate. The dielectric |ayer may be as thick as about tw ce
the thickness of a single netallization |ayer since a dual damascene via
\mdt w rg. def ANinkthOl ofi foimiAg L& FAmaiRhe idlérstiet W didleRtrRClayérChavhiged Hadl.

et her

2

damascene via and wire definition, wherein the via has a floor exposing a deposition enhancing

3 material, comprising the steps of:
4 a) selectively chemical vapor depositing aluminum on the deposition enhancing rﬁaterial of
5 the via floor to form a plug in the via;
6 b) physical vapor depositing a thin layer of aluminum over the exposed surfaces of the plug
7 and wire definition;
8 ¢) depositing a barrier layer over the aluminum layer;
9 d) depositing a conductive metal over the barrier layer to fill the wire definition; and
10 e) planarizing the conductive metal, barrier, aluﬁﬁnum and dielectric layers to define a
11 conductive wire.

1 9. The method of claim 8, wherein the conductive metal is copper.

10.  The method of claim 8, wherein the conductive metal is selected from the group consisting
2 of copper, aluminum and mixtures thereof.

1 11.  The method of claim 8, wherein steps (a) through (d) are performed in an integrated

2 processing system.

1 12.  The method of claim 8, wherein the barrier layer comprises a material selected from the

2 group consisting of titanium, titanium nitride, tantalum, tantalum nitride, doped silicon, aIuminpm,

15
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preséntly knovvn mm"m/mﬂ)mm,movered may be used and is within the
scope of the pre he dielectric |ayer may be deposited on
any suitable deposi t lon" efhadci hg materi aI al,_ =He preferred deposition

enhancing materials include conducti=ve=TE é’éaaﬁﬂ oped silicon.
Referring to Figures 1A through EH\%Sdr DSgEsect i o .aI di agram of a | a%

structure 10 is shown including @ dielf W VA %Mm

deposition enhancing | ayer 14, p an el ectrl cally g@.%@g’e ﬁmsvsus

or layer. The deposition enhancing |layer 14 may take the formof a doped
silicon substrate or it may bea first or subsequent conducting layer forned
oma sufitdhdhum/8dédi el ectric layer 16 is formed over the deposition
enhancing | ayer 14 1n accordance with procedures known in the art to form
apart of the overall integrated circuit. Once dep05|ted t he

l ectyic | che rma dyal danmascene via a er.ein
ﬁ Vi afshas ‘g qﬂ&; &%ﬁ#@@?@elm pReghmodule gvepa &qs{t}%‘rf MR ng
erla)Pa @11}19% |electr|c | ayer 16 may be acconplished with
any dielectric e g pr cess i ncl udi ng pl asma

3 a) forming a dielectric layer over the deposition enhancing material;

4 b) etching the dielectric layer to form a dual damascene via and wire definition, wherein
5 the via has a floor exposing a deposition enhancing material;

6 ¢} selectively chemical vapor depositing a conductive material on the deposition

7 enhancing material of the via floor to form a plug in the via;

] d) depositing a barrier layer over the exposed surfaces of the plug and wire definition;

9 e) physical vapor depositing copper over the barrier layer to fill the wire definition; and

10 f) planarizing the copper, barrier and dielectric layers to define a conductive wire.

14.  The method of claim 13, wherein the deposition steps are performed in an integrated
2 processing system.

15.  The method of claim 13, wherein the step of planarizing is performed by chemical
2 mechanica) polishing.

1 16.  The method of claim 13, wherein the barrier layer comprises a material selected from the
2 group consisting of titanium, titanium nitride, tantalum, tantalum nitride, doped silicon,
3 aluminum, and aluminum oxides.

1 17.  The method of claim 13, wherein the conductive material is aluminum.

1 18.  The method of claim 13, wherein the deposition enhancing material is provided by a

16
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- !'MHm\Im,mmm’ef I ¢ techniques for etching silicon dioxide and
organl c mat such conpounds as buffered hydrofluoric acid
and acetone or éKC r sp“ect*l vely. However, patterning may be acconplished
usi ng any met hod known in thex=ast .. Referring to Figure 1A a

cross-sectional diagram of andlBeﬂHdgq(m z ia and wire definition

PATENT
EXPRESS MAIL NO. EM051970375US
ATTY DOCKET APPM/1451

4

2 barrier layer of a material selected from the group consisting of titanium, titanium nitride,
tantalum, tantalum nitride, doped silicon, aluminum, and aluminum oxides.

1 19. A method of forming a dual damascene interconmect module, comprising the steps of:
2 a) forming a dielectric layer over a deposition enhancing material;
3 b) etching the dielectric layer to form a dual damascene via and wire definition, wherein
4 the via has a floor exposing the deposition enhancing material;
5 ¢) selectively chemical vapor depositing aluminum on the deposition enhancing material
6 of the via floor to form a plug in the via;
7 d) physical vapor depositing a thin layer of aluminum over the exposed surfaces of the
8 plug and wire definition;
9 ¢) depositing a barrier layer over the aluminum layer;
10 . f) physical vapor depositing copper over the barrier layer to fill the wire definition; and
11 g) planarizing the upper surface of the structure to define a conductive wire.

1 20.  The method of claim 19, wherein the deposition steps are performed in an integrated

2 processing system.

21.  The method of claim 19, wherein the barrier layer comprises a metal selected from the
2 group consisting of titanium, titanium nitride, tantalum, tantalum pitride, doped silicon,

3 aluminum, and aluminum oxides.
22.  The method of claim 19, wherein the deposition enhancing material is provided by a

2 barrier layer of a metal selected from the group consisting of titanium, titanium nitride, tantalum,

3 tantalum nitride, doped silicon, aluminum, and aluminum oxides.

