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(7) ABSTRACT

A method for reducing the coupling capacitance between
adjacent electrically conductive interconnect lines of an
integrated circuit. An electrically conductive layer is depos-
ited and etched to produce electrically conductive intercon-
nect lines having negatively sloped sidewalls. An insulating
layer is deposited on the electrically conductive interconnect
lines using a directional deposition to create a void between
and directly adjacent electrically conductive interconnect
lines. The void has a substantially lower dielectric constant
than the material of the insulating layer, which reduces the
coupling capacitance between adjacent electrically conduc-
tive interconnect lines.
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COUPLING CAPACITANCE REDUCTION

FIELD

[0001] This invention relates generally to the field of
integrated circuit fabrication, and in particular the invention
relates to reducing the coupling capacitance between closely
spaced electrically conductive interconnect lines, or in other
words reducing the effective dielectric constant of the mate-
rial between closely spaced electrically conductive intercon-
nect lines.

BACKGROUND

[0002] During fabrication of an integrated circuit, a vari-
ety of layers of electrically insulating materials and electri-
cally conducting materials are typically deposited on a
substrate. The layers are patterned by selectively removing
portions of the layers, to form the desired electrical circuits.
The need for faster and more complex integrated circuits
provides incentive to decrease the size of the integrated
circuits. As the size of the integrated circuit decreases, the
size of the electrically conductive interconnects between the
various components of the integrated circuit also tends to
decrease. For proper performance of the integrated circuit, it
is desirable to maintain high reliability and low electrical
resistance while decreasing both the size of the electrical
interconnects and the spacing between adjacent electrical
interconnects.

[0003] Highly conductive materials, such as metals, are
often used for forming the electrically conductive intercon-
nect lines of integrated circuits. As the size of and spacing
between the electrically conductive interconnect lines
decreases, the capacitance between closely spaced intercon-
nects tends to increase, causing a generally commensurate
increase in cross talk and power dissipation between adja-
cent interconnect lines. Cross talk is the signal interference
between electrically conductive interconnect lines, which
tends to adversely affect signal integrity and signal strength.
Power dissipation is the dynamic power drained by
unwanted capacitance charging and discharging in a circuit.

[0004] What is needed, therefore, is a method for reducing
coupling capacitance between adjacent electrically conduc-
tive interconnect lines in an integrated circuit.

SUMMARY

[0005] These and other needs are provided by a method
for reducing the coupling capacitance between electrically
conductive interconnect lines of an integrated circuit. A
conductive layer is deposited on a substrate, and etched to
define electrically conductive interconnect lines having
negatively sloped sidewalls. The negatively sloping side-
walls of adjacent electrically conductive interconnect lines
form undercut gaps in the conductive layer. An insulating
layer is deposited on the etched conductive layer using a
directional physical vapor deposition to cover the undercut
gaps and form a void in each of the undercut gaps. The void
is directly adjacent the negative sloping sidewalls of adja-
cent electrically conductive interconnect lines.

[0006] In another aspect the invention provides an inte-
grated circuit having closely spaced electrically conductive
interconnect lines. A void is formed between and directly
adjacent undercut sidewalls of adjacent electrically conduc-
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tive interconnect lines. The void preferably has a dielectric
constant that is less than about two.

[0007] An advantage of the invention is that it provides an
integrated circuit having air gaps between electrically con-
ductive interconnect lines so that more closely spaced inter-
connect lines can be provided on a substrate surface. Fur-
thermore, the dielectric constant of the void between
adjacent interconnect lines tends to be substantially lower
than those of the insulating materials that are typically used,
such as silicon oxide. Because of the negatively sloping
sidewalls of the adjacent interconnect lines, the void space
in the gap is preferably relatively high, resulting in a
relatively small effective dielectric constant, which in turn
results in a substantially lower effective capacitance between
adjacent electrically conductive interconnect lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Further advantages of the invention are apparent by
reference to the detailed description when considered in
conjunction with the figures, which are not to scale so as to
more clearly show the details, wherein like reference num-
bers indicate like elements throughout the several views, and
wherein:

[0009] FIG. 1 is a cross sectional view of an electrically
conductive layer on a substrate,

[0010] FIG. 2 is a cross sectional view of the electrically
conductive layer on a substrate with a patterned layer of
photoresist,

[0011] FIG. 3 is a cross sectional view of an etched
electrically conductive layer on a substrate,

[0012] FIG. 4 is a cross sectional view of negatively
sloped sidewalls of adjacent electrically conductive inter-
connect lines,

[0013] FIG. 5 is a cross sectional view of a layer sealing
a void between adjacent electrically conductive interconnect
lines, and

[0014] FIG. 4 is a cross sectional view of the planarized
layer over the void.

