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Use Of Conductive Electrolessly Deposited Etch Stop Layers, Liner Layers And Via

Plugs In Interconnect Structures

BACKGROUND

Field

[0001] Embodiments of the present invention relate to interconnect structures and
fabrication methods. In particular, the embodiments relate to novel interconnect structures
containing conductive electrolessly deposited etch stop layers and in some instances liner
layers and via plugs, to novel methods for making the interconnect structures, and to

integrated circuits containing the interconnect structures.

Background

[0002] Many integrated circuits contain multi-layer electrical interconnect structures to
provide electrical signals to logic elements such as transistors located on a semiconductor
substrate. The interconnect structures often contain interconnect lines which are spaced
apart in a nearly coplanar arrangement within a dielectric material that insulates the lines
from one another. Select connections between interconnect lines on different levels are

made by vias formed through the insulating material.

[0003] The interconnect lines are often made of highly conductive metals or alloys.
Copper has become a widely used material due in part to its low electrical resistance
compared to other metals. However, one of the disadvantages of copper is that it readily
oxidizes. Accordingly, if a copper surface is left exposed for prolonged periods of time, or
subjected to a variety of etching or plasma cleaning operations, the surface may become
oxidized. Unlike with other materials, such as aluminum, copper oxidation does not lead
to a thin protective coating that blocks further oxidation, and significant portions of the

copper may become oxidized. This is generally undesirable, since it may significant
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change the electrical and mechanical properties of the interconnect structure. Another
disadvantage of copper is that it is easily etched with many of the commonly used
dielectric etching chemistries. Accordingly, if the copper surface is left exposed, and
unprotected, it can become oxidized or partly removed during subsequent processing

operations.

[0004] In order to reduce oxidation and copper etching, protective dielectric etch stop or
hard mask layers are often formed on copper interconnect lines. Materials that are
commonly used for this purpose include silicon nitride (SiN), silicon carbide (SiC), and
silicon dioxide (SiOz). Although these dielectric layers maybe effective at protecting the
copper from reaction, they often contribute to mechanical separations that lead to
integrated circuit failure and they may increase the effective dielectric constant of the

interconnect structure and lead to reduced performance.

[0005] The protective dielectric layers provide an additional material interface or junction
where mechanical separation from the protective layers in the form of pilling, cracking, or
blistering often occurs. These types of mechanical failures may reduce production yields
and may decrease the effective lifetime of manufactured integrated circuits. This problem
may be compounded when low dielectric constant materials (low-k), which have a
dielectric constant less than silicon dioxide, are used for the interconnect structure, since

these materials are often chemically different from the protective dielectric layer materials.

[0006] The protective dielectric materials may also increase the effective dielectric
constant of the interconnect structure, particularly when the structure contains low-k
dielectric materials. Such increases in the dielectric constant may effectively decrease the
speed of the integrated circuit, which depends upon interconnect signal propagation

speeds. This can lead to reduced performance of the integrated circuit.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0007] The invention may best be understood by referring to the following description and
accompanying drawings that are used to illustrate embodiments of the invention. In the

drawings:

[0008] Figure 1 shows a cross-sectional view of an integrated circuit substrate containing
a semiconductor substrate, a dielectric layer formed on the substrate, and a trench formed
within the dielectric layer to accommodate an interconnect line, according to one

embodiment of the present invention.

[0009] Figure 2 shows a cross-sectional view of an integrated circuit substrate afier
forming a liner 1ayer and seed m aterial on the dielectric layer and within the trench o f

Figure 1, according to one embodiment of the present invention.

[0010] Figure 3 shows a cross-sectional view of an integrated circuit substrate after
forming a conductive layer (typically a metal layer) on the seed layer and within the trench

of Figure 2, according to one embodiment of the present invention.

[0011] Figure 4 shows a cross-sectional view of an integrated circuit substrate after
removing portions of the conductive layer, liner, and seed material outside the trench from

the substrate of Figure 3, according to one embodiment of the present invention.

[0012] Figure 5 shows a cross-sectional view of an integrated circuit substrate after
forming a conductive electrolessly deposited layer over the interconnect line of Figure 4,

according to one embodiment of the present invention.

[0013] Figure 6 shows a cross-sectional view of an integrated circuit substrate after
forming a second dielectric layer on the existing dielectric layer and the conductive

electroless layer of Figure 5, according to one embodiment of the present invention.
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[0014] Figure 7 shows a cross-sectional view of an integrated circuit substrate after
forming an opening to accommodate a via in the second dielectric layer of Figure 6,

according to one embodiment of the present invention.

[0015] Figure 8 shows a cross-sectional view of an integrated circuit substrate after
forming an opening to accommodate a second interconnect line at the top of the via

opening of Figure 7, according to one embodiment of the present invention.

[0016] Figure 9 shows a cross-sectional view of an integrated circuit substrate after
adding conductive interconnect material to fill the opening of Figure 8, according to one

embodiment of the present invention.

[0017] Figure 10 shows a cross-sectional view of an integrated circuit substrate after
forming a conductive electrolessly deposited layer on top of the conductive interconnect
material (the second interconnect line) of Figure 9, according to one embodiment of the

present invention.

[0018] Figure 11 shows a cross-sectional view of an integrated circuit substrate after
forming an o pening to accommodate an unlanded via in dielectric 1ayers such as those

shown in Figure 6, according to one embodiment of the present invention.

[0019] Figure 12 shows a cross-sectional view of an integrated circuit substrate
containing a multi-level interconnect structure having an electrolessly deposited
conductive layer as an etch stop layer for an unlanded via, according to one embodiment

of the present invention.

