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A METHOD FOR MANUFACTURING A LOW DIELECTRIC CONSTANT
INTER-LEVEL INTEGRATED CIRCUIT STRUCTURE

Field of the Invention

The present invention relates generally to semiconductor
manufacturing, and more particularly, in forming low dielectric
constant regions between metallic members to reduce capacitive
coupling and cross-talk.

Background of the Invention

Modern integrated circuits contain thousands of semi-
conducting devices on a single chip and as the device density of a
given chip increases more layers of metallization are required to
inferconnect the devices. Moreover, within a given metal layer, the
horizontal distance separating metallization lines must be reduced in
order to minimize the chip size as integrated circuit device density
increases. At the same time, metallization resistance and B
capacitance must be minimized in order to meet the chip's speed and
performance requirements. Traditionally, the inter-level dielectrics
used to isolate metdallization lines within a same level and
metallization lines in two different levels have been performed using
materials with high dielectric constants. For example, undoped and
doped silicon dioxide layers such as borophosphosilicate glass (BPSG),
phosphosilicate glass (PSG), and plasma and chemical vapor
deposited tetraethylorthosilicate based {TEOS) oxides have been
used as dielectric layers in these multi-metallization structures. The
semiconductor industry's continuing demand for integrated circuits
with ever increasing device densities and operating speeds requires
new dielectric materials having low dielectric constants in order to
reduce cross-talk, capdacitive coupling, and resulting speed
degradation.

However, many of the low dielectric constant materials which
are used to form inter-level and inter-metal dielectric layers are
difficult to work with-because of their poor mechanical strength. in
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addition, many of these materials have processing temperature
limitations, i.e., they cannot be exposed to thermal processing over a
certain temperature once formed on an integrated circuit. In
addition, many of these materials also provide poor thermal
conductivity. Therefore, heat generated during high frequency
operation cannot be effectively dissipated from the integrated
circuit whereby circuit reliability becomes a problem. Accordingly, a
need exists for a method for forming an interconnect structure with a
dielectric layer having a low dielectric constant whereby mechanical
strength disadvantages are reduced, and thermal dissipation is
improved.

Brief Description of the Drawings

FIGs. 1-6 illustrate, in cross-sectional diagrams, process steps for
making an interconnect structure in accordance with one
embodiment of the invention.

FIGs. 7-10 illustrate, in cross-sectional diagrams, process steps

for making an interconnect structure in accordance with an

alternative of embodiment of the invention.

FIGs. 11-15 illustrate, in cross-sectional diagrams, process steps
for making an interconnect structure in accordance with yet another
alternative embodiment of the invention.

FIG. 16 illusirates, in a cross-sectional diagram, an interconnect
structure wherein air gaps are formed by a material deposited via a
non-conformal deposition process in accordance with one
embodiment of the invention.

It will be appreciated that for simplicity and clarity of
illustration, elements illustrated in the FIGURES have not necessarily
been drawn to scale. For example, the dimensions of some of the
elements are exaggerated relative to other elements for clarity.
Further, where considered appropriate, reference numerals have
been repeated among the FIGURES to indicate cormresponding or
analogous elements.
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Description of a Preferred Embodiment

Generally, the present invention involves a method for forming
an interconnect structure in an integrated circuit (IC) wherein RC time
delays or cross-talk between adjacent metal lines is reduced. In one
embodiment of the invention, an interconnect structure is formed
using a first dielectric layer with a high dielectric constant and a
second dielectric layer with a low dielectric constant. In this
embodiment of the invention, the dielectric layer having a low
dielectric constant is formed predominantly between conductive
interconnects and not substantially over the conductive
interconnects. The low-K dielectric material is formed in this manner
after a sacrificial higher-K dielectric layer between the interconnects
has been removed to provide areas between conductive members
which can be filled low-K dielectric material whereby low-K dielectric
material over the conductive members is reduced or eliminated. This
select placement of low-K material to between conductive regions
instead of overlying or underlying conductive member improves
thermal dissipation and mechanical strength while presérving the
advantage of improved isolation associated with the low-K material.

