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(57) Abstract: A microelectronic topography includes a dielectric layer (DL) with a surface higher than an adjacent bulk metal
feature (BMF) and further includes a barrier layer (BL) upon the BMF and extending higher than the DL.. Another microelectronic
topography includes a BL. with a metal-oxide layer having a metal element concentration which is disproportionate relative to con-
centrations of the element within metal alloy layers on either side of the metal-oxide layer. A method includes forming a BL. upon
a BMF such that portions of a first DL adjacent to the BMF are exposed, selectively depositing a second DL upon the BL, cleaning
the topography thereafter, and blanket depositing a third DL upon the cleaned topography. Another method includes polishing a
microelectronic topography such that a metallization layer is coplanar with a DL and further includes spraying a deionized water
based fluid upon the polished topography to remove debris from the DL.
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TITLE: BARRIER LAYER CONFIGURATIONS AND METHODS FOR PROCESSING
MICROELECTRONIC TOPOGRAPHIES HAVING BARRIER LAYERS

PRIORITY APPLICATION
The present application claims priority to provisional application no. 60/599,975 entitled “Methods and

Systems for Processing a Microelectronic Topography” filed August 9, 2004.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to methods and configurations of microelectronic topography
fabrications and, more particularly, to methods and configurations of microelectronic topography fabrications

having a barrier layer formed therein.

2. Description of the Related Art

The following descriptions and examples are not admitted to be prior art by virtue of their inclusion
within this section.

In some microelectronic devices, a metallization structure may include, in addition to a bulk metal
feature, one or more barrier layers arranged above, below, and/or along the sides of the bulk metal feature to
prevent elements within the bulk metal feature from diffusing to underlying and/or overlying layers of the
topography. Although conventional barrier layers are generally sufficient to inhibit most elemental diffusion
from a bulk metal feature, some diffusion may still occur. For example, copper atoms are particularly notorious
for being able to migrate through barrier layers. The migrated copper atoms can potentially be exposed to
oxidation or moisture at the surface of the barrier layer or may tunnel through silicon materials disposed adjacent
to the barrier layer, affecting the reliability of the device and, in some cases, causing the device to malfunction.
A further deficiency of conventional barrier layers is that an agglomeration of vacancies at weak interfaces
between the bulk metal feature and the barrier layers may be induced by stresses within the barrier layers. In
particular, barrier layers formed having compressive stress may undesirably cause hillocks to form within the
barrier layer structure, causing nonplanarity within the upper surface of the barrier layer. Alternatively, barrier
layers formed having tensile stress may potentially result in delamination of the barrier layer from the bulk metal
feature.

The addition of barrier layers may also complicate the fabrication of a device, incurring increased
process steps, processing time, and costs. For instance, additional steps, such as cleaning contamination from
the topography, may be needed prior to or subsequent to the fabrication of a barrier layer to inhibit undesirable
effects to the functionality of the device. In particular, a barrier layer may become oxidized in between
processes subsequent to deposition in some embodiments. Removal of such oxidation to prevent an increase in
resistivity of the metallization structure, however, may cause the surface of the barrier layer to be etched,
removing particles of the barrier layer. In some cases, the particles of the barrier layer may be cause further
debris by depositing on to the interlevel dielectric surface adjacent to the metallization structure. In addition or
alternatively, small fragments of the bulk metal layer may be formed upon an adjacent dielectric layer, such as in

embodiments in which the bulk metal feature is polished to be confined within sidewalls of the dielectric layer.
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In any case, the residual particles may be sealed with the deposition of an overlying interlevel dielectric, possibly
incurring leakage current at a higher voltage potential.

The problem of the small metal fragments on the dielectric layer adjacent to the bulk metal feature may
be further compounded when electroless deposition techniques are used to selectively deposit a barrier layer on
the bulk metal feature. Electroless deposition (also referred to herein as “electroless plating”) is a process for
depositing materials on a catalytic surface from an electrolyte solution without an external source of current. An
advantage of an electroless plating process is that it can be selective, i.e., the material can be deposited only onto
areas that demonstrate appropriate chemical properties. In particular, local deposition can be performed onto
metals that exhibit an affinity to the material being deposited or onto areas pretreated or pre-activated, e.g., with
a catalyst. Any residual fragments on surfaces of an adjacent dielectric layer may be catalytic to the electroless
deposition of the barrier layer or may attract a catalytic seed layer used to electrolessly deposit the barrier layer.
In either case, portions of the barrier layer may be undesirably deposited upon the adjacent dielectric structure,
potentially causing a short within the circuit.

Some methods for removing metal residue upon a dielectric surface may include etching the dielectric
with hydrofluoric acid and/or a brush scrub. Such methods, however, have a tendency to damage the metal
layers on the topography. In addition, hydrofluoric acid cleaning is generally only constructive for cleaning
silicon-oxide based interlevel dielectrics which do not have a low dielectric constant (k). In particular, low-k
dielectric materials (referred to herein as dielectric materials having a dielectric constant less than approximately
3.5) are generally porous and, therefore, may undesirably retain hydrofluoric acid during a cleaning process,
which may in turn cause the dielectric layer to deteriorate in time. In addition, carbon-based low-k dielectric
materials are generally resistant to cleaning by hydrofluoric acid. Consequently, as the use of low-k dielectric
materials become more prevalent within microelectronic topographies, such cleaning techniques may be
insufficient.

It would, therefore, be desirable to develop methods for removing metallic particles from dielectric
surfaces while avoiding the aforementioned problems. In addition, it would be beneficial to inhibit the formation
of metallic debris during the fabrication of a metallization structure. Furthermore, it would be advantageous to
develop barrier layer configurations which inhibit a greater degree of elemental diffusion from overlying and/or
underlying metal features than provided by conventional barrier layers. Moreover, it would be desirable to

develop a barrier layer configuration which is less susceptible to hillock formation or delamination.

SUMMARY OF THE INVENTION

The problems outlined above may be in large part addressed by improved configurations of barrier

layers and methods for processing microelectronic topographies having barrier layers. The following are mere
exemplary embodiments of the methods and microelectronic topographies and are not to be construed in any way
to limit the subject matter of the claims.

An embodiment of one of the microelectronic topographies includes a dielectric layer arranged adjacent
to opposing sidewalls of a bulk metal feature. The dielectric layer comprises an upper surface at an elevation

higher than an upper surface of the bulk metal feature. The microelectronic topography further includes a
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diffusion barrier layer formed upon and in contact with the upper surface of the bulk metal feature extending to
an elevation higher than the upper surface of the dielectric layer.

An embodiment of another of the microelectronic topographies includes a barrier layer formed in
contact with a bulk metal feature which includes a first metal element. The barrier layer includes a plurality of
metal alloy layers each having a metal constituent majority different than the bulk metal feature. In addition, the
barrier layer includes a metal-oxide compound layer interposed between two of the plurality of metal alloy
layers, which has a disproportionate concentration of the first metal element relative to concentratior;s of the first
metal element within the plurality of metal alloy layers.

An embodiment of one of the methods includes forming a diffusion barrier layer upon and in countact
with a bulk metal feature such that portions of a first dielectric layer arranged adjacent to the bulk metal feature
are exposed. The method further includes selectively depositing a second dielectric layer upon and in-contact
with the diffusion barrier layer and cleaning the microelectronic topography thereafter. Moreover, the method
includes blanket depositing a third dielectric layer upon the cleaned microelectronic topography.

