(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

AT Y0 O

(43) International Publication Date (10) International Publication Number

23 September 2004 (23.09.2004) PCT WO 2004/082017 A1l

(51) International Patent Classification’: HO1L 21/768 (81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

(21) International Application Number: AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

PCT/US2004/006388 CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, F,

GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,

KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,

MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,

PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,

(25) Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(22) International Filing Date: 2 March 2004 (02.03.2004)

(26) Publication Language: English
(84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
10/383 318 7 March 2003 (07.03.2003)  US GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,

(71) Applicant (for all designated States except US): AD- GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK,
VANCED MICRO DEVICES, INC. [US/US]; One TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
AMD Place, Mail Stop 68, P.O. Box 3453, Sunnyvale, CA ML, MR, NE, SN, TD, TG).

94088-3453 (US).
Published:

(72) Inventors; and —  with international search report

(75) Inventors/Applicants (for US only): WANG, Pin-Chin, —  pefore the expiration of the time limit for amending the
Connie [US/US]; 461 Burgess Drive, Unit #2, Menlo Park, claims and to be republished in the event of receipt of
CA 94025 (US). HUANG, Richard, J. [US/US]; 1068 amendments

West Hill Court, Cupertino, CA 95014 (US).

For two-letter codes and other abbreviations, refer to the "Guid-
(74) Agent: COLLOPY, Daniel, R.; One AMD Place, Mail ance Notes on Codes and Abbreviations" appearing at the begin-
Stop 68, P.O. Box 3453, Sunnyvale, CA 94088-3453 (US).  ning of each regular issue of the PCT Gazette.

(54) Title: METHOD FOR MANUFACTURING A SEMICONDUCTOR COMPONENT HAVING A BARRIER-LINED OPEN-
ING

64~ 62 G 70 62

6
U7 =
U——";

Vol N 1. 28
167 L /AN PV 18
14 24/‘ 22 10
12~

47082017 A1 IO 0N

& (57) Abstract: A semiconductor component (10) having a metallization system that includes a thin conformal multilayer barrier

& structure (60) and a method for manufacturing the semiconductor component (10). A layer of dielectric material (30, 34) is formed
over a lower level interconnect. A hardmask (36) is formed over the dielectric layer (30, 34) and an opening (50, 52, 54) is etched
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barrier (60) using atomic layer deposition. The multi-layer barrier lined opening is filled with an electrically conductive material
(66) which is planarized.
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METHOD FOR MANUFACTURING
A SEMICONDUCTOR COMPONENT
HAVING A BARRIER-LINED OPENING

FIELD OF THE INVENTION

The present invention relates, in general, to a metallization system suitable for use in a semiconductor
component and, more particularly, to a semiconductor component having a low resistance metallization system

and to a method for manufacturing the semiconductor component.
BACKGROUND OF THE INVENTION

Semiconductor component manufacturers are constantly striving to increase the speeds of their
components. Because a semiconductor component, such as a microprocessor, contains up to a billion transistors
or devices, the focus for increasing speed has been to decrease gate delays of the semiconductor devices that make
up the semiconductor component. As a result, the gate delays have been decreased to the point that speed is now
primarily limited by the propagation delay of the metallization system used to interconnect the semiconductor
devices with each other and with elements external to the semiconductor component. Metallization systems are
typically comprised of a plurality of interconnect layers vertically separated from each other by a dielectric
material and electrically coupled to each other by metal-filled vias or conductive plugs. Each layer contains metal
lines, metal-filled vias, or combinations thereof separated by an insulating material. A figure of merit describing
the delay of the metallization system is its Resistance-Capacitance (RC) delay. The RC delay can be derived from
the resistance of the metal layer and the associated capacitance within and between different layers of metal in the
metallization system. More particularly, the RC delay is given by:

RC = (p*&*1"/(t*taie)
where:

p is the resistivity of the metallic interconnect layer;

€ is the dielectric constant or permittivity of the dielectric material;

1is the length of the metallic interconnect;

t is the thickness of the metal; and

tox iS the thickness of the dielectric material.