[0020] Figure 13 shows a cross-sectional view of an integrated circuit substrate after
forming an unlanded via by electrolessly d epositing a ¢ onductive m aterial on a b ottom

portion of an opening, according to one embodiment of the present invention.



10

15

20

WO 03/094209 PCT/US03/12967

[0021] Figure 14 shows a cross-sectional view of an integrated circuit substrate
containing a multi-level interconnect structure having a conductive electrolessly deposited

via plug, according to one embodiment of the present invention.

[0022] Figure 15 shows a cross-sectional view of an integrated circuit substrate after
forming a liner layer on exposed surfaces of an opening, according to one embodiment of

the present invention.

[0023] Figure 16 shows a cross-sectional view of an integrated circuit substrate
containing a multi-level interconnect structure having an electrolessly deposited liner layer
as a barrier between interconnect materials and dielectric, according to one embodiment of

the present invention.

[0024] Figure 17 shows a cross-sectional view of an integrated circuit substrate after
forming a recessed interconnect line by removing material from a top exposed surface of
an interconnect line such as the one shown in Figure 4, according to one embodiment of

the present invention.

[0025] Figure 18 shows a cross-sectional view of an integrated circuit substrate after
forming an inlaid conductive electrolessly deposited layer over the recessed interconnect

line of Figure 17, according to one embodiment of the present invention.

[0026] Figure 19 shows a computer system containing a microprocessor having an

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

[0027] Described herein are interconnect structures containing conductive electrolessly
deposited etch stop layers, and in some embodiments liner layers or via plugs, and
methods for fabricating the interconnect structures. In the following description,
numerous specific details are set forth. However, it is understood that embodiments of the
invention may be practiced without these specific details. For example, well-known
equivalent materials may be substituted in place of those described herein, and similarly,
well-known equivalent techniques may be substituted in place of the particular processing
techniques disclosed. In other instances, well-known circuits, structures and techniques

have not been shown in detail to avoid obscuring the understanding of this description.

I. Interconnect Structure Containing Conductive Electrolessly Deposited Etch Stop

Landing For Via

[0028] Figures 1-10 show cross-sectional views of substrates representing different stages
of a method for fabricating an interconnect structure containing a conductive layer formed
over an interconnect line in accordance with one embodiment o f the p resent invention.
The conductive layer serves as both an etch stop landing for a via formed over the
interconnect line and as a shunt for flow of current between the interconnect line and the

via.

[0029] Figure 1 shows a cross-sectional view of a portion of an integrated circuit substrate
containing a semiconductor substrate 102 having circuit components formed therein, a
first dielectric layer 104 formed on the substrate, and a trench opening 106 formed within
the dielectric layer. The dielectric layer may be formed on the substrate using deposition
techniques that are well-known in the semiconductor processing arts. For example, a low-

k dielectric material such as a fluorinated oxide of silicon (e.g., SiOF) or carbon doped
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oxide of silicon (e.g., carbon doped silicon dioxide, SiO;) may be deposited by Chemical

Vapor Deposition (CVD).

[0030] The trench 106 may be formed within the dielectric layer by using well-known
masking, lithography, and etching techniques. For example, a radiation sensitive layer
(e.g., a positive or negative photoresist) may be formed on the dielectric layer and exposed
with electromagnetic radiation to create a layer having an exposure pattern corresponding
to the trench. Then, a portion of the radiation sensitive layer superjacent the trench may
be removed, a corresponding portion of the dielectric layer removed by etching, and then

the remainder of the of the radiation sensitive layer may be removed.

[0031] Figure 2 shows a cross-sectional view of a portion of an integrated circuit substrate
after forming a liner layer 108 and seed material 110 on dielectric layer 104 of Figure 1.
The liner 1ayer may b e used to prevent undesirable interactions b etween material tobe
subsequently deposited in the trench and the dielectric material of the layer 104. The liner
may be formed by depositing a thin layer of a suitable material over the surface of the
dielectric layer, including on the inner surfaces of the trench 106. The liner often has a
thickness between about 10-50 Angstroms (an Angstrom is 1/10,000,000,000 of a meter,
or one-tenth of a nanometer). Suitable materials for the liner include barrier layer
refractory metals and alloys, such as molybdenum, nickel, cobalt, cobalt-nickel (CoNi),
titanium-tungston (TiW), tantalum (Ta), tantalum-nitride (TaN), tantalum-silicon-nitride
(TaSiN), titanium-nitride (TiN), titanium-silicon-nitride (TiSiN), tungsten (W), tungsten-
nitride (WN), tungsten-silicon-nitride (WiSiN), and combinations of such materials (e.g.,
multi-layer stack of Ta/TaN). Suitable well-known deposition techniques CVD, Atomic
Layer D eposition (ALD), or Physical V apor D eposition (PVD) may be used to d eposit

these various materials.

[0032] A small amount of the seed material 110 maybe formed over the liner by a

deposition process such as PVD or CVD in order to improve the subsequent deposition of

7
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conductive interconnect materials. As shown, less than a monolayer of seed material may
be used for a subsequent electroless deposition. Of course, a monolayer or more may also
be used. Often, if the seed material is used for an electroplating deposition at least a
monolyaer and often a thickness between about 30-3000 Angstroms will be used.
According to some embodiments of the present invention, the seed material contains
copper (Cu) or an alloy of copper (e.g., copper-tin (CuSn), copper-indium (Culn), copper-
magnesium (CuMg), copper-aluminum (CuAl)) to assist with a subsequent formation ofa
copper containing material thereon. These various materials may be deposited by PVD or

by other well-known techniques such as CVD or ALD.