In another embodiment of the invention, an interconnect
structure having reduced cross-talk or RC time delays is formed by
etching a first dielectric layer to form a contact opening. A second
dielectric layer is then deposited wherein the second dielectric layer
has a low dielectric constant. The second dielectric layer is
deposited such that the contact opening in the first dielectric layer is
sealed to form an air region (e.g., the second dielectric can be a low-
K spin-on-resin with a stiff polymer backbone). A portion of the second
dielectric layer is then removed o expose the contact opening
previously sealed by the second dielectric layer. A dual in-laid metal
interconnect is then formed within the contact opening whereby the
low-K second dielectric is positioned between conductive regions
where isolation benefits are achieved while thermal and mechanical
properties are improved.
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in an alternative embodiment of the invention, void/air regions
are formed between adjacent conductive metal interconnect lines
by spinning on a polymeric resin having a stiff polymer backbone. This
stiff backbone material forms qir regions between closely spaced
metal conductive members within the same conductive
interconnect layer. Depending upon the atomic gas content of the
air gaps and atmospheric pressure of formation, the air gaps will
approach a dielectric constant e=1 which is the optimal dielectric
constant for reduction of cross-talk and adverse capacitive coupling
in polysilicon and metal interconnects.

In yet another embodiment of the invention, a non-conformal
dielectric layer is formed overlying adjacent conductive
interconnect lines such that a void/air region is formed between
closely-spaced conductive interconnect lines within the same
conductive inter-connect level. A second dielectric layer is then
formed overlying the non-conformal dielectric layer and planarized to
form a completed inter-level dielectric. The second dielectric layer
and the non-conformal conductive layer are then patterned to form a
contact or via opening which is then filled with conductive material
to form a conductive interconnect. The void region between the two
adjacent conductive interconnect lines reduces cross- |
talk/capacitance between the two conductive interconnect lines so
that circuit speed is improved and logical cross-talk errors are
avoided.

The embodiments of the present invention can be further
understood with reference to FIGs. 1-16.

FiIGs. 1-6 illustrate, in cross-sectional form, process steps for
making an interconnect structure in accordance with a first
embodiment of the invention. Shown in FIG. 1 is a portion 10 of an
integrated circuit structure comprising a first dielectric layer 12, an
etch stop layer 16, and a second dielectric layer 18. In FIG. 1, first
dielectric layer 12, etch stop layer 16, and second dielectric layer 18
are patterned using conventional lithographic and etching
techniques. In a preferred embodiment, first dielectric layer 12, etch
stop layer 16, and second dielectric layer 18 are simultaneously
patterned and etched using a plasma etch chemistry comprising a
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fluorinated etch species. For example, the layers 12, 16, and 18 may
be patterned in a plasma environment which is generated using etch
gases such as CHF3, CF4, CoFg and/or the like. it is important to note
that this etch process defines a contact opening 14 within first
dielectric layer 12 which allows a metallic conductive layer to be
subsequently deposited within the contact opening of FIG. 1 o form a
conductive contact portion 14. This subsequently deposited
conductive layer is used 10 make electrical contact/interconnection
to an underlying conductive region such as another metal layer or a
doped semiconductive region within polysilicon layer or the
semiconductor substrate. The doped region may be a bipolar
electrode, a well contact, a source/drain, a thin film transistor (TFT)
node or a like doped polysilicon or substrate portion. Polysilicon may
be replaced with amorphous silicon, epitaxially grown silicon, or
refractory silicided silicon-containing layers.

in one embodiment, first dielectric layer 12 and second
dielectric layer 18 are formed using the same material. For example,
first dielectric layer 12 and second dielectric layer 18 may be a layer .
of borophosphosilicate glass (BPSG), layers of plasma _
tetraethylorthosilicate (TEOS), phosphosilicate glass (PSG) layers,
silicon dioxide, nitride layers, fluorinated oxide layers, or like dielectric
materials. In another form, the dielectric layer 18 may be made of a
different material from layer 12. First dielectric layer 12, second
dielectric layer 18 are formed using conventional plasma deposition
processes, low pressure chemical vapor position (LPCVD) processes,
or the like. In one embodiment, etch stop layer 16 is a layer of plasma
enhanced silicon nitride when the layers 12 and 18 are oxide.
Alternatively, etch stop layer 16, which can also function as an anti-
reflective coating (ARC) used in lithographic processing, may be a
layer of silicon rich silicon nitride, aluminum nitride, or any dielectric
layer which can be used as an etch-back stopping layer or a chemical
mechanical polishing (CMP) stop layer. Also, silicon oxide nitride
(SION) or silicon rich SION may be used as an etch stop or anti-
reflective coating (ARC) layer herein.
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In FIG. 2, another photoresist and etch process is used to form
interconnect tfrenches within layer 18. The openings through layer 12
in FIG. 1 are contact openings to underlying material whereas the
opening formed through layer 18 in FIG. 2 is an interconnect trench. To
form the interconnect tfrenches of an in-laid metal (damascene)
process, the second dielectric layer 18 is etched selective to etch
stop layer 16 using an etch chemistry environment. This etch process
defines an interconnect region 20 within second dielectric layer 18. 1t
is important to note that dual in-laid metal processing can be
performed in other similar ways than that illustrated in FIGs. 1-2. FIGs.
1-2 are intended to be representative of any method for forming dual
in-laid structures having contact areas and interconnect trenches.