The RC delay may be reduced by decreasing the resistivity and/or the capacitance of the metallization
system. Two commonly used techniques for decreasing these parameters are the single-damascene process and
the dual-damascene process. In the single-damascene process, trenches and/or vias are etched into a first dielectric
layer and subsequently filled with metal. A second dielectric layer is formed over the first dielectric layer and
trenches and/or vias are formed therein. The trenches and/or vias in the second dielectric layer are then filled with
metal, which contacts the metal in selected vias or trenches in the first dielectric layer. In the dual-damascene
process, two levels of trenches and/or vias are formed using one or multiple layers of dielectric material. The

trenches and/or vias are then filled with metal in a single step such that the metal in a portion of the vias contacts
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the metal in a portion of the trenches. After formation of the trenches and/or vias and before filling them with
metal, the trenches and/or vias are typically lined with an electrically conductive single layer barrier, which
prevents diffusion of copper through the sidewalls of the trenches and/or vias. The resistivity of the metallization
system is governed, in part, by the combination of the metal filling the trenches and/or vias and the single layer
barrier. Because the resistivity of copper is much lower than that of the bartier layer, one technique for lowering
the resistivity of the metallization system has been to make the single layer barrier as thin as possible using Plasma
Vapor Deposition (PVD). One drawback of this technique is that gaps in coverage by the single layer barrier
occur, which result in copper contacting the underlying material. The copper then diffuses into the underlying
material which degrades the reliability of the semiconductor components. In addition, the absence of the single
layer barrier over an underlying copper layer increases the probability of electromigration failures. Another
drawback of having gaps in the single layer barrier is that the deposited copper tends to adhere poorly to the
underlying layer exposed by the gaps, resulting in portions of the metallization system peeling from the
semiconductor component and causing it to fail. Yet another drawback is that because the single layer barrier is
typically non-uniform, voids or “keyholes” may arise in the metal filling the trenches and/or vias, thereby
increasing the resistance of the metallization system.

Accordingly, what is needed is a semiconductor component having a metallization system with a barrier

of uniform thickness and without gaps and a method for manufacturing the semiconductor component.

SUMMARY OF THE INVENTION

The present invention satisfies the foregoing need by providing a semiconductor component and a
method for manufacturing the semiconductor component having a multi-layer barrier structure. In accordance
with one aspect, the present invention includes providing a semiconductor substrate having a major surface and
an interconnect layer over the major surface. A dielectric material is formed over the interconnect layer and an
opening is formed in the dielectric material. A multi-layer barrier structure is formed in the opening using
atomic layer deposition to form a multi-layer barrier-lined opening. The multi-layer barrier-lined opening is
filled with an electrically conductive material.

In accordance with another aspect, the present invention comprises forming a damascene structure
over a lower metal level, where the damascene structure includes an insulating material having a major surface
and an opening extending into the insulating material. A multi-layer barrier is formed in the opening and an
electrically conductive material is formed over the multi-layer barrier.

In accordance with yet another aspect, the present invention comprises a method for reducing
electromigration in a semiconductor component. A damascene structure is provided over a lower electrically
conductive level, where the damascene structure includes a dielectric material having a major surface and an
opening extending into the dielectric material. The opening and a portion of the major surface of the first layer
of electrically conductive material are lined with a barrier material to form a barrier-lined opening. The first
layer of electrically conductive material is lined with a second layer of electrically conductive material such
that the first and second layers of electrically conductive material cooperate to form a multi-layer barrier film.

A metal is disposed over the multi-layer barrier film and fills the multi-layer barrier lined opening.
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In accordance with yet another aspéct, the present invention comprises a semiconductor component
having a damascene structure over a lower electrically conductive level, wherein the damascene structure
comprises a dielectric material having a major surface and an opening extending into the dielectric material. A
multi-layer barrier lines the opening and a portion of the major surface. An electrically conductive material is

disposed on the multi-layer barrier in the opening.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be better understood from a reading of the following detailed description,
taken in conjunction with the accompanying drawing figures, in which like reference numbers designate like
elements and in which:
FIGS. 1-4 are enlarged cross-sectional side views of a semiconductor component during manufacture

in accordance with an embodiment of the present invention,
DETAILED DESCRIPTION

Generally, the present invention provides a semiconductor component having a metallization system
with a thin conformal multi-layer barrier structure that reduces electromigration and allows for the formation of
copper (or other suitable metal) interconnects having an increased cross-sectional area and a lower resistance.