17
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32 formed in the d Ellmm‘!mu}mﬁm‘H6 i s shown. The definition 32, forned
according to the p is generally intended to facilitate the
deposition of a con ducfi ve i nt er connect that will provide an el ectrical
connection with an underlyi . The definition 32 provides
via walls 34 and a floor 30 )I% 'ﬁ%ﬂd‘d%%ﬁsm portion of the depogj ieon
enhancing material 14. The ' ,__‘%fﬁhanm mterg@wﬁm,mlﬁOMer,
wire or device conprising a netal, dop on or ot her &TUMOOCIEN WRPM/1451
material. In particular, the deposi tion enhancing material may be provided
by a barrier layer of a nmetal selected fromthe group consisting of

aI Umi nu2d. al Amethod afforeing atmylttevalmetal mmﬂmmamaomm'mingtthqstapmqu t ant al um

ri de and ed. sili Th .esenge congductive via floor is
| 0i t ed ac"’SoﬁP vidipg 4 ﬁé’fﬁr&gﬁwq ‘P%H‘afeﬁ‘ PRI MPEPICSEe| ecti ve CVD
al proce [ fy f axézﬁﬁ ive
pr gcessfbﬁgfo?%ﬁﬂg Au‘ri#%gtrﬁé li‘i‘—}(’)r géljaﬂigfxé)w@d%oxpéﬂ m can gor megLf by t he

degonposi ti ad) ételifig tiRrdielecteit W@enid foﬁh didualdindayebit &2 dndWd-definititn, Svherein
partlcul ar_reaction occurs nmuch nore rapidly when the reactants conme in

coht act wtarhaaa@@pngmsmsaed»maﬁaomgmmmzmewhat is an el ectron donor,

sugch as the e an.electri.cal Ly conducti ter:al JThetefore t
i sgposm bl e g vglgrgh cg.t Yahor, drRosting Alupqintig, °s’§lé’fleegp$}§f R?g?j
wher e %ﬂh@ﬁﬂ’ﬁo@?t&%ﬁn@ plain k@Rt t ed by prepari ng a structure W|th sone

surfaces that are conductlve and sone surfaces that are non-conducti ve.
Re$erring tm)Fplgaswelmormmmmhmafﬂwmbvqm@mowbwrkcmftbe ug 18

g

f O§ med ;hgg Eu?c? %eﬁnition;
10 f) depositing a first barrier layer over the aluminum layer;
11 g) physical vapor depositing copper over the barrier layer to fill the wire definition;
12 h) planarizing the copper, barrier, aluminum and dielectric layers to define a conductive
13 wire; _
14 i) depositing a second barrier layer over the planarized layers, wherein the second barrier
15 layer is a deposition enhancing material; and
16 J) repeating steps (b) through (h).

1 24. The method of claim 23, further comprising the step of applying a passivating layer over the
2 top planarized layer.

-_—
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32 is shown. Selective CVD Al provides epitaxial growth of a void-free,
single crystal plug. Despite the relative selectivity of the CVvD Al, snmall
anounts of the CVD Al can al so deposit on the surfaces of the

non-conductive dielectric la 5 hles if the surface includes
defects that can serve as nufjl B4SISHFEESHASPSEEN ‘ PATENT
- 8- REPLACED ‘ EXPRESS MAIL NO. EM051970375US

ATTY DOCKET APPM/1451

ABSTRACT OF THE DISCLOSURE
The present invention generally provides a metallization process for forming a highly
integrated interconnect. More particularly, the present invention provides a dual damascene
interconnect module that incorporates selective chemical vapor deposition aluminum {CVD Al) via
5 fill with a metal wire, preferably copper, formed within a barrier layer. The invention provides the
advantages of having copper wires with lower resistivity (greater conductivity) and greater:
electromigration resistance than aluminum, a barrier layer between the copper wire and the
surrounding dielectric material, void-free, sub-half micron selective CVD Al via plugs, and a
reduced number of process steps to achieve such integration.
10
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Wiile the CVD Al may be deposited under various conditions,

process invol ves

about 280[err]C and a deposition rafe=o
200 A/sec,. and between about 300
sel ective CvD. The CVD) Al depositi

of between about
pressure being about 25 torr.

gas (Herr]) wln the f
6( CH
oE [err])[eﬁ M[err]

_ rrl)l
alum num + Herr] Th

SAGEDf or megl at chanber

a typical

substrate tenperatures of between about 120[err]C and

t 20 A/sec and abou
S&tS SHRET HBSWEEMOPO A/ sec.
n_nay &5
1 torr and about 80 torr,

-

for

netal interconnect 18 is sel ectvwe

pressures
timtie-preferred ch 1o
jtion feaei on CVvD Al
(3 ') i th hydrogen
1%%
----- QLA@ TVA (rrlnethyl
ion within the]via 33 o‘Lorma
=1 36—ot d nder | yi ng

conductive | ayer

L LUAUUOoLUT 1T1TC OouUl Iu

14 has been exposed to the CVvD Al at

C OV Ul

\ the floor of the

FIG. 1B

FIG. 1C

FIG. 1D

FIG. 1E
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~
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via 32. Therefore, the CVD Al is deposited fromthe floor 30 upward to f||
the aperture 32 without any subst anj= D._A deoOS|t|on on the via walls