In FIG. 3, a conductive layer of material is then deposited within
contact portion 14 and interconnect portion 20. This conductive
layer of material is subsequently planarized by CMP and/or efch
processing to form conductive interconnects 21. In one embodiment,
conductive interconnects 21 are formed by first depositing a thin
barrier layer within contact portion 14 and interconnect portion 20
followed by a thicker conductive layer which more completely fills
conductive portion 14 and interconnect portion 20. It should be
appreciated that interconnect 21 may be formed using conventional
chemical mechanical polishing (CMP) techniques, resist etch back
(REB) techniques, and/or timed plasma etch processing. Any layer or
composite layer comprising titanium nitride, titanium tungsten,
titanium, tantalum, tantalum nitride, tantalum silicon nitride, titanium
silicon nitride, tungsten nitride or other like material may be used as
barier layers for the portions 14 and 20. In addition it should be
appreciated that copper, gold, silver, tungsten, aluminum, any
composite thereof, or the like may be used as the thicker fill materials
fo form interconnect 21 over the barrier layer(s). Moreover,
conductive interconnect 21 may be formed using conventional
chemical vapor deposition (CVD) techniques, electrode plating

techniques, sputtering techniques, and/or selective deposition
techniques.
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In FIG. 4, the remaining portions of second dielectric layer 18
(referred o as sacrificial dielectric layer portions) are selectively
removed to expose portions of etch stop layer 16. It should be
appreciated that the remaining portions of dielectric layer 18 may be
removed using conventional plasma and/or wet etching techniques.
In one embodiment the remaining portions of dielectric layer 18 are
removed using buffered HF solution. Alternatively, the remaining
portions of dielectric layer 18 may be removed using the same etch
process used to define interconnects 21.

In FIG. 5, a third dielectric layer 22 having a low dielectric
constant e is then formed over conductive interconnects 21.
Adequate low-K dielectrics for use herein are such that e £ 3.5. Even
more reduction in cross-talk and capacitive coupling will result when
a low-K dielectric having e < 3.0 is ufilized. Preferably, from a
capacitive-reduction standpoint, materials with e < 2.7 are optimal as
inter-level dielectrics. Third dielectric layer 22 maybe formed using
conventional spin-on techniques or chemical vapor deposition
techniques. Spin-on polymers or spin on glasses (SOGs) which are best
used for the layer 22 are hydrogen silsesquioxane (HSQ),
benzocyclobutene (BCB), polyimide, and polyarylether (PAE}. For
example, in one embodiment, dielectric layer 22 has a dielectric
constant of approximately e = 3.0 and is a spin-on glass material such
as H3Q.. Alternatively, dielectric layer 22 may be a thermal setting
resin such as BCB which has a dielectric constant of approximately e =
2.6. Alternatively, dielectric layer 22 may be a polyaryl ether such as
PAE or PAE2 having a dielectric constant of approximately e = 2.6. i is
important to note that any dielectric having e £ 3.5 can be utilized to
improve capacitance and cross-talk of TEOS or silicon dioxide which
has a dielectric constant within the range of 3.9 to 4.3. Layer 22 may
be an organic spin-on dielectric or organic dielectric layer formed by
a CVD technique.