An embodiment of another of the methods includes polishing the microelectronic topography such that
a metallization layer is substantially coplanar with an adjacent dielectric layer and spraying a deionized water
based solution upon the polished microelectronic topography to remove organic debris from the upper surface of
the adjacent dielectric layer. The spraying process is conducted at a pressure greater than approximately 10 psi,
at a temperature between approximately 75° C and approximately 95° C, and at an angle between approximately

10° and approximately 80° relative to the polished surface of the microelectronic topography.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading the following detailed
description and upon reference to the accompanying drawings in which:

Fig. 1 depicts a partial cross-sectional view of a microelectronic topograply having a bulk metal feature
substantially coplanar with an adjacent dielectric layer;

Fig. 2 depicts a partial cross-sectional view of the microelectronic topography in which a cleaning
process is used to remove the debris shown upon the dielectric layer in Fig. 1;

Fig. 3 depicts a partial cross-sectional view of the microelectronic topography in which a barrier layer is
formed upon the bulk metal feature subsequent to the cleaning process shown in Fig. 2;

Fig. 4 depicts a partial cross-sectional view of the microelectronic topography in which a cleaning
process is used to remove debris formed from the barrier layer formation shown in Fig. 3;

Fig. 5 depicts a partial cross-sectional view of the microelectronic topography in which a protective
layer is formed upon the barrier layer subsequent to the removal of debris in Fig. 4;

Fig. 6 depicts a partial cross-sectional view of the microelectronic topography in which a cleaning
process is used to remove debris formed from the protective layer deposition shown in Fig. 5;

Fig. 7 depicts a partial cross-sectional view of the microelectronic topography in which a dielectric

layer is blanket deposited upon topography subsequent to the removal of debris in Fig. 6;
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Fig. 8 depicts a partial cross-sectional view of the microelectronic topography in which a trench is
etched through the dielectric layer blanket deposited layer in Fig. 7 down to the protective layer disposed above
the barrier layer;

Fig. 9 depicts a partial cross-sectional view of the microelectronic topography in which the trench is
further extended through the protective layer subsequent to the trench formation in Fig. §;

Fig. 10 depicts a partial cross-sectional view of the microelectronic topography in which a protective
layer is formed upon the dielectric layer of the topography illustrated in Fig. 1;

Fig. 11 depicts a partial cross-sectional view of the microelectronic topography in which a barrier layer
is formed upon the bulk metal feature subsequent to the formation of the protective layer in Fig. 10;

Fig. 12 depicts a partial cross-sectional view of the microelectronic topography in which a protective
layer is formed upon the barrier layer subsequent to its formation in Fig. 11;

Fig. 13 depicts a partial cross-sectional view of the microelectronic topography in which the protective
layer formed upon the dielectric layer is removed subsequent to the formation of the protective layer over the
barrier layer in Fig. 12;

Fig. 14 depicts a partial cross-sectional view of the microelectronic topography in which the protective
layer formed upon the barrier layer is removed subsequent to the removal of the protective layer in Fig. 13;

Fig. 15 depicts a partial cross-sectional view of a microelectronic topography in which a bulk metal
feature is recessed below an upper surface of an adjacent dielectric layer;

Fig. 16 depicts a partial cross-sectional view of the microelectronic topography in which a barrier layer
is formed upon the bulk metal feature of the topography illustrated in Fig. 15;

Fig. 17 depicts a partial cross-sectional view of a microelectronic topography having a metallization
structure with a barrier layer; and

Fig. 18 depicts a magnified view of a composition of at least one element within the barrier layer.

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and will herein be described in detail. It should be
understood, however, that the drawings and detailed description thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the intention is to cover all modifications, equivalents and

alternatives falling within the spirit and scope of the present invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning to the drawings, exemplary methods for processing a microelectronic topography prior to
and/or subsequent to the formation of a barrier layer upon a bulk metal feature are provided in Figs. 1-16. In
addition, exemplary configurations of barrier layers are provided in Figs. 16-18. Fig. 1 illustrates a partial cross-
sectional view of microelectronic topography 30 having metallization structure 36 disposed above lower layer 32
and interposed within dielectric layer 34. In some embodiments, metallization structure 36 may include bulk
metal feature 40 and liner layer 38 lining the surfaces of bulk metal feature as shown in Fig. 1. In such cases,
liner layer 38 may be configured to reduce the diffusion of elements from bulk metal feature 40 to lower layer 32
and dielectric layer 34, reducing electromigration within an ensuing device. As such, liner layer 3§ may

generally be referred to as a barrier layer, but such a reference does not necessarily infer the exclusivity of
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diffusion barrier properties. In particular, liner layer 38 may additionally or alternatively serve as adhesion
layers and/or thermal expansion buffers. An exemplary range of thickness for liner layer 38 may be between
approximately 20 angstroms and approximately 100 angstroms, but smaller or larger thicknesses may be
employed. In general, liner layer 38 may include any material composition that is configured for blocking the
diffusion of elements. Some exemplary compositions that may be used for liner layer 38 are described in more
detail below in reference to Fig. 3 with regard to the formation of cap layer 46. Another exemplary elemental
composition for liner layer 38 is also described in reference to Figs. 17 and 18. In yet other embodiments, liner
layer 38 may be omitted from metallization structure 36.

In general, the term “microelectronic topography” may refer to a substrate resulting from or used for the
fabrication of a microelectronic device or circuit, such as an integrated circuit, for example. As such,
metallization structure 36 may be any metal feature known for the fabrication of a microelectronic device. For
example, metallization structure 36 may, in some embodiments, serve as a contact structure to underlying
portions of a semiconductor layer. In such cases, lower layer 32 may include a semiconductor material, such as
silicon and may, in some embodiments, be doped either n-type or p-type. More specifically, lower layer 32 may
be a monocrystalline silicon substrate or an epitaxial silicon layer grown on a monocrystalline silicon substrate.
In addition or alternatively, lower layer 32 may include a silicon on insulator (SOI) layer, which may be formed
upon a silicon wafer. In other cases, lower layer 32 may include metallization and/or an interlevel dielectric
layer. In such embodiments, metallization structure 36 may serve as a via, an interconnect, or any other
metallization feature providing an electrical path to portions of microelectronic topography 30.

In any case, bulk metal feature 40 may include one or more layers of conductive materials, including
but not limited to copper, aluminum, tungsten, titaniuny, silver, or any alloy of such metals. As used herein, the
term, “bulk metal feature” may generally refer to a structure include a majority concentration of a metallic
elements and, in some cases, consisting essentially of metallic elements. In some cases, bulk metal feature 40
may include a bulk concentration of a single metallic element. For example, in some embodiments, the methods
and structures described herein may be particularly applicable to microelectronic topographies including a bulk
metal feature having a majority concentration of copper and, in some cases, consisting essentially of copper. In
particular, copper has a relatively low resistivity and, therefore, is often favorable to use for metallization
structures in microelectronic devices. In some embodiments, bulk metal feature 40 may be fabricated by
electroless plating techniques. In other embodiments, bulk metal feature 40 may be formed by other deposition
techniques, such as but not limited to sputtering or evaporation. In either case, bulk metal feature 40 may, in
some embodiments, be formed within a trench formed within dielectric layer 34. Such a fabrication sequence
may be particularly advantageous for the incorporation of liner layer 38 within microelectronic topography 30.
In other embodiments, dielectric layer 34 may be formed subsequent to and about bulk metal feature 40.

Dielectric layer 34 may include one or more of various dielectric materials used in microelectronic
fabrication. For example, dielectric layer 34 may include silicon dioxide (SiO,), silicon nitride (SicNy), silicon
dioxide/silicon nitride/silicon dioxide (ONO), silicon carbide, carbon-doped SiQ,, or carbonated polymers. In
some cases, dielectric layer 34 may be undoped. Alternatively, dielectric layer 34 may be doped to form, for
example, low doped borophosphorus silicate glass (BPSG), low doped phosphorus silicate glass (PSG), or

fluorinated silicate glass (FSG). In some embodiments, dielectric layer 34 may be formed from a low-
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permittivity (“low-k™) dielectric, generally known in the art as a dielectric having a dielectric constant of less
than about 3.5. One low-k dielectric in current use, which is believed to make a conformal film, is fluorine-
doped silicon dioxide. Other low-k dielectric materials, which may be used for dielectric Iayer 34, may include
carbon-based low-k dielectric materials. In any case, dielectric layer 34 may have a thickness between
approximately 2,000 angstroms and approximately 10,000 angstroms. Larger or smaller thicknesses of dielectric
layer 34, however, may be appropriate depending on the microelectronic device being formed.