34. Furthernore, the via 32 (dﬁﬂ%&ﬁgﬁT F-al | y non-conducti ve
dielectric walls 34 and the conductffve flgEpg Ndjscussed above, -%9-
substantially non-conducting materi ars; “:rn—". electric walls 34 of
the aperture, are not good el ectron donors and, therefore, do not provjde

precurs Ratder,

eggusg thg exposed
uc{ eatqs the

good nucl eation for deconpositi t he
CVvD netal filmbegins to formoph the¢ via
conducting nenber 14 formng the fl gor of |t

deconpositio r Ani tial]lay of, en sted on
the via roogFQEZEiub nt depositipnioccurs tagily sq that the
metal grows fromthe via floor B0 upwhr¢ or out ayolfill tlhe via 32.
Al t hough defects on the diel ecttrematti34—of—the—v+ lealysg the
formation of scattered nodules within the aperture, tlhese nodules typically
do not block the aperture to cause voids therein 30 —40
38—
FIG. 2B —16
18—~
40
38 ~
42 N 42
FIG. 2C —16
18—~
42 20
FIG. 2D
— 22

] %

FIG. 2E I [

39 20 39 42

{ [ [

U L—40
FIG. 2F -
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-9 - because nodul e formation occurs at a nuch slower rate than
selective growh. The viais filled with netal fromthe floor upward befor

a nodul e has an opportunity to grow across the viga-and forma void thereLm%*
even in a via having an aspect r gii@=ts=rqlI, because the conductin
via floor 30 exposes a nmuch | arge L typi cal defects. The
endpoi nt of the selective depositl =y the deposition rate
and durati on. Ref erri ng t &=Fs C, a barrier layer 20 is
deposited over the alum numplug 18 as well as the walls and floor of the
wire definition 38AThe barrier layer is preferably forned of ani um

86

VOLTAGE

SOURCE
76

MICROPROCESSOR
CONTROLLER

-
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titaniumnitride, tantalumor tantalumnitride. The process used may be PVD
or CVD. The barrier layer limts the diffusion of copper and dramatically
increases the reliability of the alumnumplug 18. It _is preferred that the

barrier layer having a thickness between about 50 a ]t; ons
(A), nost preferably about 200 A Referring FEgtl-g copper 22
I s physical vapor deposited over the rier layer 20ito fill I rle

definition 38 (see Figure 1 C). In order to fill the W r23ddB @8 o
will generally occur that the entire field of the stiructure wll bejcame
covered with the PVD Cu. Referring to Figure 1E, the top portion of
the structure 10 is then planarized, preferably by m.cal.nechani.call
polishing (CWP).. During the planarization process, portions of the copper
22, barrier material 20 and dielectric 16 are renoved fromthe top of the

structure i‘ﬁﬂhﬁ r : : "ﬁ : ﬁ . Rrrred
%?Lghndescr [ b&WM‘EE%E% ggﬁ&%;}{ﬁ&g@%oﬁ he

depositing a thin layer of alum num over the exposed surfaces of the plug

and wire definition prior to formng the barrier |ayer. The purpose of the
t hi n PVDBACKGROUNDOF THEBYWWENBIY any nodul es formed on the surfaces of

the wire definition so that the barrier layer will be uniform and

cont i nuoeld of the Invedtishher ri ng to Fi gures 2A through 2F, the steps invol ved

in this secong aspect. of the jnvention . ) .
ghe present invention reiates to a metallization method for manufacturing semiconductor

devices. More particularly, the present invention relates to fully planarized dual damascene
metallization using a copper line interconnect and a selective CVD metal via plug.
Bac d e Related

Sub-half micron multilevel metallization is one of the key technologies for the next
generation of very large scale integration (VLSI). The multilevel interconnects that lie at the heart
of this technology require planarization of interconnect features formed in high aspect ratio
apertures, inch;ding contacts, vias, lines or other features. Reliable formation of these intérconnect
features is very iinportant to the success of VLSI and to the continued effort to increase circuit
density and quality on individual substrates and die. |

As circuit densities increase, the widths of vias, contacts and other features, as well as the
dielectric materials between them, must decrease. Therefore, there is a great amount of ongoing
effort being directed af the formation of smaller and smaller void-free features. One such method
involves selective chémical vapor deposition (CVD) of material only on exposed nucleation surfaces
as provided on the stbstrate surface. Selective CVD involves the deposition of a film layer upon
contact of a component of the chemical vapor with a conductive substrate. The component nucleates
on such substrate creating a metal surface on which further deposition proceeds. . |

Selective CVD metal deposition is based on the fact that the decomposition of 2 CVD metal
precursor gas usually requires a source of electrons from a conductive nucleation film, In

accordance with a conventional selective CVD metal deposition process, the metal should grow in



are set out. Figures 2A and 2B are the same as Figures 1A and 1B,
respectively. Figure 2C shows the PVD Al |ayer 42 formed over the structure
40 from Figure 2B. The PVD Al provides a snooth

- 10 - REPLACEMENT SHEET
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the bottom of an aperture where either a metal film or doped silicon or metal silicide from the
underlying conductive layer has been exposed, but should not grow on dielectric surfaces such as

 the field and aperture walls. The underlying metal films or doped silicon are electrically conductive,
unlike the dielectric field and aperture walls, and supply the electrons needed for decomposition of
the metal precursor gas and the resulting deposition of the metal. The result obtained through
selective deposition is an epitaxial “bottom-up” growth of CVD metal in the apertures capable of
filling very small dimension (<0.25 um), high aspect ratio (>5:1) via or contact openings.