In FIG. é, dielectric 22 is then planarized to expose a top portion
of conductive interconnects 21. Typically, the portion of interconnect
21 which is exposed is a top portion of the conductive interconnect
portion 20 as illustrated in FIG. 6. In a preferred embodiment,
dielectric layer 22 is planarized using conventional plasma etching
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techniques and/or chemical mechanical polishing. As shown in FIG. 6,
this planarization results in a formation of an interconnect structure
having a low dielectric constant dielectric layer 22 (e < 3.5) overlying
another dielectric layer 12 and 16 having a higher dielectric constant
(e >3.5). In addition, layer 22 and/or top portions of the conductive
interconnects of FIG. 6 may be covered by an optional anti-reflective
coating (ARC]) layer. It should be appreciated that dielectric layer 22
which has a low dielectric constant improves circuit performance
because capacitance between adjacent interconnect lines is
reduced by lowerK films. Due to the fact that layer 22 does not cover
the entire surface of the wafer (e.g. top portions of 20 are not
covered by layer 22 in FIG. 6), mechanical stability is improved and
thermal properties are increased for the integrated circuit. If copper
is used as a conductive interconnect in FIG. 6, then a capping/barrier
layer may be needed on top of the structure of FIG. 6 to isolate the
copper from overlying materials. -

FIG. 7-10 illustrate, in cross-sectional form, process steps for
making an interconnect structure in accordance with an alternative
embodiment of the invention. Shown in FIG. 7 is a portion 30 of an
infegrated circuit structure comprising an etch stop layer 32, a first
dielectric layer 34, and a photoresist layer 36. Using conventional
photolithographic patterning and etch techniques, etch stop layer 32
and first dielectric layer 34 are etched to form a contact portion 38
within first dielectric layer 34 and to expose an underlying conductive
region (not illustrated in FIG. 7) such as a metal interconnect,
polysilicon, or doped silicon region. Layer 32 is formed using
conventional plasma or chemical vapor deposition techniques and
may be a layer of silicon nitride, silicon rich-silicon nitride or aluminum
nitride and functions as an etch stop layer (ESL) and/or an anti-
reflective coating (ARC) layer. First dielectric layer 34 is also formed
using conventional chemical vapor deposition (CVD) techniques such
as plasma deposition, low pressure chemical vapor deposition
(LPCVD) and the like and may be a layer of BPSG, PSG, TEOS,
fluorinated oxide, or like dielectric materials or composite layers.
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In FIG. 8, photoresist mask 36 is removed and a dielectric layer
40 having a low dielectric constant is formed over dielectiric layer 34
such that contact portion 38 is capped or bridged by dielectric layer
40 and left unfilled {i.e., an air gap 38 is formed in FIG. 8 from the
contact portion 38 of FIG. 7). An antireflective coating (ARC) layer
42 which also serves as a hard mask is then deposited over dielectric
layer 40. In a preferred embodiment, dielectric layer 40 has a
dielectric constant e of 3.0 or less, but can be any material less than e
2 3.5 to confer electrical isolation benefits between adjacent
conductive members. In one embodiment, dielectric layer 40 is
polyphenylquinoxaline (PPQ) and has a dielectric constant of e = 3.0.
Alternatively, dielectric layer 40 may be a layer of polyimide having a
dielectric constant of e = 2.6. The polyimide may be formed from
either a poly{amic) acid solution or a fully imidized polyimide in FIG. 8.
In generdl, the spin-on material used in FIG. 8 to make the layer 40 can
be any material which has a substantially stiff polymer backbone so
that the air regions 38 are at least partially formed in FIG. 8.

To avoid blistering of the air gap 38 of FIG. 8, an anneal step of
the layer 40 should be performed in a thermal ramp manner. The ramp
should start at less than 100°C and arrive, after a selected
temperature ramp time period, at roughly 100°C to 300°C for solvent-
removal annealing of the layer 40. A slower ramp thermal process will
be more likely to avoid any blistering of the air gap 38 than a fast
exposure to high temperatures. Also, a sub-atmospheric spin-on
process can be used to create air gaps 38 with reduced pressure or
fewer trapped molecules/atoms. This sub-atmospheric process can
reduce blistering effects by eliminating a high density of atoms within
the gap 38.