The metallization system may be manufactured using, for example, a damascene process, by forming a trench

-and/or via in a dielectric stack comprising an insulating layer having an anti-reflective coating layer disposed

thereon. The trench and/or via is lined with a multi-layer conformal barrier and then filled with an electrically
conductive material such as, for example, copper. In accordance with one aspect of the present invention, the
conformal multi-layer barrier comprises a protective layer conformally lining the trenches and/or vias and a
capping layer overlying the protective layer. The protective and capping layers are formed using an atomic
layer deposition technique in conjunction with a non-halide precursor or with an organometallic precursor.
The protective layer has a thickness ranging between approximately 5 Angstroms (A) and approximately 60 A
and the conformal capping layer has a thickness ranging from one monolayer to about 10 A. Preferably, the
capping layer ranges from about 1 A to about 5 A. The protective layer and the capping layer cooperate to
form the conformal multi-layer barrier. The electrically conductive material overlying the conformal multi-
layer barrier is planarized (or polished) to form filled trenches and/or vias, e.g., copper-filled trenches when the
electrically conductive material is copper. An advantage of forming a multi-layered barrier using atomic layer
deposition is that the multi-layered barrier is a thin conformal structure having a low resistance. Another
advantage of the present invention is that it reduces electromigration.

FIG. 1 is an enlarged cross-sectional side view of a semiconductor component 10 during an
intermediate stage of manufacture in accordance with an embodiment of the present invention. What is shown
in FIG. 1 is a portion of a semiconductor substrate 12 in which a semiconductor device 14 has been fabricated.
Semiconductor substrate 12 has a major surface 16. It should be understood that semiconductor device 14 has
been shown in block form and that the type of semiconductor device is not a limitation of the present invention.
Suitable semiconductor devices include active elements such as, for example, insulated gate field effect

transistors, complementary insulated gate field effect transistors, junction field effect transistors, bipolar
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junction transistors, diodes, and the like, Vas well as passive elements such as, for example, capacitors, resistors,
and inductors. Likewise, the material of semiconductor substrate 12 is not a limitation of the present invention.
Substrate 12 can be silicon, Silicon-On-Insulator (SOI), Silicon-On-Sapphire (SOS), silicon germanium,
germanium, an epitaxial layer of silicon formed on a silicon substrate, or the like. In addition, semiconductor
substrate 12 may be comprised of compound semiconductor materials such as gallium-arsenide, indium-
phosphide, or the like.

A dielectric material 18 having a major surface 20 is formed on semiconductor substrate 12 and an
electrically conductive portion 22 having a major surface 24 is formed in a portion of dielectric material 18.
By way of example, electrically conductive portion 22 is metal. Metal layer 22 may be referred to as Metal-1,
a lower electrically conductive level, a lower metal level, an underlying structure, or an underlying
interconnect structure. The combination of dielectric material 18 and electrically conductive portion 22 is
referred to as an interconnect layer. When electrically conductive portion 22 is metal, the interconnect layer is
also referred to as a metal interconnect layer or a conductive level. Techniques for forming semiconductor
devices such as device 14, dielectric material 18, and metal layer 22 are known to those skilled in the art.

An etch stop layer 28 having a thickness ranging between approximately 5 A and approximately 1,000
A is formed on major surfaces 20 and 24. By way of example, etch stop layer 28 has a thickness of 500 A.
Suitable materials for etch stop layer 28 include dielectric materials such as, for example, silicon oxynitride
(SiON), silicon nitride (SiN), silicon rich nitride (SiRN), silicon carbide (SiC), hydrogenated oxidized silicon
carbon material (SiCOH), or the like.