Elemental aluminum (AlI) and its alloys have been the traditional metals used to form lines
and plugs in semiconductor processing because of aluminum’s low resistivity, superior adhesion to
silicon dioxide (Si0,), ease of patterning, and high purity. Furthermore, aluminum precursor gases
are available which facilitate the selective CVD process described above. However, aluminum has
higher resistivity and problems with electromigration. Electromigration is a phenomenon that occurs
in a metal circuit while the circuit is in operation, as opposed to a failure occurring during
fabrication. Electromigration is caused by the diffusion of the metal in the electric field set up in
the circuit. The metal gets transported from one end to the other after hours of operation and
eventually separates completely, causing an opening in the circuit. This problem is sometimes
overcome by Cu doping and texture irnpro’»;'ement. However, electromigration is a problem that gets
worse as the level of integration increases.

Copper and its alloys, on the other hand, have even lower resistivities than aluminum and
significantly higher electromigration resistance. These characteristics are important for supporting
the higher current densities experienced at high levels of integration and increase device speed.
However, the primary problems with integrating copper metal into multilevel metallization systems
are (1) the difficulty of patterning the metal using etching techniques, and (2) filling small vias using '
PVD and lack of CVD _pfocess. For devices of submicron minimum feature size, wet etch
techniques for copper patterning have not been acceptable due to liquid surface tension, isotropic

etch profile, and difficulty in over-etch control and reliable no dry etch process is available.



| ayer that incorporates any nodules forned during the previous step of
sel ective CVD Al. The preferred thickness for the PVD-A )
bet ween about 100 A and about 700 A. Figures 2D thro &EPERC@@:
deposition of a barrier |ayer 20, deposition of a PVD (n a2
pl anari zation of the structure 40 in a gsimlar fashig¢gnjfas set out abbv- in

Figures I1C through I E, respectively. fefore, the se¢ ﬁ&(&g&of tihe
invention is vastly simlar to the process first desgribed i tihe
addition of an intermedi ate step of depositing a PVQ et ween
the CVD Al plug 18 and the barrier |ayer 20. nye aspect

of the present invention, a nethod of formng a nultil eveI rret al
i nterconnect is provi ded. Fi rst, a layer of a deposition enhancing materi al
is provided on a workpiece. A dielectric | ayer is then fornmed over the
exposed | ayer SﬂVerdbpﬂbdds have bscxt;anmdsngfonpnoduding paanﬂemoppe&ltemoxﬁacmim:hdmg
damascene Wi re Fgfl n| Wnergl n t via h a floor ex%om ng the

deposi ti o’f*leYéé:ﬁK ﬁqs?tf?éesﬁﬁ PH ect%q HEPHGH °§fm\9a tiye ion
al um num éEhiy Ahd lift fRbdesding:d Bl&ud&@@phﬁn@}eqméwﬂat% h&ﬁr d?%ﬁ‘?&b!tcbﬂﬁct  be

enhancing material of the via floor to forma plug in the via. At th

stage, theedstiemakafedlooragndyptiveo it |condustivs feorsan ien b shasgedsp apact Nppcher

t he expos?gjmg%lfu I:th the plug and wire definition. This optional |ayer
is helpful to srmot over al um num nodul es on dielectric surfaces caused by

| oss of sel ectSelactive clemickt sapomh deposition @ypically involves the decomposition of a metal
precursor gas on an electrically conducting surface. However, a reliable process for selective CVD
copper is not available.

High temperature reactive ion etching (RIE), or sputter etching, has also been used to pattern
a copper layer. Furthermore, the RIE can be used in conjunction with lift off processing in which
excess metal is lifted off the structure by a release layer to leave a planar surface having a copper
feature formed therein.

Yet another technique for metal wiring of copper comprises the patterning and etching of a
trough and/or contact within a thick layer of insulating material, such as SiO,. Thereafter, a thin
layer of a barrier metal, such as Ti, TIW or TiN, may be provided on top of the insulating layer and

- within the trough and/or contact to act as a diffusion barrier to prevent inter-diffusion of the metal
to be subsequently deposited into the silicon, and between such metal and oxide. After barrier metal
deposition, a layer of copper is deposited to completely fill the trench.

Despite the availability of these techniques, there remains a need for a copper metallization
process for fabricating interconnects at high levels of integration. Such highly integrated
interconnects must provide void-free vias, particularly in high aspect ratio, sub-quarter micron wide
apertures for forming contacts and vias. Furthermore, there is a need for a process providing a
circuit with higher electrical conductivity and improved electromigration resistance. It would be -
desirable to have a simple process requiring fewer processing steps to form metal plugs in the vias
and wires in the trenches. It would be further desirable if the process could achieve all this without
the use of metal etch techniques.



Next, a first barrier layer is deposited over the alum num plug and
dielectric surfaces or, alternatively, over the optional PVD Al layer. PVD

Cu is then deposited over the barrier layer to fill +e..definjtion.
The copper, barrier, alum numand dielectric |ayers M@MT%@%’

structure are planarized, preferably by CWP, to def
second barrier layer, that can al so furfttion as a d
material, is then deposited over the planarized | a

ner,

copper wire is enclosed by barrier layers to prevent Wiffusion of

he

ng—a Tonducti-vg Wire. A
AL

copper and the a deposition enhancing |ayer is provided so that the process

can be repeated any nunber of tines to forma nulti
| ast barrier |ayer has been deposited over the |ast copper wire, it
preferred that a passivating | ayer be applied over the top.