[0033] Figure 3 shows a cross-sectional view of a portion of an integrated circuit substrate
after forming a conductive layer 112 on the seed layer 110 of Figure 2. The conductive
layer often contains a metal or alloy. Hereafter, the term metal will be used to iﬁclude
pure metals, mixtures or alloys of multiple metals, and mixtures or alloys of a metal and
one or more non-metals (e.g., metalloids or non-metals). According to one embodiment of
the present invention, the layer contains a conductive copper material. Exemplary copper
materials include but are not limited to pure copper, or an alloy such as copper-tin (CuSn),
copper-indium (Culn), copper-antimony (CuSb), copper-bismuth (CuBi), copper-rhenium
(CuRe). The material may be deposited by an electroless, electroplating or other process.
An electroless deposition process differs from an electroplating process in that there is no
externally supplied current from a voltage source. Although electroplaing processes are
commonly used, an electroless deposition may be favored for a deep, narrow, high aspect
ratio trench, since continuous and thick seed layers are not needed for electroless

deposition. Both depositions well-known in the semiconductor processing arts.

[0034] Figure 4 shows a cross-sectional view of a portion of an integrated circuit substrate
after removing portions of the conductive layer 112, liner 108, and seed material (not
shown), that lie outside the trench, from the substrate o fFigure 3. T hese p ortions are

typically removed by planarizing the upper surface with a chemical-mechanical polishing
8
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(CMP) or mechanical polishing, although this is not required. Those skilled in the art and
having the benefit of this disclosure will recognize that depending on the thickness of the
layer and the degree of planarity with which they are formed, it may be possible to
eliminate this particular planarization operation. Removal of these portions creates a
patterned interconnect line 112 containing conductive material within the trench. The
interconnect line represents any patterned conductive material suitable to provide a
signaling medium to carry electrical signals. In this field, interconnect lines are sometimes

referred to as traces, wires, lines, interconnect or simply metal.

[0035] Figure 5 shows a cross-sectional view of a portion of an integrated circuit substrate
after forming a conductive layer 114 containing an electrolessly deposited metal over the
interconnect line 112 of Figure 4. However, prior to forming the conductive layer, which
will be discussed further below, it may be desirable to clean the planarized surface to
remove impurities. Experiments by the present inventors indicate that, although cleaning
is not required, it may nevertheless assist in forming quality, homogeneous conductive

layers.

[0036] A variety of cleansers may be adapted for cleaning fthe substrate of Figure 4. One
particular cleanser that has been found to be useful for removing organic impurities that
can be formed on the surface during CMP includes a hot deionized water solution
containing effective amounts of a surfactant to help wet the surface, an etching agent
sufficient to slowly etch a copper interconnect line to assist with removing organic that is
tightly bonded to the copper, and a reducing agent to reduce the oxidation number of the
copper and help activate it for the subsequent electroless deposition. Suitable surfactants
include but are not limited to RHODAFAC #RE610, available from Rhone-Poulenc, and
Triton X100, available from Sigma-Aldrich. An alcohol such as ethyleneglycol or
isopropyl alcohol may also be used in place of the surfactant. Suitable etching agents
include an appropriately weak solution of an acid with <10 wt% in water (e.g., a strong

mineral acid like hydrofluoric acid, nitric acid, or sulfuric acid, or a weak organic or

9
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carboxylic acid like citric acid or malonic acid). Ammonia may alsobeusedto etch a

copper material. Suitable reducing agents include among others glyoxylic acid.

[0037] The cleanser may contain other agents such as a base like TMAH (tetra methyl
ammonium hydroxide) or potassium hydroxide and an oxidizer like hydrogen peroxide.
The base is often used in an aqueous concentration of less then about 10wt%. Of course,
these cleaners may be replaced by other cleaners, or cleaning avoided altogether, so long
as the surface of the interconnect line is sufficiently clean to allow electroless deposition
of the cobalt alloy layer. Sonic agitation or scrubbing may be used in order to dislodge

particles and improve cleaning.

[0038] Returning now to Figure 5, we recall that the conductive electrolessly deposited
layer 114 has been formed on the exposed (often cleaned) surface of the interconnect line
112 of Figure 4. As shown, the layer often forms on the liner layer 108 although this
depends upon the particular materials. The layer may have a range of thicknesses,
including a thickness between about 10-100 nanometers in one instance. The layer 114
may passivate and protect the interconnect line 112 and may serve as an etch stop layer

during fabrication and as a conductive shunt layer during device operation.

[0039] The layer 114 may be formed by chemical deposition of a metal through a
chemical reaction. According to one embodiment of the present invention, the layer may
be formed by an electroless deposition wherein a substrate is placed in a solution,
containing a metal containing compound (e.g., a metal complex) and a reducing agent, and
a metal is deposited at an electrochemically active surface of the substrate through an
autocatalytic oxidation-reduction (redox) reaction between the metal containing compound
and the reducing agent at the surface. The reaction reduces the metal ions by giving them

electrons until they deposit in a non-ionic metallic state on the surface.

[0040] The layer 114 may contain metals such as cobalt, nickel, or alloys of these metals.

Alloys may be desired over either pure cobalt or nickel. For one thing, the alloy may be
10
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substantially amorphous and may present a tighter barrier to diffusion and
electromigration than a crystalline layer of a pure metal. For example, experiments
indicate that a layer of a pure cobalt metal may have significant crystal regions that allow
easy diffusion of copper and other materials along crystal grain boundaries, whereas an
alloy layer of cobalt-tungsten-phosphorous may provide a better barrier due to tungsten
filling in the crystal boundaries to reduce diffusion through these regions. Often, the alloy
will ¢ ontain c obalt or nickel and b etween one and t ypically about four other materials,
such as metals (e.g., transistion elements, cobalt, nickel, and tungsten), metalloids (e.g.,
boron), or non-metals (e.g., phosphorous). Of course more than four materials may be

included, as desired.