As shown in Fig. 1, microelectronic topography 30 may, in some embodiments, include metallic residue
42 arranged upon dielectric layer 34. Such a residue may, in some cases, be the result of polishing
microelectronic topography 30, either by chemical-mechanical polishing (CMP) techniques or fixed abrasive
techniques, such that metallization structure 36 is substantially coplanar with dielectric layer 34. In particular, a
polishing process of microelectronic topography 30 may remove upper surface portions of bulk metal feature 40
and/or liner layer 38 and dump resuiting particles upon dielectric layer 38. Although not shown to simplify the
drawing of Fig. 1, non-metallic debris may additionally be formed upon microelectronic topography 30 from
such a polishing process. The other debris may include but is not limited to particulates from dielectric layer 34,
particulates from the shury or polishing pad of the polishing process, or any other byproduct organic matter from
the polishing process.

As noted above, the presence of such metallic particulate over dielectric materials may hinder the
selective deposition of a barrier layer upon adjacent metallization structures when the barrier layer is formed by
electroless plating techniques. In particular, portions of an ensuing barrier layer may be undesirably deposited
upon the dielectric layer, potentially causing a short within the device. As such, it may be advantageous to
remove metallic residue 42 in some embodiments. Another motive for removing metallic residue 42 as well as
any other debris on microelectronic topography 30 may be to form a clean surface upon which to form additional
layers. Such a rationalization may apply for embodiments in which a subsequent barrier layer is deposited using
any type of deposition technique, including but not limited to electroless plating.

An exemplary process for removing metallic residue 42 from microelectronic topography 30 is shown
in Fig, 2. In particular, Fig. 2 illustrates the use of high-pressure, high-temperature deionized water based spray
44 to remove metallic residue 42 as well as other debris formed upon microelectronic topography 30. In general,
the pressure of high-pressure, high temperature deionized water based spray 44 may be applied at a pressure
greater than approximately 10 psi, and in some embodiments, between approximately 10 psi and approximately
25 psi. Higher pressures may be advantageous for applying the spray at a sufficient force to dislodge the
metallic particulate, but lower pressures may be needed to avoid disfiguring the surface topology of the materials
at the upper surface of microelectronic topography 30. In any case, high-pressure, high temperature deionized
water based spray 44 may be additionally applied at a temperature between approximately 75° C and
approximately 95° C, and in some embodiments, more specifically between approximately 87° C and
approximately 92° C. The selected temperature may be based upon characteristics of the exposed materials of
microelectronic topography 30 not to alter the surface topology of such materials.

Moreover, high-pressure, high temperature deionized water based spray 44 may be applied at an angle
between approximately 10° and approximately 80° relative to the surface of microelectronic topography 30, and

in some embodiments, between approximately 10° and approximately 50°. Such an angled spray may
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advantageously increase the amount of metallic particulate removed during the cleaning process as compared to
conventional applications in which a cleaning fluid is applied at an angle 90° relative to the surface of the
microelectronic topography. In some embodiments, the spray may be varied among a plurality of different
angles during a cleaning process. In such cases, the spray bar used for the cleaning process may be
programmably configured to change the angle at which the cleaning fluid is dispensed relative to the upper
surface of the microelectronic topography. Alternatively, the spray may be applied at a fixed angle during the
cleaning process. In either case, the spray may be intermittent, pulsed or continuous during the cleaning process.

In some embodiments, the deionized water based solution may include a phosphoric acid adsorbent,
such as but not limited to tungsten phosphoric acid or nickel phosphoric acid. Such an additive may
advantageously instigate a reaction with metallic residue 42, reducing the residue to smaller sized matter that
may be more easily removed from the surface of dielectric layer 34. In general, the concentration of the
phosphoric acid adsorbent within the deionized water based solution may be sufficient to facilitate a reaction
with metallic residue 44 but low enough to prevent degradation of dielectric layer 34. An exemplary
concentration range of the phosphoric acid adsorbent within the deionized water based solution may be between
approximately 100 ppm and approximately 500 ppm, but smaller or larger concentrations may be used,
depending on the material compositions of dielectric layer 34 and metallization structure 36.

It is noted that the method described herein is not necessarily restricted to the use of high-pressure, high
temperature deionized water based spray 44 for the removal of metallic reside 42 from microelectronic
topography 30. In particular, other cleaning processes may be used. For example, metallic residue 42 may be
removed with a low-pressure, low temperature dispensing of hydrofluoric acid and/or a brush scrub, As noted
above, however, such methods have a tendency to damage metal layers on the topography. In addition,
hydrofluoric acid cleaning is generally only constructive for cleaning silicon-oxide based interlevel dielectrics
that do not have a low dielectric constant (k). In particular, low-k dielectric materials are generally porous and,
therefore, may undesirably retain hydrofluoric acid during a cleaning process, which may in turn cause the
dielectric layer to deteriorate in time. In addition, carbon-based low-k dielectric materials are generally resistant
to cleaning by hydrofluoric acid. As such, when dielectric layer 34 includes a low-k dielectric material, it may
be advantageous to employ high-pressure, high temperature deionized water based spray 44 for the removal of
metallic reside 42 from microelectronic topography 30, regardless of the manner in which a subsequent barrier
layer is formed. In yet other embodiments, metallic residue 44 may be removed prior to the deposition of an
overlying layer and, as such, the process described in reference to Fig. 2 may be omitted from the fabrication
sequence in some cases. An exemplary sequence of steps, which does not remove metallic residue from an
upper surface of a dielectric layer prior to deposition of an overlying layer, is shown in Figs. 10-14 and
described in more detail below.

Turning to Fig. 3, cap layer 46 may be formed upon metallization structure 36, becoming an additional
component of the structure. In general, cap layer 46 may be formed by any technique known in the
microelectronic fabrication industry. In particular, cap layer 46 may, in some embodiments, be fornied by
blanking depositing a diffusion barrier material upon microelectronic topography 30 and patterning the blanket
deposition of material by lithography techniques known in the microelectronic fabrication industry to form cap

layer 46 directly over metallization structure 36. Alternatively, cap layer 46 may be selectively deposited upon
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metallization structure 36 using, for example, electroless plating techniques. In such cases, since metallic
residue 42 was removed from dielectric layer 34 prior to the formation of cap layer 46, fragments of the barrier
layer material may not be deposited upon the dielectric layer, averting the formation of shorts within the circuit.
In general, the formation of cap layer 46 by electroless deposition techniques may follow any sequence of steps
and include any collections of solutions known to those in the microelectronic industry for such an application.

Similar to liner layer 38, cap layer 46 may be configured to reduce the diffusion of elements from bulk
metal feature 40, particularly to any layers formed above bulk metal feature 40. As a consequence,
electromigration within an ensuing device may be reduced. In addition, cap layer 46 may be configured to
prevent oxidation of metallization structure 36. As with liner layer 38, cap layer 46 may generally be referred to
as a barrier layer, but such a reference does not necessarily infer the exclusivity of diffusion barrier properties.
In particular, caﬁ layer 46 may additionally or alternatively serve as adhesion layers and/or thermal expansion
buffers. Since liner layer 38 and cap layer 46 may be configured to reduce the diffusion of elements from bulk
metal feature 40, the selection and arrangement of the elements included within liner layer 38 and cap layer 46
may, in some embodiments, depend on the elements included in bulk metal feature 40. For example, in
embodiments in which bulk metal feature 40 includes copper, the inclusion of cobalt within liner layer 38 and
cap layer 46 may be particularly beneficial since copper has relatively low solubility with cobalt. Other
materials that may be additionally or alternatively included within liner layer 38 and cap layer 46 may include
phosphorus, boron, tungsten, chromium, molybdenum, nickel, palladium, rhodium, ruthenium, hydrogen, and
oxygen.