IS

ev*e+-~m)d1:t4—e~.-~Mher t he

SUMMARY OF THE INVENTION

The present invention provides a method for forming a dual damascene interconnect in a
dielectric layer having dual damascene via and wire definitions, wherein the via has a floor exposing
a deposition enhancing material. The method includes selective chemical vapor deposition of a
conductive metal, preferably aluminum, on the deposition enhancing material of the via floor to form
a plug in the via. A barrier layer is then deposited over the exposed surfaces of the plug and wire
definition. The wire definition is then filled by depositing a conductive metal, preferably copper,
over the barrier layer. Finally, the conductive metal, the barrier and the dielectric layers are
* planarized, such as by chemical mechanical polishing, to define a conductive wire.

Another aspect of the invention provides a method of forming a dual damascene interconnect
module over a deposition enhancing material. This method further includes the steps of forming a
dielectric layer over the deposition enhancing material and then etching the dielectric layer to form
a dual damascene via and wire definition, wherein the via has a floor exposing a deposition
enhancing material. Where a substrate does not already have a layer of a deposition erﬂmncing-~
material, this layer may be provided prior to forming the dielectric layer. Furthermore, a multilevel
metal interconnect may be formed in accordance with the invention by depositing a subsequent
barrier layer of a deposition enhancing material over the planarized layers. A dielectric layer is

subsequently formed and filled by repeating the steps described above,

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features, advantages and objects of the present
invention are attained can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to the embodiments thereof which are illustrated |
in the appended drawings. |

It is to be noted, however, that the appended drawings illustrate only typical embodiments

of this invention and are therefor not to be considered limiting of its scope, for the invention may
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Figures 1A through 1E show a dual damascene via and wire definition and steps for
providing a metal interconnect in accordance with a first embodiment of the present invention.

Figures 2A through 2F show a dual damascene via and wire definition and steps for
providing a metal interconnect in accordance with a second embodiment of the present invention.

Figure 3 is an integrated processing systenr configured for sequential metallization in
accordance with the present invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

The present invention generally provides an in-situ metallization process providing an
interconnect in a highly integrated structure which has a reduced interconnect resistance and
improved electromigration performance. More particularly, the present invention provides a dual
damascene interconnect that incorporates selective chemical vapor deposition (CVD) metal fill of

the vié. with a copper wire formed on a barrier layer. The present invention provides the advantages
of havmg (1) copper wires with lower resistivity (greater conductivity) and greater electromigration
resistance than aluminum, (2) a barrier layer between the copper wire and the surrounding dielectric
material, (3) void-free, sub-half micron selective CVD metal via plugs, and (4) a reduced number
of process steps.

For clarity, the present invention will be described below with reference to a selective CVD

- Al process for forming via plugs and 2 PVD Cu process for forming wires, However, other selective
CVD metal processes and other PYD metal processes, such as PVD Al/Cu, may be used to -
accomplish the advantages of the present invention,

In one aspect of the invention, a method is provided for forming dual damascene
interconnects having lower resistivity and greater electromigration resistance. The method utilizes.
a dual damascene via and wire definition etched into a dielectric layer. A sub-half micron via is
filled without voids by selective CVD Al. The wire definitions are then given a barrier layer and
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provide a planarized metal film where a loss of selectivity in the CVD Al step creates nodules on the

dielectric surface. These nodules are incorporated into a thin planarized metal layer to assure that
the subsequently deposited barrier layer will be uniformly deposited with no void or gaps through
which the copper can diffuse.

To form an IC structure in accordance with the present invention, a dielectric layer is formed
by conventional techniques over a deposition enhancing material formed on a substrate. The
dielectric layer may be as thick as about twice the thickness of a single metallization layer since a
dual dmasceﬁe via and wire definition will be etched therethrough. Any dielectric material, whether
presently known or yet to be discovered, may be used and is within the scope of the present
invention. The dielectric layer may be deposited on any suitable deposition enhancing material, but
the preferred deposition enhancing materials include conductive metals and doped silicon.

Referring to Figures 1A through 1E, a cross-sectional diagram of a layered structure 10 is
shown including a dielectric layer 16 formed over a deposition enhancing layer 14, preferably an
electrically conducting member or layer. The deposition enhancing layer 14 may take the form of
a doped silicon substrate or it may bea first or subsequent conducting layer formed on a substrate.
The dielectric layer 16 is formed over the deposition enhancing layer 14 in accordance with
procedures known in the art to form a part of the overall integrated circuit.

Once deposited, the dielectric layer is etched to form a dual damascene via and wire, wherein
the via has a floor 30 exposing a small portion of the deposition enhancing material 14. Etching of
the dielectric layer 16 may be accomplished with any dielectric etching process, including plasma



5,186,718, entitled "Staged-Vacuum Waf er Processing System and Met hod, "
Tepman et al., issued on February 16, 1993, which is hereby incorporated
herei n by reference. -12-
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etching. Specific techniques for etching silicon dioxide and organic materials may include such
compounds as buffered hydrofluoric acid and acetone or EKC, respectively. However, patterning
may be accomplished using any method known in the art.

Referring to Figure 14, a cross-sectional diagram of a dual damascene via and wire definition
32 formed in the dielectric layer 16 is shown. The definition 32, formed according to the present
invention, is generally intended to facilitate the deposition of a conductive interconnect that will
provide an electrical connection with an underlying conductive member. The definition 32 provides
via walls 34 and a floor 30 exposing at least a portion of the deposition enhancing material 14. The
deposition enhancing material 14 may be a layer, wire or device comprising a metal, doped silicon
or other conductive material. In particular, the deposition enhancing material may be provided by
a barrier layer of a metal selected from the group consisting of aluminum, aluminum oxides,
titanium, titanium nitride, tantalum, tantalum nitride and doped silicon. The presence of a
conductive via floor is exploited according to the present invention to provide a selective CVD metal
process to fill the via or plug. The preferred metal for selective CVD processing is aluminum. For
example, a CVD Al film can be formed by the decomposition reaction of dimethyl aluminum
hydride ("DMAH™). This particular reaction occurs much more rapidly when the reactants come in
contact with a deposition enhancing material that is an electron donor, such as the surface of an
electrically conductive material. Therefore, it is possible to achieve a certain measure of control or
selectivity over where and how the CVD Al is deposited by preparing a structure with some surfaces
that are conductive and some surfaces that are non-conductive.