A layer of dielectric or insulating material 30 having a thickness ranging between approximately
1,000 A and approximately 20,000 A is formed on etch stop layer 28. Preferably, insulating layer 30 has a
thickness ranging between 4,000 A and 12,000 A. By way of example, insulating layer 30 has a thickness of
about 10,000 A and comprises a material having a dielectric constant (k) lower than that of silicon dioxide,
silicon nitride, or hydrogenated oxidized silicon carbon material (SiCOH). Although insulating layer 30 can be
silicon dioxide, silicon nitride or SiCOH, using materials for insulating layer 30 having a lower dielectric
constant than these materials lowers the capacitance of the metallization system and improves the performance
of semiconductor component 10. Suitable organic low « dielectric materials include, but are not limited to,
polyimide, spin-on polymers, poly(arylene ether) (PAE), parylene, xerogel, fluorinated aromatic ether
(FLARE), fluorinated polyimide (FPI), dense SiLK, porous SiLK (p-SiLK), polytetrafluoroethylene, and
benzocyclobutene (BCB). Suitable inorganic low « dielectric materials include, but are not limited to,
hydrogen silsesquioxane (HSQ), methyl silsesquioxane (MSQ), fluorinated glass, or NANOGLASS. It should
be understood that the type of dielectric material for insulating layer 30 is not a limitation of the present
invention and that other organic and inorganic dielectric materials may be used, especially dielectric materials
having a dielectric constant less than that of silicon dioxide. Similarly, the method for forming insulating layer
30 is not a limitation of the present invention. For example, insulating layer 30 may be formed using, among
other techniques, spin-on coating, spray-on coating, Chemical Vapor Deposition (CVD), Plasma Enhanced
Chemical Vapor Deposition (PECVD), or Physical Vapor Deposition (PVD).

An etch stop layer 32 having a thickness ranging between approximately 5 A and approximately 1,000
A is formed on insulating layer 30. By way of example, etch stop layer 32 has a thickness of 500 A. Suitable

materials for etch stop layer 32 include dielectric materials such as, for example, silicon oxynitride (SiON),
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silicon nitride (SiN), silicon rich nitride (SiRN), silicon carbide (SiC), hydrogenated oxidized silicon carbon
material (SiCOH), or the like. It should be noted that etch stop layer 32 is an optional layer. In other words,
etch stop layer 32 may be absent from semiconductor component 10.

A layer of dielectric material 34 having a thickness ranging from approximately 2,000 A to
approximately 20,000 A is formed on etch stop layer 32. Suitable materials and deposition techniques for
dielectric layer 34 are the same as those listed for insulating layer 30. Although the material of dielectric layer
34 may be the same as that of insulating layer 30, preferably the dielectric material is different. In addition, it
is preferable that the materials of dielectric layer 34 and insulating layer 30 have different etch rates, yet have
similar coefficients of thermal expansion and be capable of withstanding the stress levels brought about by
processing and use as a final product.

In accordance with one embodiment, the dielectric material of insulating layer 30 is p-SILK and the
material of dielectric layer 34 is silicon oxynitride (SiON). Other suitable materials for dielectric layer 34
include silicon carbide and Ensemble (Ensemble is an interlayer dielectric coating sold by The Dow Chemical
Co.). These materials can be applied using a spin-on coating technique and they have similar stress level
tolerances and processing temperature tolerances. Moreover, these materials can be selectively or
differentially etched with respect to each other. In other words, etchants are available that selectively etch the
p-SILK and silicon oxynitride, i.e., an etchant can be used to etch the p-SILK but not significantly etch the
silicon oxynitride and another etchant can be used to etch the silicon oxynitride but not significantly etch the p-
SILK.

In accordance with another embodiment, the dielectric material of insulating layer 30 is foamed
polyimide and the dielectric material of dielectric layer 34 is HSQ. Layers 30, 32, and 34 cooperate to form an
insulating structure. Although these embodiments illustrate the use of an organic and an inorganic dielectric
material in combination, this is not a limitation of the present invention. The dielectric materials of insulating
layer 30 and dielectric layer 34 can both be either organic materials or inorganic materials, or a combination
thereof.

Still referring to FIG. 1, a hardmask 36 having a thickness ranging between approximately
approximately 100 A and approximately 5,000 A is formed on dielectric layer 34. Preferably, hardmask 36
has a thickness ranging between approximately 500 A and approximately 1,000 A and comprises a single layer
of a dielectric material such as, for example, silicon oxynitride (SiON), silicon nitride (SiN), silicon rich nitride
(SiRN), silicon carbide (SiC), or hydrogenated oxidized silicon carbon material (SiCOH). It should be noted
that hardmask 36 is not limited to being a single layer system, but can also be a multi-layer system. Hardmask
36 should comprise a material having a different etch rate or selectivity and a different thickness than etch stop
layers 28 and 32. Because hardmask 36 lowers the reflection of light during the photolithographic steps used
in patterning a photoresist layer 42, it is also referred to as an Anti-Reflective Coating (ARC) layer.

Layer of photoresist 42 is formed on hardmask 36 and patterned to form openings 44 and 46 using
techniques known to those skilled in the art.