Exemplary alloys that may be employed for liner layer 38 and cap layer 46 include but are not limited
to cobalt-tungsten-phosphorus (CoWP), cobalt-tungsten-boron (CoWB), cobalt-tungsten-phosphorus-boron
(CoWPB), cobalt-molybdenum-boron (CoMoB), cobalt-molybdenum-phosphorus (CoMoP), cobalt-
molybdenum-chromium (CoMoCr), and cobalt-molybdenum-chromium-boron (CoMoCrB). In other
embodiments, liner layer 29 and/or cap layer 46 may include single element layers of palladium, rhodium and
ruthenium. It is noted that although hydrogen is not listed as an element with such exemplary materials, it may
be incorporated therein as a result of electroless plating processes. In particular, hydrogen atoms may be lodged
with a deposited film due to hydrogen outgassing of the electroless plating chemistry.

In some embodiments, liner layer 38 and/or cap layer 46 may include a relatively consistent
concentration of elements through the layer. In other embodiments, however, liner layer 38 and/or cap layer 46
may include a variation of elemental concentrations throughout the layers to reduce the diffusion of elements
from metallization structure 36 therethrough. In particular, liner layer 38 and/or cap layer 46 may include
different concentrations of elements in different regions of the layer. Exemplary elemental compositions of
barrier layers having a variation of elemental concentration throughout the layers and methods for depositing
such layers are described in U.S. Patent Application No. which was filed on and is
incorporated by reference as if fully set forth herein. Another exemplary elemental composition for a barrier
layer is described in reference to Figs. 17 and 18. In any case, liner layer 29 and cap layer 46 may, in some
embodiments, include the same collection of elements and, in some cases, a similar arrangement of elements.
Alternatively, liner layer 29 and cap layer 46 may include different arrangements of elements and, in some

embodiments, a different collection of elements. An exemplary range of thickness for cap layer 46 may be
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between approximately 20 angstroms and approximately 200 angstroms, but smaller or larger thicknesses may be
employed.

Although cap layer 46 may be formed without depositing metallic residue upon dielectric layer 34,
other residue may be formed upon microelectronic topography 30 during the deposition process. Removal of
such residue may be advantageous in some embodiments for the adhesion of subsequent layers. One manner in
which to remove the residue is to employ high-pressure, high temperature deionized water based spray 44 as
depicted in Fig. 4. The application of such a process may include process parameters similar to the application
described above in reference to Fig. 2. In particular, high-pressure, high temperature deionized water based
spray 44 may be applied at a pressure greater than approximately 10 psi, at a temperature between approximately
75° C and approximately 95° C, and at an angle between approximately 10° and approximately 80°. In addition,
the deionized water based solution may include a phosphoric acid adsorbent in some embodiments.

An alternative method for removing residue from microelectronic topography 30 subsequent to the
formation of cap layer 46 is to form a dielectric protective layer over cap layer 46 and clean the topography with
hydrofluoric acid and/or a brush as illustrated in Figs. 5 and 6. In particular, Fig. 5 illustrates the formation of
dielectric protective layer 48 upon, around, and in contact with cap layer 46. Although dielec’tric protective layer
48 is described in reference to Figs. 5 and 6 as being configured to prevent chemical attack of cap layer 36
during a cleaning step, dielectric layer 48 may be additionally configured as an adhesion promoter to
subsequently formed overlying layers. In addition or alternatively, dielectric protective layer 48 may be
configured to prevent oxidation of the barrier layer. In general, dielectric protective layer 48 may include
materials sufficient to perform the aforementioned capabilities, such as but not limited to siloxane, sulfur
phosphate and nitrogen phosphate. In addition, dielectric protective layer 48 may include a thickness between
approximately one monolayer and tens of angstroms, although larger thicknesses may be used.

In some embodiments, self-assembled deposition techniques using aqueous solutions or vapor phases of
trimethylsilylazide (TMSA) or dimethylsulfoxide (DMSO) may be used to fabricate dielectric protective layer
48. Such methods may be advantageous in that they are selective such that a protective layer is only formed
upon metallic portions of microelectronic topography 30 and, thus, may be selectively formed exclusively upon
cap layer 46. In addition, such methods may be particularly applicable to forming thin protective layers, such as
those having a thickness between a monolayer and approximately 5 angstroms. Relatively thin dielectric
protective layers may be easier and/or faster to remove during subsequent processing and, therefore, may be
advantageous in some embodiments. The self-assembled deposition techniques, however, may be employed to
form thicker dielectric protective layers in other embodiments. Furthermore, other deposition techniques may
additionally or alternatively be employed to form dielectric protective layer 48 of any thickness.

Fig. 6 illustrates the application of cleaning process 50 which may include exposure to hydrofluoric
acid and/or a brush scrub to remove residue upon microelectronic topography 30. In general, parameters of such
a cleaning process may be selected from those known in the microelectronic fabrication industry. Due to the
inclusion of dielectric protective layer 48, cap layer 46 may be shielded from cleaning process 50 and, therefore,
the surface topology of the cap layer may not be altered. In some embodiments, dielectric protective layer 48
may be removed by a plasma or chemical clean, for example, subsequent to cleaning process 50 and prior to any

additional fabrication processing. In other embodiments, however, dielectric protective layer 48 may be retained



10

15

20

30

35

WO 2006/020565 PCT/US2005/028119

within microelectronic topography 30 during éubsequent processing as shown and described below in reference
to Figs. 7-9, for example.

Fig. 7 depicts the formation of dielectric layer 52 upon microelectronic topography 30, or more
specifically, upon dielectric layer 34 and dielectric protective layer 48. In general, dielectric layer 52 may serve
as an interlevel dielectric and, therefore, may include similar materials as those described for dielectric 34. In
particular, dielectric layer 52 may include silicon dioxide (SiO,), silicon nitride (Si;Ny), silicon dioxide/silicon
nitride/silicon dioxide (ONO), silicon carbide, carbon-doped SiO,, or carbonated polymers. In some cases,
dielectric layer 52 may be doped to form, for example, low doped borophosphorus silicate glass (BPSG), low
doped phosphorus silicate glass (PSG), or fluorinated silicate glass (FSG). Alternatively, dielectric layer 52 may
include a low-k dielectric material, In some cases, dielectric layer 52 may include the same material as dielectric
Jayer 34. In other embodiments, however, dielectric layers 52 and 34 may include different materials. In any
case, dielectric layer 52 may have a thickness between approximately 2,000 angstroms and approximately
10,000 angstroms. Larger or smaller thicknesses of dielectric layer 52, however, may be appropriate depending
on the microelectronic device being formed.

As shown in Fig. 8, trench 54 may be etched into dielectric layer 52 above cap layer 46 and, more
specifically, extending down to dielectric protective layer 48. In such a process, dielectric protective layer 48
may serve as an etch stop layer for the formation of trench 54. In particular, dielectric protective layer 48 may
include a material which etches at a substantially slower rate than dielectric layer 52 with a given etch chemistry
and, therefore, may allow the etch process to be terminated upon or within dielectric protective layer 48. A
further etch process may then be employed to remove remaining exposed portions of dielectric protective layer
48 to form trench 56 as shown in Fig. 9. Such an etch process may include parameters such that the material of
dielectric protective layer 48 is etched at a faster rate than the material of cap layer 46. In this manner, the etch
process to be terminated upon or within an upper surface of cap layer 46. In addition, the etch process
parameters may be configured such that dielectric layer 52 is not substantially etched during the process such
that the width of the ensuing trench may retained. It is noted that in addition to serving as a shield during
cleaning processes and as a etch stop layer, dielectric protective layer 48 may additionally or alternatively serve
as a hardmask layer for photolithography processes or a polish stop layer for planarization processes. The use of
dielectric protective layer 48 for such applications will generally depend on the design specifications of the
device.