Referring to Figure 1B, a cross-sectional view of a void-free metal plug 18 formed in the via -
32 is shown, Selective CVD Al provides epitaxial growth of a void-free, sirigle crystal plug.
Despite the relative selectivity of the CVD Al, small amounts of the CVD Al can also deposit on thg '
surfaces of the non-conductive dielectric layer 16 to form nodules if the surface includes defects that

can serve as nucleation sites.
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While the CVD Al may be deposited under various conditions, a typical process involves
substrate temperatures of between about 120°C and about 280°C and a deposition rate of between
about 20 A/sec and about 200 A/sec,. and between about 300 A/sec. and about 1000 A/sec. for
selective CVD. The CVD Al deposition may be performed at chamber pressures of between about
1 torr and about 80 torr, with the preferred chamber pressure being about 25 torr. The preferred
deposition reaction for CVD Al involves the reaction of dimethy! aluminum hydride (‘DMAH™)
with hydrogen gas (H,) according to the following equation:

6(CH,),Al - H+3H, = == 6Al+ 12CH,
or

(CH;, AlI-H ------ Al+2 TMA (trimethy! aluminum) + H,

The deposition within the via 32 to form a metal interconnect 18 is selective because the

. surface 30 of the underlying conductive layer 14 has been exposed to the CVD Al at the floor of the

via 32. 'I'herefore,_ the CVD Al is deposited from the floor 30 upward to fill the aperture 32 without
any suﬁstantial CVD Al deposition on the via walls 34.

Furthermore, the via 32 comprises substantially non-conductive dielectric walls 34 and the
conductive floor 30. As discussed above, subétanﬁally non-conducting materials, such as the
dielectric walls 34 of the aperture, are not good electron donors and, therefore, do not provide good
nucleation for decomposition of the CVD metal precursor. Rather, the CVD metal film begins to
fonn on the via floor 30 because the exposed conducting member 14 forming the floor of {:he-via 32
nucleates the decomposition. Afcer an initial layer of the metal has been deposited on the via floor
30, subsequent deposition occurs more easily so that the metal grows from the via floor 30 upward *
or outward to fill the via 32.

Although defects ox; the dielectric wall 34 of the via 32 may cause the formation of scattered
nodules within the aperture, these nodules typically do not block the aperture to cau‘se voids therein
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because nodule formation occurs at a much slower rate than selective growth. The via is filled with
metal from the floor upward before a nodule has an opportunity to grow across the via and form a
void therein, even in a via having an aspect ratio as high as 5:1, because the conducting via floor 30
exposes a much larger surface area than typical defects. The endpoint of the selective deposition is
determined by the deposition rate and duration.

Referring to Figure 1C, a barrier layer 20 is deposited over the aluminum plug 18 as well as
the walls and floor of the wire definition 38. The barrier layer is preferably formed of titanium,
titanium nitride, tantalum or tantalum nitride. The process used may be PVD or CVD. The barrier
layer limits the.diffusion of copper and dramatically increases the reliability of the aluminum plug
18. It is preferred that the barrier layer having a thickness between about 50 and about 400
Angstroms (A), most preferably about 200 A.

Referring to Figure 1D, copper 22 is physical vapor deposited over the barrier layer 20 to fill
the wire definition 38 (see Figure 1C). In order to fill the wire definition, it will generally occur that
the entire field of the structure will become covered with the PVD Cu.

. Referring to Figure 1E, the top portion of the structure 10 is then planarized, preferably by
chemical mechanical polishing (CMP). During the planarization process, portions of the copper 22,
barrier material 20 and dielectric 16 are removed from the top of the structure leaving a fully planar
surface with a conductive wire 39 formed therein.

In accordance with a second aspect of the invention, the method described above may further
comprise the step of physical vapor depositing a thin layer of aluminum over the exposed surfaces
of the plug and wire definition prior to forming the barrier layer. The purpose of the thin PVD Al
layer is to smooth over any nodules formed on the surfaces of the wire definition so that the barrier
layer will be uniform and continuous. . '

Referring to Figures 2A through 2F, the steps involved in this second aépect of the invention
are set out. Figures 2A and 2B are the same as Figures 1A and 1B, respectively. Figure 2C shows
the PVD Al layer 42 formed over the structure 40 from Figure 2B. The PVD Al provides a smooth
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layer that incorporates any nodules formed during the previous step of selective CVD Al. The
preferred thickness for the PVD Al layer 42 is between about 100 A and about 700 A. Figures 2D
through 2F then detail the deposition of a barrier layer 20, deposition of a PVD Cu layer 22, and

planarization of the structure 40 in a similar fashion as set out above in Figures 1C through 1E,
respectively. Therefore, the second aspect of the. invention is vastly similar to the process first
described, but with the addition of an intermediate step of depositing a PVD Al layer 42 between the
CVD Al plug 18 and the barrier layer 20.