Referring now to FIG. 2, the portions of hardmask 36 and dielectric layer 34 that are not protected by
patterned photoresist layer 42, i.e., the portions exposed by openings 44 and 46, are etched using an
anisotropic reactive ion etch to form openings 50 and 52 having sidewalls 55 and 56, respectively. The

anisotropic etch stops or terminates in or on etch stop layer 32. In other words, the portions of hardmask 36
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‘and dielectric layer 34 underlying or exposed by openings 44 and 46 are removed using the anisotropic

reactive jon etch, thereby exposing portions of etch stop layer 32. Photoresist layer 42 is removed using
techniques known to those skilled in the art.

Another layer of photoresist (not shown) is formed on the remaining portions of hardmask 36 and fills
openings 50 and 52. The photoresist layer is patterned to form an opening (not shown) that exposes a portion
of etch stop layer 32 underlying photoresist-filled opening 52. The exposed portion of etch stop layer 32 and
the portion of insulating layer 30 underlying the exposed portion of etch stop layer 32 are etched using a
reactive ion etch to form an inner opening 54 having sidewalls 57 that exposes a portion of etch stop layer 28.
Thus, the reactive ion etch stops on etch stop layer 28, thereby exposing portions of etch stop layer 28. The
photoresist layer is removed.

The exposed portions of etch stop layers 28 and 32 are etched using a reactive ion etch to expose
portions of insulating layer 30 and metal layer 22. Preferably, the photoresist layer is removed prior to
exposing insulating layer 30 because low « dielectric materials that may comprise insulating layer 30 are
sensitive to photoresist removal processes and may be damaged by them.

Opening 50 in combination with layers 30, 32, 34, and 36 form a single damascence structure,
whereas openings 52 and 54 in combination with layers 28, 30, 32, 34, and 36 form a dual damascene
structure. When an opening such as opening 50 will be used to electrically couple vertically spaced apart
interconnect layers it is typically referred to as a via or an interconnect via, whereas when an opening such as
opening 52 will be used to horizontally route electrically conductive lines or interconnects it is typically
referred to as a trench or an interconnect trench.

Referring now to FIG. 3, a barrier 60 having a thickness fanging between approximately 5 A and
approximately 65 A is formed on hardmask 36 and in openings 50, 52, and 54 (shown in FIG. 2). Barrier 60 is
a multilayer structure comprising a conformal protective layer 62 and a conformal capping layer 64. In other
words, protective layer 62 cooperates with capping layer 64 to form barrier 60. Protective layer 62 serves to
prevent corrosion of conductive layers such as, for example, layer 22, whereas capping layer 64 serves to
retard electromigration. Thus, protective layer 62 is also referred to as a corrosion inhibition or retardation
layer and capping layer 64 is also referred to as an electromigration resistant or retardation layer.

Protective layer 62 is formed by conformally depositing an electrically conductive material using a
non-halide based precursor in an Atomic Layer Deposition (ALD) process. By way of example, the material of
protective layer 62 is metal nitride. Suitable metal nitride materials for protective layer 62 include tantalum
nitride, tungsten nitride, and titanium nitride. Alternatively, protective layer 62 may be formed using a metal
nitride that is doped with carbon or silicon. For example, protective layer 62 can be silicon doped tantalum
nitride (TaSiN), carbon doped tantalum nitride (TaCN), silicon doped tungsten nitride (WSiN), carbon doped
tungsten nitride (WCN), silicon doped titanium nitride (TiSiN), carbon doped titanium nitride (TiCN), or the
like. An advantage of using atomic layer deposition is that it is capable of producing a highly densified thin,
conformal layer or film using a non-halide based precursor such as, for example, an organometallic precursor.
Examples of suitable organometallic precursors include, among others, pentakis(diethylamido)tantalum
(PDEAT), t-butylimino tris(diethylamino)tantalum (TBTDET), ethylimino tris(diethylamino)tantalum
(EITDET-c), pentakis(ethylmethylamido)tantalum (PEMAT), tridimethylamine titanate (TDMAT),
tetrakis(diethlyamino)titanium (TDEAT), (trimethylvinylsilyl)hexafluoroacetylacetonato copper I, or tungsten
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hexacarbon-monoxide (W(CO)s). The non-halide based precursors do not form by-products such as tantalum
pentachloride or tantalum pentafluoride that corrode metals such as copper. Moreover, the conformal layers
formed using these precursors are sufficiently dense that they need only be a few angstroms thick, e.g., 3 A to
10 A, to cover or protect any underlying metal layers. Because the protective layer can be so thin, interconnect
layers comprising a barrier layer and a bulk electrically conductive material, e.g., copper, that are made in
accordance with the present invention have a very low resistance. Preferably, protective layer 62 has a
thickness ranging between approximately 5 A and approximately 60 A.