An alternative method for processing microelectronic topography 30 prior to and/or subsequent to the
formation of cap layer 46 is shown in Figs. 10-14. In particular, Fig. 10 illustrates the formation of dielectric
protective layer 58 upon dielectric layer 34 subsequent to the polishing process described in reference to Fig. 1.
As shown in Fig. 10, dielectric protective layer 58 may, in some embodiments, be formed upon metallic residue
42, implying the cleaning process described in reference to Fig. 2 was not performed. In such cases, dielectric
protective layer 58 may serve to mask metallic residue 42 such that a subsequent electroless plating process of
cap layer 46 may be selective to being deposited upon bulk metal feature 40. In other words, deposition of cap

layer 46 above dielectric layer 34 may be avoided and, consequently, shorts to cap layer 42 may be averted.
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As noted above, cap layer 46 may be deposited by deposition techniques other than electroless plating
processes in some embodiments. In such cases, isolation of metallic residue 42 by dielectric protective layer 58
may not necessarily be as prudent for preventing the fabrication of shorts within the ensuing device as in
embodiments in which cap layer 46 is deposited using electroless plating techniques. Dielectric protective layer
58, however, may, in some embodiments, be used as a hardmask layer, polish stop layer, or an etch stop layer for
subsequent processing, regardless of the deposition technique employed for cap layer 46. As such, the
fabrication of dielectric protective layer 58 is not necessarily exclusive to embodiments in which cap layer 46 is
deposited using electroless plating techniques. In general, dielectric protective layer 58 may include similar
materials and characteristics as described above for dielectric protective layer 48. In particular, dielectric
protective layer 58 may include materials such as but not limited to siloxane, sulfur phosphate and nitrogen
phosphate. In addition, dielectric protective layer 58 may include a thickness between approximately one
monolayer and tens of angstroms, although larger thicknesses may be used.

Turning to Fig, 11, cap layer 46 may be formed upon metallization structure 36. In some embodiments,
the formation of cap layer 46 may be similar to the formation of cap layer 46 described in reference to Fig. 3
and, therefore, may either include a selective deposition process or a blanket deposition and subsequent
patterning process. In either of such cases, cap layer 46 may be optionally polished to be substantially coplanar
with dielectric protective layer 48 as shown in Fig. 11. In other embodiments, cap layer 46 may be formed by a
blanket deposition of matetrial and a subsequent polishing process without an intervening photolithography
process. In any of such cases (i.e., those which include a polishing process), metallic residue 59 may be formed
upon dielectric protective layer 58 as shown in Fig. 11. In some cases, it may be advantageous to remove
metallic residue 59 and 58 to reduce the likelihood of shorts forming within the ensuing device. In general,
metallic residue 59 may be removed by similar processes as described for the removal of metallic residue 42 in
reference to Figs. 4-6. In particular, metallic residue 59 may be removed by either high-pressure, high
temperature deionized water based spray 44 or by an application of cleaning process 50 subsequent to the
formation of a dielectric protective layer upon cap layer 46. In other embodiments, a polishing process may not
be used to form cap layer 46 and, therefore, metallic residue 59 may not be formed upon dielectric protective
layer 58 and, consequently, the removal processes described in reference to Figs. 4-6 may not be necessary. In
any case, the topography illustrated in Fig. 12 may result.

Regardless of whether metallic residue 59 is formed upon dielectric protective layer 58, the fabrication
process may, in some embodiments, proceed to the removal of dielectric protective layer 58 and metallic residue
42 as shown and described respectively in reference to Figs. 13 and 14. In particular, Fig. 13 illustrates the
removal of protective dielectric layer 58 and Fig. 14 illustrates the removal of metallic residue 42, Fig. 13
further illustrates the selective deposition of dielectric protective layer 48 upon metallization structure 36. As
noted above, the process used for removing metallic residue 42 may be susceptible to etching the material of cap
layer 46 and, therefore, it may be advantageous to deposit dielectric protective layer 48 above cap layer 46 prior
to the removal of metallic residue 42 in some embodiments. In general, dielectric protective layer 48 may be
deposited upon cap layer 42 prior to or subsequent to the removal of dielectric protective layer 58. In some
embodiments, however, it may be preferable to form dielectric protective layer 48 prior to the removal of

dielectric protective layer 58. In particular, in embodiments in which the formation of dielectric protective layer
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48 is selectively deposited upon metal portions of the topography, it may be advantageous to retain dielectric
protective layer 58 such that dielectric protective layer 48 is not formed upon metallic particulate 42. The
formation of dielectric protective layer 48, however, is not necessarily limited to selective deposition techniques
and, therefore, is not necessarily limited to the removal of dielectric protective layer 58 prior to the removal of
dielectric protective layer 58.

_In general, dielectric protective layer 48 may include similar materials and characteristics and be
formed by similar deposition techniques as described for the layer with the same reference number in reference
to Fig. 5. In particular, dielectric protective layer 48 may include materials such as but not limited to siloxane,
sulfur phosphate and nitrogen phosphate. In addition, dielectric protective layer 48 may include a thickness
between approximately one monolayer and tens of angstroms, although larger thicknesses may be used. In
embodiments in which dielectric protective layer 48 is formed prior to the removal of dielectric protective layer
58, dielectric protective layer 48 may include a material with. different etch characteristics than dielectric
protective layer 58 and/or a thickness greater than dielectric protective layer 58. In this manner, a subsequent
removal process of dielectric protective layer 58 may not completely remove dielectric protective layer 48 and
expose cap layer 46 to the removal process.

In general, the removal of dielectric protective layer 58 may include but is not limited to a plasma or
chemical cleaning process. In some embodiments, the removal of dielectric protective layer 58 may be
configured to remove metallic residue 42 as well. In other embodiments, however, some or all of metallic
residue 42 may remain upon dielectric layer 34 subsequent to removing dielectric protective layer 58. In such
cases, it may be advantageous, in some embodiments, to remove the remaining metallic residue. Exemplary
processes for removing metallic particulate 42 are described in reference to Fig. 2. In particular, the removal of
metallic particulate 42 may be performed by either high-pressure, high temperature deionized water based spray
44 or by an application of cleaning process 50. In either case, dielectric protective layer 48 may be removed
subsequent to the removal of the removal of dielectric protective layer 48 as shown in Fig. 14. It is noted that
metallic residue 42 and/or 60 do not necessarily need to be removed from microelectronic topography 30 and,
therefore, the method described in reference to Figs. 10 — 14 may alternatively include the formation of layers
and/or structures above any of metallic residue 42, dielectric protective layer 48, dielectric protected layer 58,
and/or metallic reside 60.

In addition, although the methods described in reference to Figs. 1-14 are discussed in particular
reference to the formation of a metallization structure having a bulk metal feature coplanar with an adjacent
dielectric structure, the methods are not necessarily so restricted. In particular, the methods may be applied to
any metallization structure, regardless of whether the bulk metal feature is recessed within a trench of the
adjacent dielectric layer, coplanar with the adjacent dielectric layer, or has an upper surface at a high elevation
than the adjacent dielectric layer during fabrication. An exemplary alternative configuration of a metallization
structure is shown and described in reference to Figs. 15 and 16. In particular, Fig. 15 depicts microelectronic
topography 60 having bulk metal feature 62 of metallization structure 64 formed having an upper surface lower

than an upper surface of dielectric layer 34.
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In general, the depth to which.{hé.ﬁpi)er surface of bulk metal feature 62 is recessed within dielectric
layer 34 may depend on the composition and thickness of the ensuing cap layer as well as the areal dimensions
of the trench in which the cap layer is formed (i.e., the areal dimensions of the upper surface of bulk metal
feature 62). An exemplary range of recess depths may be between approximately 20 angstroms and
approximately 50 angstroms. Larger or smaller recess depths, however, may be employed. In any case, the
fabrication of bulk metal feature 62 may be formed in a number of different ways. For instance, bulk metal
feature 62 may be formed by selective deposition using electroless plating techniques, for example. In other
cases, bulk metal feature 62 may be blanket deposited using sputter or evaporation deposition techniques, for
example. In either case, the deposition of bulk metal feature 62 may be limited to only filling a partial portion of
the trenches within dielectric layer 34, In other embodiments, however, bulk metal feature 62 may be deposited
at or above an elevation relative to the upper surface of dielectric layer 34 and subsequently etched back to an
elevation below the upper surface of the dielectric layer, such as at the relative elevation shown in Fig. 15, for
example.