In FIG. 9, conventional photolithographic patterning and
etching techniques are then used to pattern and etch reflective layer
42 and dielectric layer 40 to define interconnect portion 41 within
dielectric layers and to re-expose contact portion 38 which are the
air gaps 38 in FIG. 8. It is important to note that additional etching is
not required to form a contact opening to an underlying metal
interconnect or doped silicon region since the air gaps 38 were
isolated in FIG. 8. In one embodiment, dielectric layer 40 is patterned
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using a plasma comprising oxygen, and photoresist mask 44 used to
define the opening within dielectric layer 40 is removed at the same
time that dielectric layer 40 is etched. Therefore, in this embodiment
the etch process used to pattern dielectric layer 40 also
simultaneously removes some or all of the photoresist mask 44 used to
define the opening within dielectric layer 40.

In FIG. 10, a barrier layer 49 and a conductive film material are
then formed within contact opening 38 and interconnect region 41. A
portion of the barrier layer 49 and the conductive film material are
then selectively removed to form conductive interconnects 48 of FIG.
10. In one embodiment, conductive interconnects 48 are formed
using conventional plasma etching techniques. Alternatively,
connective interconnects 48 may be formed using conventional
chemical mechanical polishing (CMP) techniques. An etch stop layer
46 or anti-reflective coating {ARC) layer 46 is then formed overlying
dielectric 40 and conductive interconnects 48. It should be
appreciated that the process steps illustrated in FIGs. 7-10 may then
be repeated in order to form an additional set of conductive
interconnects overlying conductive interconnects 48 and thus,
integrated circuits having multiple layers of interconnects can be
formed with the present invention. Since the high-K or high dielectric
constant material 40 is: (1) located only between regions 48 where
isolation advantages result; and (2} not located over the entire wafer
to degrade mechanical stability and thermal dissipation, the final
structure of FIG. 10 has advantages over the prior art.

FIGs. 11-15 illustrate cross-sectional process steps for making an
interconnect structure in accordance with an alternative
embodiment of the invention. Shown in FIG. 11 is a portion 50 of an
integrated circuit structure comprising a first dielectric layer 52 and a
plurality of conductive interconnects 54. First, dielectric layer 52 is
formed using conventional plasma or chemical vapor deposition
(CVD) techniques and may be a layer of BPSG, PSG, TEOS, fiuorinated
silicon oxide, or the like. The plurality of conductive interconnects 54
are also formed using conventional photolithographic patterning and
etching techniques. The plurality of conductor interconnects 54 may



10

15

20

25

30

35

11

be formed using doped silicon dioxide, metals, metal salicides or the
like.

In FIG. 12, an optional etch stop layer 56 is then formed
overlying first dielectric layer 52 and overlying the plurality of
conductive interconnects 54. The optional etch stop layer 56 is
formed using conventional plasma or low pressure chemical vapor
deposition techniques and may be silicon dioxide, silicon nitride,
silicon oxynitride, or aluminum nitride. Silicon dioxide is preferred for
layer 56 and layer 56 may be etched to form sidewall spacers in FIG.
12. The layer 56 is also used to compensate for contact misalignment
o the regions 54. If the air regions 60 of FIG. 13 are exposed to
contact openings as illustrated in FIG. 14 and a highly conformal
metdllic depositions process is used, the electrical short circuiting
may result. To avoid this electrical short circuit problem, the spacers
or layer 56 provides the additional benefit of compensating for
photolithographic contact alignment so that the air gaps are either

not exposed or not substantially exposed resulting is metal deposition

problems.

In FIG. 13, a second dielectric layer 58 having a low dielectric
constant is formed overlying etch stop layer 56 to form air gaps 60
between portions of etch stop layer 56 and second dielectric layer 58.
More specifically, as shown in FIG. 13, air gap 60 are formed between
conductive interconnects 54 that are closely spaced to one another
where "closely-spaced” is a function of the stiffness of the polymer
backbone of the spin on resin used for layer 58. In addition, air gap 40
may also be formed along the sidewalls of a given conductive
interconnect 54, as also illustrates in FIG. 12, thereby forming air
spacers. In one embodiment, dielectric 58 is PPQ having a dielectric
constant of less than or equal to 3.5. After layer 58 is spun on to etch
stop layer 56, dielectric layer 58 is annealed at a temperature ranging
from 100-250°C for approximately 30 minutes. Alternatively, dielectric
layer 58 may be a pre-imidized polyimide having a dielectric constant
less than or equal to 3.0. Thermal ramp processing or sub-atmospheric