Capping layer 64 is formed by conformally depositing an electrically conductive material using an
ALD process. Suitable materials for capping layer 64 include tantalum, tungsten, titanium, refractory metals,
or the like. By way of example, capping layer 64 is a tantalum film formed using the ALD process with a
reducing agent, where the tantalum is derived from either tantalum pentachloride (TaCls) or tantalum
pentafluoride (TaFs) and the reducing agent is either a hydrogen (H,) plasma or an ammonia (NHj) plasma.
Capping layer 64 has a thickness ranging between approximately 1 A and approximately 10 A. Capping layer
64 provides a highly reliable interface with a subsequently deposited metal film such as, for example, copper,
and improves electromigration resistance.

A film or layer 66 of an electrically conductive material is formed on capping layer 64 and fills
openings 50, 52, and 54, thereby forming a metal-filled barrier-lined opening. By way of example layer 66 is
copper which is plated on capping layer 64. Techniques for plating copper on a capping layer are known to
those skilled in the art. Alternatively, layer 66 may be aluminum or silver.

Referring now to FIG. 4, copper film 66 is planarized using, for example, a Chemical Mechanical
Polishing (CMP) technique having a high selectivity to hardmask 36. Thus, the planarization stops on
hardmask 36. After planarization, portion 68 of copper film 66 remains in opening 50 and portion 70 of
copper film 66 remains in openings 52 and 54, which openings are shown in FIG. 2. As those skilled in the art
are aware, Chemical Mechanical Polishing is also referred to as Chemical Mechanical Planarization. The
method for planarizing copper film 66 is not a limitation of the present invention. Other suitable planarization
techniques include electropolishing, electrochemical polishing, chemical polishing, and chemical enhanced
planarization.

Optionally, a passivation or protective layer (not shown) may be formed over portions 68 and 70 and
over hardmask 36.

By now it should be appreciated that a semiconductor component having a metallization system
comprising a conformal multi-layer barrier structure between an underlying structure and an electrically
conductive material has been provided. The conformal multi-layer barrier structure is comprised of a capping
layer disposed on a protective layer. The protective and capping layers of the multi-layer barrier structure are
formed using atomic layer deposition, which allows formation of thin conformal layers. Further, the protective
layer is formed using a precursor that does not produce by-products that may corrode metals such as copper.
The atomic layer deposition process forms thin conformal layers that do not leave gaps or underlying material
unprotected. Thus, the protective layer prevents metal contamination of any underlying layers. This is
particularly important in the formation of copper interconnects. In addition, the formation of a continuous
protective layer ensures strong bonding or adhesion of, for example, copper to the semiconductor component.

The capping layer retards or reduces electromigration in the semiconductor component. The capping layer can
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be formed using halide based precursors because the protective layer prevents the by-products from corroding
or pitting any material underlying the protective layer. Because the multi-layer barrier structure is thin, i.e.,
less than about 65 A, most of the interconnect is comprised of an electrically conductive material such as
copper, which has a low resistivity and is a very good thermal conductor. The method is suitable for
integration with semiconductor processing techniques such as single and dual damascene processes. Another
advantage of a metallization system manufactured in accordance with the present invention is that it is cost
effective to implement in semiconductor component manufacturing processes.

Although certain preferred embodiments and methods have been disclosed herein, it will be apparent
from the foregoing disclosure to those skilled in the art that variations and modifications of such embodiments
and methods may be made without departing from the spirit and scope of the invention. It is intended that the
invention shall be limited only to the extent required by the appended claims and the rules and principles of

applicable law.
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WHAT IS CLAIMED IS:
1. A method for manufacturing a semiconductor component (10), comprising:

providing a semiconductor substrate (12) having a major surface (16);

providing an interconnect layer over the major surface (16);

forming a dielectric material (30, 34) over the interconnect layer;

forming an opening (50, 52, 54) in the dielectric material (30, 34), the opening having sidewalls (55,
56, 57);

forming a multi-layer barrier (60) in the opening (50, 52, 54) to form a barrier-lined opening, the
multi-layer barrier (60) comprising first (62) and second (64) layers of electrically conductive material, the
second layer (64) of electrically conductive material disposed on the first layer (62) of electrically conductive
material; and

filling the barrier-lined opening with an electrically conductive material (66).