[0041] According to one embodiment of the present invention, the layer contains a cobalt-‘
boron-phosphorous (C,BP) alloy having a concentration of boron that is between about 1-
10 atomic percent (at%), a concentration of phosphorous that is between about 1-20 at%,
and the remainder of the concentration (i.e., between about 70-98 at%) made up by cobalt.
This layer may be formed by preparing a suitable electroless deposition solution,
immersing the substrate in the solution, allowing the reaction to proceed until a layer

having a desired thickness has formed, and then removing the substrate from the solution.

[0042] Solutions that are suitable for electroless deposition of a CoBP metal layer can be
prepared by combining in solution a salt of cobalt (e.g., cobalt sulfate, cobalt chloride), a
complexing agent to complex cobalt and help keep it in solution (e.g., EDTA, a carboxylic
acid, citric acid, malonic acid, succinic acid, ethylenediamine, propionic acid, acetic acid),
a first reducing agent that contains boron (e.g., dimethylamine borane (DMAB) or
borohydride), and a second reducing agent that contains phosphorous (e.g.,
hypophosphite). The alloy components come from a complex of the cobalt, which forms
when the salts dissolve and the cobalt ions are complexed by the complexing agents, and
from the reducing agents. Typically, the pH of the solution will affect the deposition

process and it will be desirable to add a base such as TMAH, potassium hydroxide,
11
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ammonium hydroxide, or some combination of these to maintain the pH between about 7
and about 11. It may also be desirable to include a buffer agent, such as ammonium
chloride (NH,C1) or ammonium sulfate (NHs);SOs, to further stabilize the solution pH.

For example, in one p articular i nstance, the s olution ¢ ontains b etween about 1 6-24 g/L

. CoCl,-6H,0, about 10-16 g/L DMAB, about 1.8-2.2 g/L H,PO,, about 30-46 g/L citric

acid, about 26-40 g/L NH4Cl, about 266-400 cm>/L of 25% TMAH solution to give a pH

between about 8.9-9.3.

[0043] It is appreciated that other electroless deposition solutions are contemplated. For
instance, a nickel alloy may be created by adding a nickel salt such as nickel chloride in
place of, or in addition to, the cobalt salt described above. As yet another example,

tungsten may be introduced by adding (NHz); WO4 to the solution.

[0044] After preparing the solution and immersing the substrate, it is common to heat the
solution, the substrate, or both in order to increase the deposition rate. Most commonly,
the reactions are carried out at temperatures between about 25°C (room temperature) and
about 100°C to avoid the solution boiling. Often, the desired temperature is between about
35°C and about 85°C. Exemplary deposition rates, which depend upon the particular
temperature and chemical reactions, often are between about 10-200 nanometers/min. The
substrate may remain immersed in the solution until the deposition process achieves the

desired layer thickness.

[0045] It is well known in the semiconductor processing arts that active surfaces are
needed for electroless deposition to occur effectively. The active surface should be
receptive to the autocatalytic growth of the electrolessly deposited metal. Copper is active
for the present cobalt-boron-phosphorous alloy. However, it is contemplated that in
another embodiment of the present invention, wherein a non-active metal is desired for the
interconnect line, an active metal such as copper, cobalt, nickel, palladium, platinum, or

gold be deposited on the non-active metal prior to electroless deposition.

12
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[0046] Optionally, the substrate may be cleaned after forming the layer 114 of Figure 5 in
order to remove impurities associated with the electroless solution. A suitable cleanser
may contain an aqueous solution of a surfactant or alcohol to help wet the surface and an

acid or oxidizer to mildly etch the alloy material in order to improve the cleaning.

[0047] The deposition process described above is often able to deposit layers having
electrical resistivities of less than about 70 micro Ohms per centimeter and surface
roughness (Ra) of less than about 5 nanometers (for layers having thickness up to about
200 nanometers). These layer attributes may be sufficient for many applications.
However, both the surface roughness and electrical resistance may be further reduced by
an annealing process, which modifies the structural and material properties of the layer. A
suitable annealing process may include heating the layer in either an inert atmosphere
(e.g., a noble gas, nitrogen) or reducing atmosphere (e.g., hydrogen) to a temperature of
about 450°C. This may include ramped heating for several minutes to an hour in a
furnace, or p erforming a rapid thermal anneal that 1asts s everal minutes. T his form of
treatment may be useful to remove gases such as hydrogen that are incorporated during the
electroless deposition process. This may decrease the resistance of the layer. The heating

may also soften the layer and cause a general reduction in the roughness.

[0048] During anhealing, a trace amount of oxygen may be added to the atmosphere to
oxidize the upper surface of the layer. This sort of oxidation may make the contact portion
of the layer more compatible with a subsequently deposited dielectric layer, so that the
layer and the dielectric layer have good contact and adhesion. This may reduce

mechanical failures like blistering and may improve production yields.

[0049] Figure 6 shows a cross-sectional view of a portion of an integrated circuit substrate
after forming a second dielectric layer 116 on the first dielectric layer 104 and the

conductive layer 114 of Figure 5. The dielectric layer may bé formed by using deposition

13
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techniques that are well-known in the semiconductor processing arts. For example, the

dielectric may comprise fluorinated silicon oxide deposited by known CVD methods.