DETAILED DESCRIPTION

[0015] Referring now to FIG. 1, a method is provided for
reducing the coupling capacitance between the closely
spaced electrically conductive interconnect lines of an inte-
grated circuit 10. The integrated circuit 10 preferably
includes one or more active or passive elements that are
electrically connected by electrically conductive intercon-
nect lines An electrically conductive material such as gold,
aluminum, copper, tin, tantalum, titanium, platinum, tung-
sten, molybdenum, polysilicon, or a mixture or alloy of two
or more of the foregoing is deposited on a substrate 12 to
provide an electrically conductive layer 14. The electrically
conductive layer 14 is preferably substantially evenly depos-
ited over the whole surface of the substrate 12. The substrate
12 may further comprise a plurality of various layers. Most
preferably, the topmost layer of the substrate 12 on which
the electrically conductive layer 14 is deposited is a non
electrically conductive, or insulating layer.

[0016] Referring now to FIG. 2, a masking layer 16, such
as photoresist, is deposited on the conductive layer 14. The
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masking layer 16 is preferably patterned using conventional
photolithography techniques to provide an opening 18 in the
masking layer 16, which opening 18 corresponds to the
spacing between adjacent interconnect lines that are to be
formed in the conductive layer 14.

[0017] As illustrated in FIG. 3, gap 20 between adjacent
electrically conductive interconnect lines is formed in the
conductive layer 14 by a process such as plasma etching the
conductive layer 14 through the opening 18 in the masking
layer 16. Etching of the conductive layer 14 is preferably
conducted in a manner whereby the sidewalls 22 of the gap
20 have a negative slope, or in other words, where the
sidewalls 22 of the gap 20 are closer together at the top of
the gap 20 than they are at the bottom of the gap 20.

[0018] Without being bound to a particular method of
formation of the gap 20, or a particular theory of how the
negative slope of the sidewalls 22 of the gap 20 are formed,
the gap 20 may be plasma etched in the absence of a
magnetic field. During an initial etching period, polymer
forming gases, such as halogenated methane and the like are
used to form polymeric substances on the sidewalls 22 of the
conductive layer 14 as they start to be formed, thereby
passivating the upper portions of the sidewalls 22 so that
boron halide species such as BCl; anisotropically etch the
conductive layer 14. However, unlike conventional etching
processes, after about ten to about fifteen seconds into the
etching process, the plasma chamber is purposefully
depleted of polymer forming gases so that the lower portions
of the sidewalls 22 of the conductive layer 14 are not
passivated.

[0019] At this point in the etching process, the conductive
layer 14 is etched isotropically, resulting in undercut regions
and negatively sloping sidewalls 22 as illustrated in FIG. 3.
The process produces a gap 20 in the conductive layer 14,
where the width 24 at the top of the gap 20 is substantially
smaller than the width 26 at the bottom of the gap 20. The
etching process thus produces ledges or overhangs 28 in the
conductive layer 14 at the top of the gap 20, as depicted in
FIG. 4.

[0020] Regardless of the exact process used to form the
overhangs 28 in the conductive layer 14, the overhangs 28
preferably enable the formation of a sealed void 34 in the
conductive layer 14, as depicted in FIG. 5. A dielectric layer
30 is preferably deposited on top of the etched conductive
layer 14 under conditions sufficient to form the void 34 in
the gap 20. The dielectric layer 30 is preferably a layer of
substantially non electrically conductive material such as,
but not limited to silicon nitride, silicon oxide such as silicon
dioxide, boron nitride, and silicon carbide. A particularly
preferred dielectric layer 30 is a silicon oxide layer depos-
ited with a modified silane physical vapor deposition pro-
cess.

[0021] The deposition reactor in which the dielectric layer
30 is deposited is preferably detuned and highly directional
to provide poor step coverage of the dielectric layer 30 over
the gap 20 in the conductive layer 14. Accordingly, a deposit
32 of the dielectric material may be deposited in the gap 20.
However, the portions of gap 20 directly adjacent the
sidewalls 22 of the conductive layer 14 are filled with the
void 34 created in the gap 20. In other words, the dielectric
material 32 formed at the bottom of the gap 20 preferably
does not substantially contact the sidewalls 22 of the con-
ductive layer 14.
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[0022] Most of the void 34 is not filled with any solid
material. The void 34 preferably extends substantially com-
pletely across the gap 20 between the negatively sloping
sidewalls 22 of the gap 20, as depicted in FIG. 5. In other
words, there is preferably substantially no deposited mate-
rial on the negatively sloped sidewalls 22, or on a substantial
portion of the substrate 12 at the bottom of the gap 20. Thus,
according to the method of the present invention, it is
preferred that a minimal amount of material be deposited
within the gap 20, and that the void 34 comprise a relatively
large portion of the gap 20. However, the deposited dielec-
tric material 32 may contact the layer 30 of dielectric
material, as depicted in FIG. 6.

[0023] The void 34 may be filled with any one of a number
of gases, such as the precursor gases used during the
deposition process whereby the dielectric layer 30 was
formed. Most preferably the void 34 is filled with air. By
filling the gap 20 between the interconnect lines formed in
the conductive layer 14 with a gas that has a dielectric
constant that is preferably less than the dielectric constant of
the insulating material used to form the dielectric layer 30,
which for the materials most commonly used is no less than
about two, the capacitive coupling between adjacent inter-
connect lines is preferably commensurately reduced. The
effective dielectric constant of the void 34 is preferably
between about one and about one and a half. The gas within
the void 34 may be at a pressure that is alternately greater
than, less than, or substantially equal to atmospheric pres-
sure.