In general, bulk metal feature 62 may include the same materials and features described above in
reference to Fig. 1 for bulk metal feature 40. In particular, bulk metal feature 62 may include one or more layers
of conductive materials, including but not limited to copper, aluminum, tungsten, titanium, silver, or any alloy of
such metals. In some embodiments, bulk metal feature 62 may be configured to have a majority concentration of
copper and, in some cases, consisting essentially of copper, since copper is often favorable to use for
metallization structures in microelectronic devices. In addition to bulk metal feature 62, microelectronic
topography 50 includes lower layer 32, dielectric layer 34, and liner layer 38 as shown in Fig. 15. In general, the
materials and characteristics of such components may be similar to those described for the layers with the same
reference numbers in Fig. 1. In addition, the inclusion of liner layer 38 is optional and, therefore, the description
of metallization structure 64 is not necessarily limited to the drawing of Fig. 15.

Subsequent to the formation of bulk metal feature 62, cap layer 66 may be formed upon bulk metal
feature 62, becoming an additional component of metallization structure 64. In general, cap layer 66 may be
formed by any technique known in the microelectronic fabrication industry. In particular, cap layer 66 may, in
some embodiments, be formed by blanking depositing a diffusion barrier material upon microelectronic
topography 60 and patterning the blanket deposition of material by lithography techniques. Alternatively, cap
layer 66 may be selectively deposited upon metallization structure 36 using, for example, electroless plating
techniques. In either case, cap layer 66 may be configured to reduce the diffusion of elements from bulk metal
feature 62, particularly to any layers formed above bulk metal feature 62. As such, cap layer 66 may generally
be referred to as a barrier layer, but such a reference does not necessarily infer the exclusivity of diffusion barrier
properties. In particular, cap layer 66 may additionally or alternatively serve as adhesion layers, thermal
expansion buffers, and/or to prevent oxidation of metallization structure 64.

In general, cap layer 66 may include similar materials and characteristics as described in reference to
Fig. 1 for liner layer 38 and cap layer 46. In particular, the selection and arrangement of the elements included
within cap layer 66 may generally depend on the elements included in bulk metal feature 62. For example, in
embodiments in which bulk metal feature 62 includes copper, the inclusion of cobalt within cap layer 66 may be

particularly beneficial since copper has relatively low solubility with cobalt. Other materials that may be
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additionally or alternatively included within cap layer 66 may include phosphorus, boron, tungsten, chromium,
molybdenum, nickel, palladium, rhodium, ruthenium, hydrogen, and oxygen. Exemplary alloys that may be
employed for cap layer 66 include but are not limited to cobalt-tungsten-phosphorus (CoWP), cobalt-tungsten-
boron (CoWB), cobalt-tungsten-phosphorus-boron (CoWPB), cobalt-molybdenum-boron (CoMoB), cobalt-
molybdenum-phosphorus (CoMoP), cobalt-molybdenum-chromium (CoMoCr), and cobalt-molybdenum-
chromium-boron (CoMoCtB). In other embodiments, cap layer 66 may include single element layers of
palladium, rhodium and ruthenium.

In some embodiments, cap layer 66 may include a relatively consistent concentration of elements
through the layer. In other embodiments, however, cap layer 66 may include a variation of elemental
concentrations throughout the layers to reduce the diffusion of elements from metallization structure 64
therethrough. In particular, cap layer 66 may include different concentrations of elements in different regions of
the layer. Exemplary elemental compositions of barrier layers having a variation of elemental concentration
throughout the layers and methods for depositing such layers are described in U.S. Patent Application No.

, which was filed on and is incorporated by reference as if fully set forth herein.
Another exemplary barrier layer having a variation of elemental concentration is described in reference to Figs.
17 and 18.

Due to bulk metal feature 62 being recessed below the upper surface of dielectric layer 34, a portion of
cap layer 66 may be formed below the upper surface of dielectric layer 34. As shown in Fig. 16, cap layer 66
may, in some embodiments, be formed with a portion arranged below the upper surface of dielectric layer 34 and
another portion arranged above the upper surface of dielectric layer 34. Such a configuration may
advantageously allow cap layer 66 to have a combination of tensile and compressive stresses such that the net
stress within the layer is lower than in embodiments in which the entirety of a cap layer is formed above an upper
surface of an adjacent dielectric layer or, alternatively, lower than in embodiments in which the cap layer is
formed coplanar or below an upper surface of an adjacent dielectric layer. In particular, the configuration of cap
layer 66 depicted in Fig. 16 allows the layer to have upper portion 66a vnder tensile stress since the portion is
not bounded by adjacent structures. In addition, cap layer 66 includes lower portion 66b under compressive
stress since it is bound by adjacent portions of liner layer 38 and dielectric layer 34.

The different types of stresses within upper and lower portions 66a and 66b are depicted in Fig. 16 by
reference arrows denoting the different directions of the stresses innate to each of the portion’s configurations.
The balance of the stresses between the two portions may be configured to inhibit the formation of hillocks
within the cap layer, ensuring the upper surface of cap layer 66 is substantially planar. In addition, the balance
of stresses may be configured to prevent delamination of cap layer 66 from bulk metal feature 62 as well as
prevent the cap layer from extending out over portions of dielectric layer 34. In some cases, the stresses among
upper and lower portions 66a and 66b may be equalized to accomplish such objectives. In other embodiments,
however, the net stress among upper and lower portions 66a and 66b may be slightly tensile or slightly
compressive and still realize such benefits.

In general, the net stress within a layer may depend on the material compositions, relative thicknesses,
and areal dimensions of the layer as well as surrounding structures and layers. In particular, different materials

tend to exhibit different degrees of stress for a given thickness and given occupied area. As such, not only does
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the degree of tensility and compressibility of upper and lower portions 66a and 66b respectively depend on the
material compositions, thicknesses, and areal dimensions of such portions, the degree of stress also depends on
such properties of dielectric layer 34, liner layer 38, and bulk metal feature 62. Consequently, the minimization
of stress differences and/or equalization of stress between upper and lower portions 662 and 66b may not
necessarily be restricted to the portions having the same materials and/or having the same thicknesses. In
particular, upper and lower portions 66a and 66b may include different materials and/or thicknesses in some
embodiments. Alternatively, upper and lower portions 66a and 66b may include the same materials and/or the
same thicknesses.

As noted above, an exemplary range of recess depths to which the upper surface of bulk metal feature
62 may be recessed within dielectric layer 34 may be between approximately 20 angstroms and approximately
50 angstroms, although larger or smaller recess depths may be employed. As such, an exemplary range of
thickness for lower portion 66b may be between approximately 20 angstroms and approximately 50 angstroms,
although larger or smaller thicknesses may be employed. In some cases, an exemplary range of thickness for
upper portion 66a may also be between approximately 20 angstroms and approximately 50 angstroms, although
larger or smaller thicknesses may be employed.

As noted above, a configuration of a barrier layer having a variation of elemental concentrations is
shown and described in reference to Figs. 17 and 18. In particular, Fig. 17 illustrates a cross-section of
microelectronic topography 70 having metallization structure 74 disposed above lower layer 32, interposed
within dielectric layer 34, and covered by dielectric layer 52. As shown in Fig. 17, metallization structure 74
may include liner layer 38, bulk metal feature 72, and cap layer 76. In general, lower layer 32, dielectric layers
34 and 52, and liner layer 38 may include any of the materials and characteristics described for layers of the
same reference numbers in Figs. 1 and 7. In addition, bulk metal feature 72 and cap layer 76 may include any of
the materials and characteristics respectively described for bulk metal features 40 and 62 and cap layer 46 and
66 in reference to Figs. 1, 3, 15 and 16.