[0050] As shown, the dielectric layer 116 may be formed directly on the dielectric and
electroless layers, without a dielectric hard mask or etch stop layer containing materials
such as SiN, SiC, or SiO;, disposed b etween the layers 104 and 116. These d ielectric
layers are typically formed over the layer 114 to protect the layer. The hard mask and etch
stop layers are not needed, since the conductive layer 114 provides protection to the
subjacent interconnect line. The elimination of such layers can improve contact and
adhesion between the first and second dielectric layers, particularly when these layers
contain similar dielectric materials. This may improve production yields, due to a
reduction in the number of failing devices, and may improve the reliability and operational

lifetime of integrated circuits.

[0051] In addition, when the first dielectric layer and/or the second dielectric layer contain
a low-k dielectric material, the elimination of the dielectric hard mask or etc;h stop layers
may avoid an increase in the effective dielectric constant of the dielectric layers 104 and
116. As an example, when SiN, SiC, or SiO, hard mask or etch stop layers are present,
they may increase the effective dielectric constant of the dielectric region by 10%, or
more. Avoiding this increase in the effective dielectric constant can lead to a decrease in
the capacitance of the dielectric region (due to the dielectric constant) without impacting
the resistance through the interconnects. Advantageously, this can increase the speed of
signal propagation through the interconnect structure and ultimately increase the speed of
the integrated circuit. Of course, the elimination of these layers may also simplify the

fabrication process and help reduce fabrication costs.

[0052] Although it is an aspect of one embodiment of the present invention that a hard
mask not be formed above the interconnect line 112, any existing hard mask may be

removed during the cleaning operations that proceed forming the conductive layer 114 as

14
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desired. For example, in the event of a SiO, hard mask, a solution containing diluted
hydrofluoric acid or similar agent may be used to dissolve and remove the hard mask. As
discussed above, removal of this layer may lead to improved performance and reliability

for the integrated circuit.

[0053] Figure 7 shows a cross-sectional view of a portion of an integrated circuit substrate
after forming an opening 118 in the dielectric layer 116 of Figure 6 over the first
interconnect line. The opening spans the entire thickness of the layer down to but not
substantially into the conductive layer 114. The opening may have a width that is
sufficient to accommodate a via plug, which width may be narrower than the width of the
interconnect line 112. The term via is sometimes used in the art to describe both an
opening in the dielectric in which the structure will be completed, and the completed
structure itself. In the present disclosure, unless otherwise specified, via refers to the

completed structure including a via plug within the opening.

[0054] The opening may be formed by selectively removing dielectric material relative to
material of the conductive layer. In one instance, the opening may be formed by using
masking and lithography methods, such as those used to pattern the trench 106 of Figure 1,
followed by an etch to remove dielectric material from the opening 118 without removing
(or significantly removing) material from the conductive layer 114. The conductive layer
114 may be an etch stop layer for formation of the via opening. One exemplary etch that
is suitable to remove dielectric material, such as a fluorinated oxide of silicon or carbon
doped oxide of silicon, without significantly removing the conductive layer, is a dry etch

with a reactive plasma or ionized gas of oxygen/nitrogen or fluorine.

[0055] Figure 8 shows a cross-sectional view of a portion of an integrated circuit substrate
after removing dielectric material from around the top of the opening 118 of Figure 7 to
form opening region 118A having a width that is sufficient to accommodate an

interconnect line. The dielectric material may be removed by using mask, lithography,
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and selective etch operations such as those used to form the opening 118 of Figure 7. An
alternate embodiment of the present invention is also contemplated wherein the region
118A may be formed, including by an etch chemistry that need not be selective to the
layer 114 before forming the opening 118B by selectively etching down to but not

significantly into the layer 114.

[0056] After any desired cleaning of exposed surfaces with cleansers that are compatible
with the conductive layer 114, liner layer 122 may be formed respectively on the inmer
surfaces of the opening 118 of Figure 8. Typically, these layers are formed by CVD,
PVD, or ALD of a material such as those used for layer 108 of Figure 2, although this is

not required.

[0057] Figure 9 shows a cross-sectional view of a portion of an integrated circuit substrate
after adding conductive material 124 to fill the opening 118 of Figure 8. Adding the
conductive material may include forming a layer of conductive material, such as that of
112, on the dielectric layer 116 and within the opening 118 by a suitable deposition
method, and then removing portions of the formed layer that are outside the opening 118
by planarization with CMP (e.g., by a damascene process). Several other approaches that

are contemplated will be discussed below.

[0058] Figure 10 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming a conductive electrolessly deposited layer 126 on top of the
conductive interconnect material 124 of Figure 9. The layer may be formed by pre-
cleaning, electroless deposition, post-cleaning, and annealing, such as previously disclosed

in regards to the layer 114 of Figure 5, although this is not required.

[0059] Accordingly, Figures 1-10 show a method for forming an interconnect structure
containing a conductive layer formed over an interconnect line, the conductive layer
serving as an etch stop landing for fabrication of a via over the interconnect line, and the

conductive layer serving as a shunt for passage of electrical current between the conductor
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124 and the intercomnect 112 during device operation. It is to be appreciated that
additional levels may be formed over the interconnect structure of Figure 10. It is also to
be appreciated that the interconnect line 112 of Figure 4 may be connected within circuit

component in the substrate 102.

II. Interconnect Structure Containing Conductive Electrolessly Deposited Eich Stop For

Unlanded Via

[0060] Figures 11-12 show cross-sectional views of substrates representing different
stages of a method for fabricating an interconnect structure containing a conductive
electrolessly deposited etch stop layer and an unlanded via formed in regions both over
and under the conductive layer, in accordance with one embodiment of the present

invention.