2. The method of claim 1, wherein forming the multi-layer barrier (60) comprises forming the first layer
(62) of electrically conductive material in the opening using atomic layer deposition, the first layer (62) of
electrically conductive material having a thickness ranging between approximately 5 A and approximately 60

o

A.

3. The method of claim 2, wherein forming the first layer (62) of electrically conductive material
includes using an organometallic precursor selected from the group of precursors consisting of
pentakis(diethylamido)tantalum (PDEAT), t-butyliminotris(diethylamino)tantalum (TBTDET), ethylimino
tris(diethylamino) tantalum (EITDET-c), pentakis(ethylmethylamido)tantalum (PEMAT), tridimethlyamine
titanate (TDMAT), tetrakis(diethylamino)titanium (TDEAT), (trimethylvinylsilyl)hexafluoroacetylacetonato

copper I, and tungsten hexacarbon monoxide (W(CO)).

4. The method of claim 2, wherein forming the multi-layer barrier (60) further comprises forming the
second layer (64) of electrically conductive material on the first layer (62) of electrically conductive material

using atomic layer deposition.

5. The method of claim 4, wherein forming the second layer (64) of electrically conductive material

includes deriving the tantalum from one of tantalum pentachloride (TaCls) or tantalum pentafluoride (TaFs).

6. A method for reducing electromigration in a semiconductor component (10), comprising:

providing a damascene structure over a lower electrically conductive level, the damascene structure
comprising a dielectric material (30, 34) having a major surface and an opening (50, 52, 54) extending into the
dielectric material (30, 34);

lining the opening (50, 52, 54) and a portion of the major surface with a first layer (62) of electrically

conductive material to form a barrier-lined opening;
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lining the first layer (62) of elecirically conductive material with a second layer (64) of electrically
conductive material, the first (62) and second (64) layers of electrically conductive material cooperating to
form a muiti-layer barrier film (60); and

disposing a metal (66) over the multi-layer barrier film (60).

7. The method of claim 6, wherein lining the opening (50, 52, 54) and the portion of the major surface

includes forming the first layer (62) of electrically conductive material using atomic layer deposition.

8. The method of claim 7, wherein forming the first layer (62) of electrically conductive material
includes using an organometallic precursor selected from the group of precursors consisting of
pentakis(diethylamido)tantalum (PDEAT), t-butyliminotris(diethylamino)tantalum (TBTDET),
ethylimino tris(diethylamino) tantalum (EITDET-c), pentakis(ethylmethylamido)tantalum (PEMAT),
tridimethlyamine titanate (TDMAT), tetrakis(diethylamino)titanium (TDEAT,
(trimethylvinylsilyl)hexafluoroacetylacetonato copper I, and tungsten hexacarbon monoxide

(W(CO)e)-

9. A semiconductor component (10), comprising:

a damascene structure over a lower electrically conductive level, the damascene structure comprising
a dielectric material (30, 34) having a major surface and an opening (50, 52, 54) extending into the dielectric
material (30, 34);

a multi-layer barrier (60) lining the opening (50, 52, 54) and a portion of the major surface, the multi-
layer barrier (60) comprising first (62) and second (64) layers of electrically conductive material, the second
layer (64) of electrically conductive material disposed on the first layer (62) of electrically conductive material;
and

an electrically conductive material (66) disposed on the multi-layer barrier (60) in the opening (50,

52, 54).

10. The semiconductor component of claim 9, wherein the multi-layer barrier (60) comprises:

a first layer (62) of electrically conductive material lining the opening (50, 52, 54) and the portion of
the major surface, the first layer (62) of electrically conductive material comprising a metal nitride; and

a second layer (64) of electrically conductive material disposed on the first layer (62) of electrically
conductive material, the second layer (64) of electrically conductive material comprising a refractory metal,
and wherein the multi-layer barrier (60) has a thickness ranging between approximately 5 A and approximately
65 A.
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