deposition may be used to avoid or at least reduce any blistering of
the air gaps 60 of FIG. 13.
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In FIG. 14, a third dielectric layer 62 is then formed overlying
second dielectric layer 58. Dielectric layer 62 may be formed using
conventional plasma or low pressure chemical vapor deposition
techniques and may be a layer of BPSG, PSG, TEQS, silane, fluorinated
silicon oxide, a composite dielectric, or like dielectric layer(s).
Conventional photolithographic and patterning techniques are then
used to form via openings extending through third dielectric layer 62,
second dielectric layer 58, and etch stop layer 56 t0 expose a portion
of an underlying conductive interconnect 54. Layer 56 provides mis-
alignment yield enhancement as previously discussed with respect to
FIG. 12. A barrier layer 64 is then formed within via openings and a
conductive fill material 66 is then formed overlying the barrier layer
64. A portion of barrier layer 64 and conductive fill material 66 are
then selectively removed to form conductive vias 68 with via
openings. Barrier layer 64 may be a composite of titanium and
fitanium nitride or a layer of tantalum nitride, a layer of tungsten
nitride or the like as previously discussed herein. Conductive fill
material 66 is formed using conventional deposition techniques and
may be a layer of copper, tungsten, aluminum or a like conductor or
composite conductive layer.

In FIG. 15, a barrier layer 70 and a conductive material layer 72
are then formed overlying conductive vias 68. Barrier layer 70 and
conductive layer material 72 are then patterned using conventional
photolithographic and etching techniques to form conductive
interconnects 74. Barrier layer 70 is formed using conventional
techniques and may be a composite layer of titanium and titanium
nitride or a layer of tungsten nitride, tantalum nitride or the like.
Similarly, conductive layer material 72 is formed using conventional
deposition techniques and may be a layer of tungsten, aluminum,
copper, silver, gold, or the like.

FIG. 16 illustrates in cross-section an interconnect structure in
accordance with an alternative embodiment of the invention.
Shown in FIG. 16 is a portion 60 of an integrated circuit comprising a
first dielectric layer 62, a non-conformal dielectric layer 66, a plurality
of conductive interconnect 64 and a third dielectric layer 70. First
dielectric layer 62 is formed overlying a semiconductor substrate
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using conventional techniques. First dielectric layer 62 may be a layer
of BPSG, a layer of PSG, a layer of fluorinated oxide, or the like. The
plurality of conductive interconnect lines 64 are formed using
conventional photolithographic and etching techniques. The plurality
of conductive interconnect lines 64 may be formed using doped
polysilicon, aluminum, tungsten, metal silicide or a composite of
polysilicon and metdal silicide or the like.

As shown in FIG. 16, at least two of the plurality of conductive
interconnect lines 64 are separated by a distance X. Non-conformal
dielectric layer 66 is then formed overlying the plurality of conductive
interconnect lines 64 such that a sealed void region 68 is formed
between at least two of the conductive interconnect lines within the
plurality of conductive interconnect lines é4. Seadled void regions 68
spans af least 60% of the first distance X which separates two
adjacent conductive interconnect lines 64. It should be appreciated
that non-conformal dielectric layer 66 may be deposited such that
sealed void region 48 spans 70%, 80%, or 90% of the first distance X. In
a preferred embodiment, non-conformal dielectric layer 66 is
deposited using silane as a sourceé gas in a plasma enhanced
chemical vapor deposition (CVD). Alternatively, other source gases
which enhance non-conformal deposition may also be used. A third
dielectric layer 70 is then formed overlying non-conformal dielectric
layers 66 and planarized using conventional techniques. In one
embodiment, third dielectric layer 70 is planarized using conventional
chemical mechanical polishing (CMP) techniques. Alternatively, third
dielectric layer 70 may also be planarized using conventional plasma
etching fechniques. As shown in FIG. 14, the resulting interconnect
structure has void regions between close adjacent conductive
interconnect lines where improved isolation is usually needed. These
void regions have a dielectric constant of approximately 1.0 in a
preferred form and thus reduce RC time delays or cross-talk between
adjacent conductive interconnect lines 64 which are closely spaced.