[0024] After depositing the dielectric layer 30 on the
etched conductive layer 14, the dielectric layer 30 is pref-
erably planarized, such as with a chemical mechanical
polish, as depicted in FIG. 6. Additional layers may be
selectively deposited on the planarized dielectric layer 30
and the process of etching the layers is repeated to create an
integrated circuit having relatively low coupling capacitance
between adjacent interconnect lines.

[0025] The foregoing description of preferred embodi-
ments for this invention have been presented for purposes of
illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise form
disclosed. Obvious modifications or variations are possible
in light of the above teachings. The embodiments are chosen
and described in an effort to provide the best illustrations of
the principles of the invention and its practical application,
and to thereby enable one of ordinary skill in the art to utilize
the invention in various embodiments and with various
modifications as is suited to the particular use contemplated.
All such modifications and variations are within the scope of
the invention as determined by the appended claims when
interpreted in accordance with the breadth to which they are
fairly, legally, and equitably entitled.

What is claimed is:

1. A method for reducing the coupling capacitance
between electrically conductive interconnect lines of an
integrated circuit, the method comprising the steps of:

depositing a conductive layer on a substrate,

etching the conductive layer to define the electrically
conductive interconnect lines, where the electrically
conductive interconnect lines have sidewalls with
negative slopes, the negatively sloping sidewalls of
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adjacent electrically conductive interconnect lines
forming undercut gaps in the conductive layer, and

depositing an insulating layer on the etched conductive
layer using a directional deposition to cover the under-
cut gaps and to form a void in each of the undercut
gaps, where the void is directly adjacent the negative
sloping sidewalls of adjacent electrically conductive
interconnect lines.

2. The method of claim 1 wherein the void is filled with
air.

3. The method of claim 1 further comprising planarizing
the insulating layer with a chemical mechanical polishing
process.

4. The method of claim 1 wherein the insulating layer
comprises silicon oxide formed in a silane process.

5. The method of claim 1 wherein the dielectric constant
of the void between adjacent electrically conductive inter-
connect lines is less than about two.

6. The method of claim 1 wherein the etching step
comprises etching the conductive layer with a plasma con-
taining a polymerizing gas for no more than about fifteen
seconds and then substantially removing the polymerizing
gas from the plasma while etching of the conductive layer is
completed.

7. An integrated circuit, the improvement comprising
electrically conductive interconnect lines formed according
to the method of claim 1.

8. An integrated circuit having closely spaced electrically
conductive interconnect lines, wherein the improvement
comprises a void formed between and directly adjacent
undercut sidewalls of adjacent electrically conductive inter-
connect lines, the void having an effective dielectric constant
that is less than about two.

9. The integrated circuit of claim 8 wherein the void is
bounded at a top of the void by a dielectric layer that is
planarized using a chemical mechanical polish.

10. The integrated circuit of claim 9 wherein the dielectric
layer comprises silicon oxide.

11. The integrated circuit of claim 8 wherein the electri-
cally conductive layer is formed on an insulating layer.

12. The integrated circuit of claim 8 wherein the conduc-
tive layer is etched with a plasma containing a polymerizing
gas for no more than about fifteen seconds and then the
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polymerizing gas is substantially removed from the plasma
while etching of the conductive layer is completed.

13. The integrated circuit of claim 8 wherein a dielectric
layer is deposited on the etched conductive layer with a
direction deposition that substantially preserves the void
between adjacent electrically conductive interconnect lines.

14. A method for reducing the capacitance between adja-
cent electrically conductive interconnect lines of an inte-
grated circuit, the method comprising the steps of:

depositing a substantially continuous conductive layer on
a substrate,

etching the conductive layer to define the electrically
conductive interconnect lines, where the electrically
conductive interconnect lines have sidewalls with
negative slopes, the negatively sloping sidewalls of
adjacent electrically conductive interconnect lines
forming undercut gaps in the conductive layer,

depositing an insulating layer on the etched conductive
layer using a directional physical vapor deposition to
cover the undercut gaps and to form a void in each of
the undercut gaps, where the void is directly adjacent
the negative sloping sidewalls of adjacent electrically
conductive interconnect lines, and

planarizing the insulating layer with a chemical mechani-
cal polishing process,

where the void between adjacent electrically conductive
interconnect lines has an effective dielectric constant
that is less than about two.

15. The method of claim 14 wherein the void contains air.

16. The method of claim 14 wherein the insulating layer
comprises silicon oxide.

17. The method of claim 14 wherein the etching step
comprises etching the conductive layer with a plasma con-
taining a polymerizing gas for no more than about fifteen
seconds and then substantially removing the polymerizing
gas from the plasma while etching of the conductive layer is
completed.

18. An integrated circuit, the improvement comprising
electrically conductive interconnect lines formed according
to the method of claim 14.
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