[0061] Figure 11 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming an opening 128 in the dielectric layer 116, the dielectric layer 104,
the layer 108, and potentially a portion of the copper 112 of a substrate similar to that
shown in Figure 6. The opening may be patterned by well-known mask and lithography
operations, with a portion of the pattern for the opening overlying the layer 114 and
another portion of the pattern overlying dielectric at a left-hand side of the layer 114,
followed by an etch that is selective to etch the dielectric materials without significantly
etching the layer 114. That is, the layer 114 may be used as an etch stop layer. The etch
may form a first opening portion above the layer 114 and a second overetch opening
portion 130 in the dielectric layer 104 alongside the interconnect line 112 and below the
layer 114. As desired, a longer or harsher etch may be used to remove a portion of the

liner layer 108 and the interconnect line 112.

[0062] Figure 12 shows a cross-sectional view of a portion of an integrated circuit
substrate containing a multiple level interconnect structure, in accordance with one

embodiment of the present invention. The interconnect structure may be created by
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removing dielectric material at the top of the opening 128, to allow the opening to
accommodate an interconnect line, forming a liner and seed layer 132 within the modified
opening, forming conductive material 134 representing an interconnect line and via over
the liner and seed layer, and then forming a conductive layer 136 on the interconnect line
of 134. Each of these structures may be formed as previously described, or by other
techniques that are well known in the semiconductor processing arts. If PVD process is
used to deposit liner and seed layer 132, an electroless deposition process, such as
previously described, may be used to make PVD liner/seed continuous in a high aspect

ratio structure.

IIL. Interconnect Structure Containing Conductive Electrolessly Deposited Etch Stop For

Unlanded Via Containing Conductive Electrolessly Deposited Via Plug

[0063] Figures 13-14 show cross-sectional views of substrates representing different
stages of a method for fabricating an interconnect structure containing a conductive
electrolessly deposited via plug 138, in accordance with one embodiment of the present

invention.

[0064] Figure 13 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming a via 138 by electrolessly depositing a cobalt or nickel material on
a bottom portion of an opening 140 to accommodate an unlanded via and an interconnect
line. The material is selectively deposited on exposed active surfaces of the layer 114, the
liner 108, and any exposed portions of the interconnect line 112. The via may be grown
from these active surfaces to fill the opening. Deposition may be stopped when the
desired via plug size has been obtained. The use of such electrolessly deposited via plugs
may be desired for narrow, high aspect ratio openings, such as those having a width that is
between about 0.05-0.075 micrometers (a micrometer is 1/1,000,000 of a meter), since the

electroless deposition process is able to deposit material uniformly within such spaces.
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[0065] Figure 14 shows a cross-sectional view of a portion of an integrated circuit
substrate containing a multiple level interconnect structure containing a conductive
electrolessly deposited via plug containing a cobalt or nickel material, in accordance with
one embodiment of the present invention. The interconnect structure may be created by
forming a liner layer 142 on exposed portions of the remaining opening 140 of Figure 13,
forming an interconnect line 144 on the liner layer, and a forming an conductive
electrolessly deposited layer 146 on the interconnect line. Each of these structures may be
formed as previously described, or by other techniques that are well known in the

semiconductor processing arts.

[0066] It is an aspect of one embodiment of the structure shown in Figure 14 that a
composition of the plug 138 be different than a composition of the liner 142. For example,
in the case of an alloy containing boron and phosphorous, the boron and phosphorous may
enhance the diffusion barrier of a material, which may be useful for a liner layer, while at
the same time increasing slightly the electrical resistance, which may not be desired for a
via. Accordingly, the plug may have a lesser total concentration of boron and
phosphorous relative to the liner layer. In one particular instance, the plug 138 may
contain <10at% phosphorous and <5at% boron and the liner layer 142 may have >10at%

phosphorous and >5at% boron.

V. Interconnect Structure Containing Conductive Electrolessly Deposited Etch Stop For

Unlanded Via Containing Conductive Electrolessly Deposited Liners

[0067] Figures 15-16 show cross-sectional views of substrates representing different
stages of a method for forming a conductive electrolessly deposited liner layer 150
between conductive interconnect materials 152 and dielectric materials 104, 116 in

accordance with one embodiment of the present invention.

[0068] Figure 15 shows a cross-sectional view of a portion of an integrated circuit

substrate after forming a liner layer 150 on exposed surfaces of an opening 148 to
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accommodate an unlanded via and interconnect line. Prior to forming the liner layer, the
exposed surfaces of the dielectric layers 104 and 116 may be activated for electroless
deposition. This may include using PVD to deposit a thin layer of an active metal such as
copper, cobalt, or nickel. This may be followed by electroless deposition of a cobalt or
nickel alloy on the activated surfaces. In one particular embodiment of the present
invention, about a monolayer of cobalt is sputtered or thermally evaporated onto the entire
inner s urface o fthe opening and then a c obalt-boron-phosphorous alloy is electrolessly
deposited on the cobalt. Compared to prior art barrier layers formed by PVD and like
deposition methods, the electrolessly deposited liner layer may have more conformal and
uniform coverage of the exposed surfaces. This may be particularly true in high aspect
ratio openings and may make the use of electroless deposition desirable for such
structures. The present inventors have found that a thin liner layer of cobalt-boron-
phosphorous alloy having a thickness of less than about 10 nanometers may provide an
effective barrier to electromigration of copper due to for instance current flow. However,

thin layers are not required.