Furthermore, bulk metal feature 72 and cap layer 76 may include either of the configurations described
for such structures in reference to Figs. 1, 3, 15 and 16. In particular, bulk metal feature 72 may be formed with
an upper surface recessed at an elevation below the upper surface of dielectric layer 34 or, alternatively, with an
upper surface formed coplanar with the upper surface of dielectric layer 34. In addition, cap layer 76 may be
configured with a lower surface coplanar with the upper surface of dielectric layer 34 or, alternatively, may
include portions extending to elevations below and above the upper surface of dielectric layer 34. In yet other
embodiments, the entirety of cap layer 76 may be arranged at an elevation below an upper surface of dielectric
layer 34 or a lower surface of bulk metal feature 72 may be arranged at an elevation above an upper surface of
dielectric layer 34. In any case, the configuration of bulk metal feature 72 and cap layer 76 is not necessarily
restricted to the illustration in Fig. 17.

It is further noted that microelectronic topography 70 is not necessarily limited to having both liner
layer 38 and cap layer 76. In particular, microelectronic topography 70 may alternatively include only one of
liner layer 38 and cap layer 76. Moreover, the barrier layer configuration described in reference to Fig. 18 may
be applied to either or both of such layers. As such, Fig. 18 is referenced as “38/76,” denoting the elemental
distributions of liner layer 38 and/or cap layer 76. In addition, it is noted that microelectronic topography 70
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may include additional layers and/or structures formed above dielectric layer 52. Consequently, the barrier layer
configuration described in reference to Fig. 18 is not limited to an intermediate fabrication topography.

As shown in Fig. 18, liner layer 38 and/or cap layer 76 may include a plurality of metal alloy layers 80.
In some embodiments, the plurality of metal alloy layer 80 may each include a metal constituent majority
different than bulk metal feature 72. The term “metal constituent majority” may generally refer to the metal
element having the bulk concentration within the layer. For example, an alloy of CoWPB may, in some
embodiments, have a bulk concentration of cobalt and, therefore, may have a metal constituent majority of
cobalt. Although the plurality of metal alloy layers 80 may include some of the elements which are included in
bulk metal feature 72, the metal alloy layers do not include a bulk concentration of the same element as having
the bulk concentration within bulk metal feature 72. Consequently, the plurality of metal alloy layers 80 may
each include a metal constituent majority different than bulk metal feature 72. In some embodiments, the
plurality of metal alloy layers 80 may include the same metal constituent majority. In other embodiments,
however, one or more of the plurality of metal alloy layers 80 may include a different metal constituent majority.

In any case, the plurality of metal alloys 80 may include any of the materials and characteristics
described above for liner layer 38 and cap layers 46 and 66 as well as traces of elements from bulk metal feature
72 due to diffusion of such elements therefrom. The term “alloy” may generally refer to a mixture of metal
elements, but not necessarily in any fixed proportion. As such, although one or more of metal alloy layers 80
may include the same elements, the concentrations of such elements may not necessarily be similar. In other
embodiments, the plurality of metai alloy layers 80 may not include the same elements.

In addition to having metal alloy layers 80, liner layer 38 and/or cap layer 76 may include metal-oxide
compound layer 82 interposed between two of the metal alloy layers. The term “metal-oxide compound,” as used
herein, may generally refer to a substance having a collection of metal and oxygen atoms bonded to each other in
fixed proportions. For example, metal-oxide compound layer 82 may include compounds of cobalt-oxide, nickel-
oxide, iron-oxide, molybdenum-oxide, tungsten-oxide, or any transition metal oxide. In some embodiments,
metal-oxide compound layer 82 may include a contiguous layer comprising a single type of metal-oxide
compounds. In other embodiments, however, metal-oxide compound layer 82 may include a plurality of layers
of different types of metal oxide compounds. In addition to metal-oxide compounds, metal-oxide compound
layer 82 and at least some of the plurality of metal alloy layers 80 may include one or more of the elements
included within bulk metal feature 72 due to the diffusion of such elements from the feature. For example,
metal-oxide compound layer 82 and at least some of the plurality of metal alloy layers 80 may include copper in
embodiments in which bulk metal feature 72 comprises copper.

In some embodiments, metal-oxide compound layer 82 may include a concentration of an element
which is disproportionate relative to concentrations of the element within the plurality of metal alloy layers 80.
In particular, metal-oxide compound layer 82 may include an elemental concentration which differs from a
distribution pattern of concentrations of such an element among successions of metal alloy layers 80 on either
side of metal-oxide compound layer 82. More specifically, metal-oxide compound layer 82 may include an
elemental concentration which is substantially higher or lower than what may be anticipated based upon the
distribution of concentrations of the element within metal alloy layers 80 on either side of metal-oxide compound

layer 82. For example, in embodiments in which the barrier layer configuration is formed for cap layer 76, if
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metal alloy layers 80 interposed between bulk metal feature 72 and metal-oxide compound layer 82 include
successively decreasing concentrations of an element, metal-oxide compound layer 82 may include a
concentration of the element which is higher than the metal alloy directly adjacent to the compound layer. In this
manner, the elemental concentration within metal-oxide compound layer 82 will differ from the distribution of
elemental concentrations within the metal alloy layers of the barrier layer and, consequently, include an
elemental concentration which is disproportionate relative to concentrations of the element within the plurality of
metal alloy layers 80.

The disproportionate elemental concentration within metal-oxide compound layer 82 may due to the
configuration of the layer to getter or repel one or more elements diffused from bulk metal feature 72. For
example, metal-oxide compound layer 82 may include compounds of cobalt-oxide, nickel-oxide, and/or iron-
oxide to getter copper from metal alloy layers 80. Alternatively, compounds of molybdenum-oxide or tungsten-
oxide may serve as an anti-getter of copper from metal alloy layers 80. As such, the distribution of elemental
concentrations within metal alloy layers 80 on either side of metal-oxide compound layer 82 may depend on the
composition of metal-oxide compound layer 82 as well as the position of the barrier layer relative to bulk metal
feature 72, the diffusion properties of the element diffused from bulk metal feature 72, and the composition of
the metal alloy layers.

In particular, having gettering materials within metal-oxide compound layer 82 will attract copper
atoms from metal alloy layers 80 interposed between the metal-oxide compound layer and bulk metal feature 72
and inhibit copper atoms from diffusing to layers above/below metal-oxide compound layer 82 (i.e., above for
embodiments in which the barrier layer configuration is applied to cap layer 76 and below for embodiments in
which the configuration is applied to liner layer 38). In contrast, having anti-gettering materials within metal-
oxide compound layer 82 will inhibit copper atoms from diffusing therein from metal alloy layers 80 interposed
between the metal-oxide compound layer and bulk metal feature 72 and, consequently, further inhibit copper
atoms from diffusing to layers above/below metal-oxide compound layer 82. As a consequence, concentrations
of an element within successive layers of metal alloy layers 80 may, in some embodiments, steadily or erratically
increase or steadily or erratically decrease, depending on the gettering or anti-gettering properties of metal-oxide
composition layer. .

In addition, the concentration of the element within metal-oxide compound layer 82 may be
disproportionate from the distribution of the element within successive layers of metal alloy layers 80. In
particular, in embodiments in which the barrier layer configuration is formed for cap layer 76, if the metal alloy
layers 80 interposed between bulk metal feature 72 and metal-oxide compound layer 82 include successively
increasing concentrations of an element, metal-oxide compound layer 82 may include a concentration of the
element which is lower than the metal alloy directly adjacent to the compound layer. Conversely, if the metal
alloy layers 80 interposed between bulk metal feature 72 and metal-oxide compound layer 82 include
successively decreasing concentrations of an element, metal-oxide compound layer 82 may include a
concentration of the element which is higher than the metal alloy directly adjacent to the compound layer., Fig.
18 illustrates an exemplary concentration distribution of element “X” representative of the latter case. In

particular, Fig. 18 illustrates metal-oxide compound layer 82 having a concentration of “X” atoms which is
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significantly higher than the concentration of such an element within succession of metal alloy layers 80 on
either side of metal-oxide layer 82.