In yet another aspect of the present invention, a method of forming a multilevel metal
interconnect is-provided. First, a layer of a deposition enhancing material is provided on a
workpiece. A dielectric layer is then formed over the exposed layer of deposition enhancing material
and etched to form a dual damascene via and wire definition, wherein the via has a floor exposing
the deposition enhancing material. Selective chemical vapor deposition of aluminum (CVD Al) is
performed to deposit aluminum on the deposition enhancing material of the via floor to form a plug
in the via. At this stage, the interconnect may optionally receive a thin layer of PYD Al over the
exposed surfaces of the plug and wire definition. This optional layer is helpful to smooth over
aIummum nodules on dielectric surfaces caused by.loss of selectivity, as described above.

Next, a first barrier layer is deposited over the aluminum plug and dielectric surfaces or,
altematively, over the optional PVD Al layer. PVD Cu is then deposited over thie barrier layer to
fill the wire definition. The copper, barrier, aluminum and dielectric layers that comprise the
structure are planarized, prefez;ably by CMP, to define a conductive wire. A second barrier layer,
that can also function as a deposition enhancing material, is then deposited over the planarized
layers. In this manner, the copper wire is enclosed by barrier layers to prevent diffusion of the
copper and the a deposition enhancing layer is provided so that the process can be repeated any .
number of times to form a multilevel module. When the last barrier layer has been deposited over

the last copper wire, it is preferred that a passivating layer be applied over the top.
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The methods of the present invention is preferably carried out in an integrated cluster tool
that has been programmed to process a substrate accordingly, Referring to Figure 3, a schematic
diagram of an exemplary integrated cluster tool 60 is shown. A complete description of the cluster
tools and its general operation are set out in commonly assigned U.S. Patent Application Seriat No.
08/571,605, which is hereby incorporated by reference. The exact arrangement and combination of
chambers may be altered for purposes of performing specific steps of a fabrication process.

In accordance with the present invention, the cluster tool 60 is preferably equipped with a
microprocessor controller programmed to carry out the processing me_t‘hods described above. In -
order to begin the process, a substrate must be introduced through a cassette loadlock 62. A robot
64 having a blade 67 transfers the substrate from the cassette loadlock 62 through the buffer chamber
68 to a degas wafer orientation chamber 70 and then to the preclean chamber 72.

The etched substrate is then taken by the robot into the selective CVD Al chamber 82 for
void-free filling of the via to forrn a plug. Because certain nodules may be formed over the wire
definition, it may be desirable to transfer the substrate to a2 warm PVD Al chamber 84 where
deposition of warm aluminum planarizes the nodules.

The substrate is then transferred to chamber 86 to deposit a barrier layer over the plug and
wire definition, preferably by physical vapor deposition. Copper is then deposited to fill the wire
definition by physical vapor deposition. It is anticipated that the substrate may be px;oc‘:essed or
cooled in one or more chambers any number of times in any order to accomplish fabrication of the
desired structure on the substrate. The substrate is then passed back through the transfer chamber
80, cooldown chamber 76 and buffer chamber 68 to the loadlock 62 so that the substrate can be
removed. In order to complete the wire formation, the substrate is then sent to a chernical
mechanical polishing apparatus (not shown) for planarization.

One staged-vacuum wafer processing system is disclosed in United States Patent No.
5,186,718, entitled “Staged-Vacuum Wafer Processing System and Method,” Tepman et al,, issued
on February 16, 1993, which is hereby incorporated herein by reference.
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While the foregoing is directed to the preferred embodiment of the present invention, other

and further embodiments of the invention may be devised without departing from the basic scope

thereof. The scope of the invention is determined by the claims which follow.
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WHAT IS CLAIMED IS:

1. A method of forming a dual damascene interconnect in a dielectric layer having a dual

damascene via and wire definition, wherein the via has a floor exposing a deposition enhancing
material, comprising the steps of:

a) selectively chemical vapor depositing a first conductive metal on the deposition enhancing
material of the via floor to form a plug in the vxa,

b) depositing a barrier layer over the exposed surfaces of the plug and dielectric wire
definition;

c) depositing a second conductive metal over the barrier layer to fill the wire definition; and

d) planarizing the second conductive metal, barrier and dielectric layers to define a

conductive wire,
2. The method of claim 1, wherein the second conductive metal is copper.

3. The method of claim 1, wherein the second conductive metal is selected from the group
consisting of copper, aluminum and mixtures thereof.

4.  Themethod of claim 1, wherein the first conductive metal is aluminum.

5. The method of claim 1, wherein steps (a) through {(c) are performed in an integrated

processing system.

6. The method of claim 1, wherein the step of planarizing is performed by chemical mechanical
polishing,
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7. The method of claim 1, wherein the bartier layer comprises a materiat selected from the
group consisting of titanium, titanium nitride, tantalum, tantalum nitride, doped silicon, aluminum,

and aluminum oxides.

8. A method of forming a dual damascene interconnect in a dielectric layer having a dual
damascene via and wire definition, wherein the via has 2 floor exposing 2 deposition enhancing
material, comprising the steps of:

a) selectively chemical vapor depositing aluminum on the deposition enhancing n.zaterial of
the via floor to form a plug in the via;

b) physical vapor depositing a thin layer of aluminum over the exposed surfaces of the plug
and wire definition;

c) depositing a barrier layer over the aluminum layer;

d) depositing a conductive metal over the barrier l_ayer to fill the wire definition; and

¢) planarizing the conductivle metal, barrier, aluminum and dielectric layers to define a

:onductive wire,
3. The method of claim 8, wherein the conductive metal is copper.

10.  Themethod of claim 8, wherein the conductive metal is selected from the group consisting
>f copper, aluminum and mixtures thereof,

1.  The method of claim 8, wherein steps (a) through (d) are performed in an integrated

rocessing system.