[0069] Figure 16 shows a cross-sectional view of a portion of an integrated circuit
substrate after filling the opening 148 of Figure 15 with conductive interconnect materials
152, representing a via and an interconnect line, on the liner layer 150, and after forming a
conductive electrolessly deposited metal layer 154 over the top surface of the conductive
interconnect materials 152. According to one embodiment of the present invention, a
copper material may be deposited on the liner layer by using an electroless or
electroplating process. As desired, the surface of the liner layer may be cleaned or pre-
wet, prior to depositing conductive interconnect materials, with an aqueous solution
containing a suitable surfactant. The conductive layer 154 may be formed as previously
described, and it should be noted that the layer may form on the liner layer 150 in addition

to on the conductive interconnect material 152.
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V. Interconnect Structure Containing Inlaid Conductive Electrolessly Deposited Etch Stop

For Via Fabrication

[0070] Figures 17-18 show cross-sectional views of substrates representing different
stages of a method for fabricating an -interconnect structure containing an inlaid
conductive electrolessly deposited layer formed over an interconnect line, in accordance

with one embodiment of the present invention.

[0071] Figure 17 shows a cross-sectional view of a portion of an integrated circuit
substrate containing a recessed interconnect line 156 formed by removing material from a
top exposed surface of an interconmect line similar to line 112 of Figure 4. In one
embodiment of the present invention. The material may be a copper material that is
removed by using a chemical etch with a weak solution of sulfuric acid that preferentially
etches the copper material over dielectric materials such as fluorinated oxide of silicon or
carbon doped oxide of silicon. This may allow recessing the interconnect line relative to
the dielectric layer. It is also contemplated that the etching could be performed during a
post-planarization ¢ leaning o peration b y including sufficient amounts o f copper e tching
agents in the cleanser (more than would be used if recessing the interconnect line was not
desired). Suitable etching agents include acids such as sulfuric acid, ammonium

hydroxide, and others.

[0072] Figure 18 shows a cross-sectional view of a portion of an integrated circuit
substrate after forming an inlaid conductive electrolessly deposited layer over the
interconnect line 156 of Figure 17. A planar surface may be created by selective
electroless deposition until the planar surface is achieved, or a CMP planarization may be

performed after the deposition.

V1. Use in Computer Systems
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[0073] Interconnect structures such as those described herein may be used in chips,
integrated circuits monolith devices, semiconductor devices, and microelectronic devices
as they are generally understood in the field. These integrated circuits may contain circuit
components to that are electrically coupled with the interconnect structure to receive
signals from the interconnect structure. One exemplary integrated circuit is a

microprocessor.

[0074] Integrated circuits containing the interconnect structures disclosed herein may be
incorporated in various forms electrical systems including computer systems (e.g.,
portable, laptop, desktop, server, mainframe, etc.). Figure 19 shows an exemplary
computer system 170 that includes a microprocessor 172 containing a semiconductor
substrate 174 having microprocessor logic components formed therein and an interconnect
structure 173, in accordance with an embodiment of the present invention, to provide
electrical signals to the components. The logic components executes instructions based on
signals received through the interconnect structure. The computer system may contain
other conventional components electrically connected with one another including but not
limited to a bus 176 to communicate data, a main memory 178, a read only memory 180,
and a mass storage device 182 to store data, a display device 184 to display data, a
keyboard 186 to enter data, a cursor control device 188 to enter data, and a communication
device 190 to link to other electrical systems. In one instance the microprocessor receives
data from a memory through the bus and c ommunicates a representation of the data to

logic components in the semiconductor substrate through the interconnect structure.

[0075] Thus, novel interconnect s tructures and m ethods for fabricating the interconnect
structures have been disclosed. While the invention has been described in terms of several
embodiments, those skilled in the art will recognize that the invention is not limited to the
embodiments described, but can be practiced with modification and alteration within the
spirit and scope of the appended claims. The description is thus to be regarded as

illustrative instead of limiting.
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CLAIMS
What is claimed is:
1. A method comprising:

forming a conductive layer containing a metal over a first interconnect line within
a first dielectric layer by depositing the metal over the first interconnect line

through a redox chemical reaction;

forming a second dielectric layer over the first dielectric layer and over the

conductive layer;

forming an opening in the second dielectric layer over the first interconnect line by
removing material from the second dielectric layer selectively relative to removal

of metal from the conductive layer; and

.

forming a via over the conductive layer by adding a conductive material into the

opening.

2. The method of claim 1, wherein removing material from the second dielectric layer
selectively relative to removal of metal from the conductive layer comprises using
the conductive layer as an etch stop layer for etching dielectric material over the

first interconnect line.

3. The method of claim 1, wherein forming the second dielectric layer comprises
depositing dielectric material directly on the first dielectric layer and directly on

the conductive layer.

4. The method of claim 1, wherein forming the conductive layer by depositing the
metal over the first interconnect line through the reaction comprises electrolessly

depositing the metal through a reaction between a compound containing a metal
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that is selected from the group consisting of a cobalt containing compound and a
nickel containing compound, a reducing agent, and a copper atom of the first

interconnect line.
The method of claim 4:

wherein the compound containing the metal comprises a compound that is selected

from the group consisting of a complex of cobalt and a complex of nickel; and

wherein the reducing agent comprises a reducing agent that is selected from the
group consisting of a reducing agent containing boron and a reducing agent

containing phosphorous.

The method of claim 1, further comprising cleaning an exposed surface of the first
interconnect line prior to forming the conductive layer with a cleaner that contains
an etching agent to etch the conductive interconnect material and that contains a

reducing agent to reduce the conductive interconnect material.

The method of claim 1, wherein forming the via comprises electrolessly depositing
ameta] containing an atom that is selected from the group consisting of a cobalt

atom and a nickel atom into the opening.
The method of claim 1:

wherein forming the opening comprises forming a first opening portion that is over
the conductive layer and a second opening portion that is adjacent the first

interconnect line below the conductive layer; and

wherein forming the via comprises adding the conductive material into the first

opening portion and into the second opening portion.
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The method of claim 9, wherein adding the conductive material comprises
electrolessly depositing a metal selected from the group consisting of a cobalt alloy
and a nickel alloy into the first opening portion and into the second opening

portion.