The disproportionate elemental concentration within metal-oxide compound layer 82 may be fabricated
by annealing microelectronic topography 70 subsequent to the formation of the barrier layer. The anneal process
may be conducted at a temperature of at least 150° C, and more specifically between approximately 300° C and
approximately 800° C. In addition, the anneal process may be conducted for any length of time. A duration of at
least approximately 10 minutes, however, may be particularly advantageous. For example, the anneal process
may be conducted for a time period up to approximately 2 hours in some embodiments. It is noted that although
the barrier layer configuration illustrated in Fig. 18 is shown only having one metal-oxide compound layer, the
barrier layer may have multiple metal-oxide compound layers separated by different layers of metal alloy layers
80. As such, the barrier layer configuration is not necessarily limited to the illustration of Fig. 18. In any case,
the thickness of metal-oxide compound layer 82 may be between approximately 0.5 nm and approximately 2 nm
and, in some embodiments, approximately 1 nm, but larger or smaller thicknesses may be employed.

It will be appreciated to those skilled in the art having the benefit of this disclosure that this invention is
believed to provide improved configurations of barrier layers and methods for processing microelectronic
topographies having barrier layers. Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description. For example, although the
deposition processes specifically electroless plating techniques, the barrier layer configurations and methods of
fabrication are not necessarily so limited. Accordingly, this description is to be construed as illustrative only and
is for the purpose of teaching those skilled in the art the general manner of carrying out the invention. It is to be
understood that the forms of the invention shown and described herein are to be taken as the presently preferred
embodiments. Elements and materials may be substituted for those illustrated and described herein, parts and
processes may be reversed, and certain features of the invention may be utilized independently, all as would be
apparent to one skilled in the art after having the benefit of this description of the invention. Changes may be
made in the elements described herein without departing from the spirit and scope of the invention as described

in the following claims.
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WHAT IS CLAIMED IS:
1. A microelectronic topography, comprising:
a bulk metal feature;

a dielectric layer arranged adjacent to opposing sidewalls of the bulk metal feature, wherein the
dielectric layer comprises an upper surface at an elevation higher than an upper surface of the
bulk metal feature; and

a diffusion barrier layer formed upon and in contact with the upper surface of the bulk metal feature and

extending to an elevation higher than the upper surface of the dielectric layer.

2. The microelectronic topography of claim 1, wherein the upper surface elevation of the dielectric layer
relative to the upper surface of the bulk metal feature and the upper surface elevation of the diffusion barrier
layer relative to the upper surface of the dielectric layer are configured to induce a balance of tensile and

compressive stresses within the diffusion barrier layer.

3. The microelectronic topography of claim 1, wherein the upper surface of the dielectric layer is formed
at an elevation between approximately 20 angstroms and approximately 50 angstroms higher than the upper

surface of the bulk metal feature.

4, The microelectronic topography of claim 1, wherein the upper surface of the diffusion barrier layer is
formed at an elevation between approximately 20 angstroms and approximately 50 angstroms higher than the

upper surface of the dielectric layer.

5. The microelectronic topography of claim 1, wherein the bulk metal feature comprises copper, and

wherein the diffusion barrier layer comprises cobalt.

6. A method for processing a microelectronic topography, comprising:
forming a diffusion barrier layer upon and in contact with a bulk metal feature such that portions of a
first dielectric layer arranged adjacent to the bulk metal feature are exposed;
selectively depositing a second dielectric layer upon and in contact with the diffusion barrier layer;
cleaning the microelectronic topography subsequent to the step of selectively depositing of the second
dielectric layer; and

blanket depositing a third dielectric layer upon the cleaned microelectronic topography.
7. The method of claim 6, wherein the second dielectric layer is a monolayer of material.

8. The method of claim 6, wherein the second dielectric layer is selected from the group consisting of

siloxane, sulfur phosphate, and nitrogen phosphate.
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9. The method of claim 6, further comprising removing the second dielectric layer from the cleaned

microelectronic topography prior to the step of blanket depositing the third dielectric layer.

10. The method of claim 6, further comprising etching a trench within the third dielectric layer to expose

the second dielectric layer.

11, The method of claim 6, further comprising:
planarizing the bulk metal feature to be substantially coplanar with the first dielectric layer prior to the
step of forming the diftusion barrier layer; and
selectively depositing a fourth dielectric layer upon the first dielectric layer adjacent to the planarized
bulk metal feature prior to the step of forming the diffusion barrier layer.

12. The method of claim 11, wherein the fourth dielectric layer comprises a monolayer of material.

13. The method of claim 11, wherein the first dielectric layer comprises a low dielectric constant, and

wherein the step of cleaning comprises exposing the microelectronic topography to hydrofluoric acid.

14. The method of claim 11, further comprising removing the fourth dielectric layer from microelectronic

topography prior to the step of blanket depositing the third dielectric layer.

15. The method of claim 11, wherein the step of forming the diffusion barrier layer comprises polishing the

diffusion barrier layer to be substantially coplanar with the fourth dielectric layer.

16. A microelectronic topography, comprising:
a bulk metal feature comprising a first metal element; and
a barrier layer formed in contact with the bulk metal feature, wherein the barrier layer comprises:
a plurality of metal alloy layers each comprising a metal constituent majority different than the
bulk metal feature; and
a metal-oxide compound layer interposed between two of the plurality of metal alloy layers,
wherein the metal-oxide compound layer comprises a disproportionate concentration
of the first metal element relative to concentrations of the first metal element within

the plurality of metal alloy layers.
17. The microelectronic topography of claim 16, wherein the metal-oxide compound layer comprises a

higher concentration of the first metal element than an underlying metal alloy layer of the plurality of metal alloy

layers.
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18. The microelectronic topography of claim 16, wherein the metal-oxide compound layer comprises a
Jower concentration of the first metal element than an overlying metal alloy layer of the plurality of metal alloy

layers.

19. The microelectronic topography of claim 16, wherein at least two of the plurality of metal alloy layers

comprise the same metal constituent majority.

20. The microelectronic topography of claim 16, wherein at least two of the plurality of metal alloy layers

comprise different metal constituent majority.

21. The microelectronic topography of claim 16, wherein the metal-oxide compound layer comprises a first

metal-oxide compound selected from a group consisting of cobalt-oxide, nickel-oxide, and iron-oxide.

22. ‘ The microelectronic topography of claim 16, wherein the metal-oxide compound layer comprises a first

metal-oxide compound selected from a group consisting of molybdenum-oxide and tungsten-oxide.
23. The microelectronic topography of claim 16, wherein the first metal element is copper.

24, The microelectronic topography of claim 16, wherein the metal oxide compound layer is one of a

plurality of metal oxide compound layers interposed within the plurality of metal alloy layers.

O]
o

A method of processing a microelectronic topography, comprising:
polishing the microelectronic topography such that a metallization layer is substantially coplanar with
an adjacent dielectric layer; and

spraying a deionized water based solution upon the polished microelectronic topography to remove
debris from the upper surface of the adjacent dielectric layer, wherein the step of spraying the
deionized water based solution comprises spraying the deionized water based solution at:
a pressure greater than approximately 10 psi;
a temperature between approximately 75° C and approximately 95° C; and
an angle between approximately 10° and approximately 80° relative to the polished surface of

the microelectronic topography.

26. The method of claim 25, wherein the deionized water based solution comprises a phosphoric acid

adsorbent.

27. The method of claim 26, wherein the deionized water based solution comprises one of tungsten

phosphoric acid and nickel phosphoric acid.

21



10

WO 2006/020565 PCT/US2005/028119

28. The method of claim 25, wherein the step of spraying the deionized water based solution comprises

spraying the deionized water based solution at a pressure between approximately 10 psi and approximately 25

psi.

29. The method of claim 25, wherein the step of spraying the deionized water based solution comprises
spraying the deionized water based solution at a temperature between approximately 87° C and approximately

92°C.
30. The method of claim 25, wherein the step of spraying the deionized water based solution comprises

spraying the deionized water based solution at an angle between approximately 10° and approximately 50°

relative to the polished surface of the microelectronic topography.
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