:2.  The method of claim 8, wherein the barrier layer comprises a material selected from the

mwoup consisting of titanium, titanium nitride, tantalum, tantalum nitride, doped silicon, aluminum,
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13.  Amethod of forming a dual damascene interconnect module over a deposition enhancing
material, comprising the steps of:

a) forming a dielectric layer over the deposition enhancing material;

b) etching the dielectric layer to form a dual damascene via and wire definition, wherein
the via has a floor exposing a deposition enhancing material;

¢) selectively chemical vapor depositing a conductive material on the deposition
enhancing material of the via floor to form a plug in the via; |

d) depositing a barrier layer over the exposed surfaces of the plug and wire definition;

€) physical vapor depositing copper over the barrier layer to fill the wire definition; and

f) planarizing the copper, barrier and dielectric layers to define a conductive wire,

14.  The method of claim 13, wherein the deposition steps are performed in an integrated
processing system.

15, The method of claim 13, wherein the step of planarizing is performed by chemical
. mechanical polishing, '

16.  The method of claim 13, wherein the barrier layer comprises 2 material selected from the
group consisting of titanium, titanium nitride, tantalum, tantalum nitride, doped silicon, -
aluminum, and aluminum oxides.

17. The method of claim 13, wherein the conductive material is aluminum,

18.  The method of claim 13, wherein the deposition enhancing material is provided by a
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barrier layer of a material selected from the group consisting of titanium, titanium nitride,
tantalum, tantalum nitride, doped silicon, aluminum, and aluminum oxides.

19. A method of forming a dual damascene interconnect module, comprising the steps of:

a) forming a dielectric layer over a deposition enhancing material;

b) etching the dielectric layer to form a dual damascene via and wire definition, wherein
the via has a floor exposing the deposition enhancing material;

c) selectively chemical vapor déposiﬁng aluminum on the deposition enhancing material
of the via floor to form a plug in the via;

d) physical vapor depositing a thin layer of aluminum over the exposed surfaces of the
plug and wire definition;

¢) depositing a barrier layer over the aluminum layer;

f) physical vapor depositing copper over the barrier layer to fill the wire definition; and

g) planarizing the upper ;surface of the structure to define a conductive wire.

20.  The methdd of claim 19, wherein the deposition steps are performed in an integrated
processing system.

21.  Themethod of claim 19, wherein the barrier layer comprises a metal selected from the
group consisting of titanium, titanium nitride, tantalum, tantalum nitride, doped silicon,

aluminum, and aluminum oxides.

22.  The method of claim 19, wherein the deposition enhancing material is provided by a
barrier layer of a meta] selected from the group consisting of titanium, titanium nitride, tantalum,

tantalum nitride, doped silicon, aluminum, and aluminum oxides.
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23. A method of forming a multilevel metal interconnect, comprising the steps of:
a) providing a layer of a deposition enhancing material on a workpiece;
b) forming a dielectric layer over the exposéd layer of deposition enhancing material;
¢) etching the dielectric layer to form a dual damascene via and wire definition, wherein
the via has a floor exposing a deposition enhancing material;
d) selectively chemical vapor depositing aluminum on the deposition enhancing material
of the via floor to form a plug in the via;
€) physical vapor depositing a thin layer of aluminum over the exposed surfaces of the
plug and wire definition;
f) depqsiting a first barrier layer over the aluminum layer;
8) physical vapor depositing copper over the barrier layer to fill the wire definition;
h) planarizing the copper, barrier, aluminum and dielectric layers to define a conductive
wire;
i) depositing a second barrier layer over the planarized | layers, wherein the second barrier
layer is a deposition enhancing material; and
| J) repeating steps (b) through (h).

24. The method of claim 23, further comprising the step of applying 2 passivating layer over the
top planarized layer. |
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FULLY PLANARIZED DUAL DAMASCENE METALLIZATION USING COPPER LINE

INTERCONNECT AND SELECTIVE CVD ALUMINUM PLUG

ABSTRACT OF THE DISCLOSURE

The present invention generally provides a metallization process for forming 2 highly
integrated intefconnect. More particularly, the present invention provides a dual damascene
interconnect module that incorporates selective chemical vapor deposition aluminum (CVD Al via
fill with a metal wire, preferably copper, formed within a barrier layer. The invention provides the
advantages of having copper wires with lower resistivity (greater conductivity) and greater
electromigration resistance than aluminum, a barrer layer between the copper wire and the
surrounding dielestric material, votd-ﬁ:ee, sub-half micron selective CVD Al via plugs, and 2

reduced number of process steps to achieve such integration.

Figures 2A - 2F




- 17- 23. A nmethod of formng a multilevel netal interconnect,
conprising the steps of:
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a) ﬁroviding a layer of a deposition enhancing material on a workpiece;

b) formng a dielectric |ayer over the exposed |a

enhanci ng materi al ;

danascene via and wire definition,

depositi on enhancing nmateri al ;

to forma plug in the via,

definition; f) depositing a first barrier 4a g oum
| ayer; g) physical vap COop| er | ayer to
fill the wire definition; ijzi n barrier,
al um num an CtIaC Iayers con |)
deposi ting g[%l?t; er | slyer ovpr|the planari %ﬁereln t he
second barrier layer is a depdsition}ephanci ng3& i@l ; 1)
repeating steps (b) through ( 14 :
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d) selectil
depositing al um num on the dep03|t|on'e%hanC|ng :
physi cal ,
| ayer of al um num over the exposed surfaces of th

-3y chen1ca|r.
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24. The nmethod of claim 23, further conprising the step of applying a
. passivating | ayer over the top planarized |ayer.
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