The method of claim 1, wherein forming the via comprises forming a liner layer on
a sidewall of the opening by depositing a metal that is selected from the group
consisting of a cobalt alloy and a nickel alloy on a dielectric material of the
sidewall and filling the lined opening with a conductive material containing

copper.

The method of claim 1, wherein forming the conductive layer comprises forming
an inlaid conductive layer by removing material from a top of the first interconnect

line and depositing the metal where the interconnect line material was removed.
A method comprising:
forming a first dielectric layer over a substrate;

forming a first interconnect line within the layer by forming a first opening in the

Jayer and adding a conductive material to fill the opening;

forming a conductive layer by depositing a metal on the first interconnect line

through a redox chemical reaction;

forming a second dielectric layer on the first dielectric layer and on the conductive

layer;

forming a second opening in the second dielectric layer over the first interconnect
line by etching second dielectric layer material over the first interconnect line and

by using the conductive layer as an etch stop layer;
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forming a via over the conductive layer by adding a conductive material to the

second opening; and

forming a second interconnect line over the via within the second dielectric layer

by adding a conductive material to the second opening over the via.
The method of claim 12:
wherein forming the first interconnect line comprises depositing copper; and

wherein forming the conductive layer comprises electrolessly depositing the metal
through a redox chemical reaction between a compound containing a metal that is
selected from the group consisting of cobalt and nickel, a reducing agent, and an

active copper atom of the first interconnect line.

The method of claim 12, further comprising cleaning an exposed surface of the
first interconnect line, prior to forming the conductive layer, with a cleanser that
contains an etching agent to etch the first interconnect line and a reducing agent to

reduce the conductive material of the first interconnect line.

The method of claim 12, wherein forming the via comprises electrolessly
depositing a metal selected from the group consisting of a cobalt alloy and a nickel

alloy into the second opening.
The method of claim 12,

wherein forming the second opening comprises forming an over etch region in the
first dielectric layer adjacent the first interconnect line and under the conductive

layer; and

wherein forming the via comprises depositing conductive material into the over

etch region of the second opening,
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The method of claim 16, wherein forming the via comprises depositing copper into

the over etch region.

The method of claim 16, wherein forming the via comprises electrolessly
depositing a metal selected from the group consisting of a cobalt alloy and a nickel

alloy into the over etch region.

The method of claim 12, wherein forming the conductive layer comprises forming
an inlaid conductive layer by removing interconnect line material from a top of the
first interconnect line and depositing the metal where the interconnect material was

removed.

The method of claim 12, wherein forming the via comprises depositing a liner
layer containing a metal selected from the group consisting of a cobalt alloy and a
nickel alloy on a wall of the second opening and depositing a conductive material

containing copper on the liner layer.
A structure comprising:
a first interconnect line;

a conductive layer formed over the first interconnect line, the conductive layer

containing a metal that is selected from the group consisting of cobalt and nickel;
a via formed over the conductive layer; and
a second interconnect line formed over the via.

The structure of claim 21, wherein the conductive layer comprises an electrolessly

deposited metal formed on the first interconnect line.
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The structure of claim 21, wherein the conductive layer comprises an etch stop

layer to stop an etch for forming an opening to accommodate the via.
The structure of claim 21:
wherein the first interconnect line comprises copper; and

1

wherein the metal comprises an alloy that is selected from the group consisting of a

cobalt alloy and a nickel alloy.

The structure of claim 24, wherein the alloy comprises at least 1 atom of boron and

at least 1 atom of phosphorous per 100 atoms of the alloy.

The structure of claim 21, wherein the via contains an electrolessly deposited metal

below the conductive layer and adjacent the first interconnect line.

The structure of claim 21, wherein the via comprises a via plug that contains a

metal that is selected from the group consisting of a cobalt alloy and a nickel alloy.
The structure of claim 21:

wherein the via comprises a liner layer formed on a wall of a dielectric material

that surrounds the via; and

wherein the liner layer contains a metal that is selected from the group consisting

of a cobalt alloy and a nickel alloy.

The structure of claim 21, wherein the conductive layer is inlaid in the first

interconnect line.

The structure of claim 21, further comprising an integrated circuit containing the

structure and containing a semiconductor substrate that has circuit components
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formed therein, the components electrically connected with the interconnect

structure to receive electrical signals from the interconnect structure.

The integrated circuit of claim 30, further comprising a computer system
containing the integrated circuit, a bus electrically coupled with the integrated
circuit, and a memory electrically coupled with the bus, wherein the computer
system is operable to receive data from the memory and communicate the data to

the interconnect structure through the bus.
An integrated circuit comprising:
a semiconductor substrate; and

a multi-level interconnect structure formed over the semiconductor substrate, the

multi-level interconnect structure comprising:
a first interconnect line comprising copper;

a conductive layer formed on the first interconnect line, the conductive
layer containing an electrolessly deposited metal that is selected from the

group consisting of a cobalt alloy and a nickel alloy;
a via formed over the conductive layer; and
a second interconnect line formed over the via.

The integrated circuit of claim 32, wherein the via comprises an electrolessly
deposited metal that is selected from the group consisting of a cobalt alloy and a

nickel alloy.

The integrated circuit of claim 33, further comprising a computer system

containing the integrated circuit to receive data from a memory of the computer
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system and communicate the data to the interconnect structure of the integrated

circuit through a bus of the computer system.
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