Thus it is apparent that there has been provided, in accordance
with the present invention, several structures and methods which can
be used fo reduce cross-talk and capacitive coupling in metallic
members overlying an integrated circuit substrate. Although the
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invention has been described and illustrated with reference to the
specific embodiment, it is not intended that the invention be limited
to these illustrative embodiments. Those skilled in the art will
recognize that modifications and variations may be made with
departing from the spirit and scope of the invention. For example,
layer 16 and 12 of FIG. 4 can be trenched after formation of the layer
20 so that layer 22 of FIG. 6 plugs an opening which is slighter deeper
than that currently illustrated in FIG. 4. This deeper region can further
improve isolation between elements 20. Therefore, it is intended that
this invention encompass all variations and modifications as fall within
the scope of the appended claims.
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THIS SHEET HAS BEEN
REPLACED

CLAIMS

What is claimed is:

1. An method for forming a semiconductor device, the me’fhod
characterised in that the steps of:

forming a first conductive region {and a second
conductive region laterally separated from the first
conductive region wherein the first and second
conductive regions are separated by a gap;

forming a dielectric layer having a dielectric constant e
wherein e < 3.5 overlying the first and second
conductive regions, the dielectric layer having a first
portion which fills the gap; and

removing a top portion of the dielectric layer o expose a
top surface of at least-one of the first conductive
region or the second conductive region wherein the
first portion of the dielectric layer remains within the
gap.

2. The method of claim 1 wherein the step of forming a dielectric
layer comprises:
forming a dielectric layer from a material selected from a
group consisting of: HSQ, BCB, polyimide, and PAE.

3. The method of claim 1 wherein the step of forming a dielectric
layer comprises:
forming the dielectric layer having a dielectric
constant e whereine <2.7.
4, The method of claim 1 wherein the step of forming a first
conductive region and a second conductive region comprises:
forming the first conductive region having a low
conductive contact portion and an upper
conductive interconnect portion to form an m-Iold
metal structure. [
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The method of claim 1 further characterised by:
removing a sacrificial dielectric layer located in the gap
before formation of the dielectric layer having a
dielectric constant e within the gap.

A method for forming a semiconductor device, the method
characterised in that the steps of:
- forming a first dielectric layer
forming contact openings in first dielectric layer;
forming a second dielectric layer overlying the first
dielectric layer wherein the second dielectric layer
bridges the contact openings to form contact air
gaps;
forming openings through the second dielectric layer o
expose the contact air gaps and form interconnect
frenches; and
forming conductive material within the contact air gaps
and the interconnect trenches to form a
conductive interconnect wherein conductive
material in the interconnect trenches are
separated by the second dielectric layer.

The method of claim é wherein the step of forming the second
dielectric layer comprises:
forming the second dielectric layer as a low dielectric
constant material having a dielectric constant e
whereine <£2.7.

The method of claim 7 wherein the step of forming the second
dielectric layer comprises:
forming the second dielectric layer as a spln on

polyimide.
IIIIIIII IIIIII IIIII IIIII ll IIII
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9. A method for forming a semiconductor device, the method
characterised in that the steps of:

forming a plurality of separated conductive members

wherein adjacent separated conductive members in
5 the plurality of separated conductive members are

separated by gaps; and

forming a first dielectric layer, via a spin-on process,
overlying the plurality of separated conductive
members whereby at least one of the gaps is bridged

10 by the first dielectric layer to form at least one air
region, wherein the at least one air region has a
dielectric constant less than 2.0 and improves isolation
between at least two separated conductive members
in the plurality of separated conductive members.

15 ,_

10. A method for forming an integrated circuit structure
characterised in that the steps of: |
providing a semiconductar substrate;
forming a first dielectric layer overlying the semiconductor
20 substrate; "
forming a plurality of conductive members overlying the
first dielectric layer, wherein the plurality of
conductive members are separated by a first distance
X;

25 depositing a nonconformal dielectric layer overlying the
plurality of conductive member, wherein the
nonconformal dielectric layer is deposited using
plasma enhanced chemical vapor deposition and
forms a sealed void region between at least two of

30 the conductive members in the plurality of conductive
members, the sealed void region spanning at least 50
percent of the first distance X; and

forming a second dielectric layer, the second dielectric

layer overlying the sealed void reglon cnd | the first
35 dielectric layer. e
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