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of the Invention The present invention relates generally to a process for
forming a semiconductor device, and more particularly, to a process for
forming an interconnect structure in a semiconductor and its method of
formation. Background of the Invention Semiconductor devices are continuing
to being scaled to smaller dimensions. As the size of interconnects making
up the various levels of the semiconductor devices continue to decrease, so
to does the spacing between them. The combination of smaller linewidths and
spacing introduces new problems with respect to the interconnects
resistance and capacitance. The smaller linewidth dimensions increases the
resistance (R) of the conductive lines. The reduction in spacing between
conductive lines increases the capacitance (C) between them. The associated
resistance-capacitance (RC) coupling introduces problems with respect to
propagation delay, crosstalk noise, and power dissipation of the device
circuitry. Copper interconnect technology and low dielectric constant
(low-k) materials are two areas currently being developed by semiconductor
device manufacturers in an effort to overcome the problems associated with
increasing resistance and capacitance. The dielectric constant of a
material separating two conducting films directly impacts the interconnect
capacitance of a semiconductor device. To address these problems, new
materials having lower dielectric constants are being investigated to
replace dielectric films commonly used in semiconductor device fabrication.
Air has a dielectric constant, or k value equal to one, and is considered
to be the perfect insulator. Commonly used silicon dioxide (Si02), by
comparison, has a dielectric constant of approximately 4.2. For the
purposes of this specification, a low-k material for use as a semiconductor
insulator is any material having a dielectric constant less than
approximately 3.5.    a 2 23 DEC 2002 In one particular interconnect
scheme, a dual inlaid structure is formed. After forming a first
interconnect level, an interlevel dielectric (ILD) layer having a dual
inlaid opening is formed. One technique in the prior art uses three
relatively high dielectric constant hardmask films with low-k dielectric
films layered between them. The dual inlaid structure is formed by opening
a via and a trench in the dielectric films using a "via first, trench last"
or "trench first, via last" processing sequence. Following these steps, an
interconnect structure is formed within the trench and the via opening. One
problem with the prior art includes its use of chemically vapor deposited
silicon nitride materials, including plasma enhanced silicon nitride or
silicon oxynitride compounds to form a hardrnask film that separates the
low-k dielectric films. These materials have a relatively high dielectric
constant (i.e., greater than five) that increases the total dielectric
constant of the ILD layer and raises the lineto-line capacitance within the
device. Additionally, the use of multiple hardmask films further
complicates the manufacturing process by requiring additional film
depositions and etch processes to be incorporated into the process flow in
order to manufacture the semiconductor device. Brief Description of the
Drawings The present invention is illustrated by way of example and not
limitation in 



the accompanying figures, in which like references indicate similar
elements, and in which: FIG. 1 includes an illustration of a
cross-sectional view of a portion of a semiconductor device substrate after
forming a first interconnect layer; FIG. 2 includes an illustration of a
cross-sectional view of the substrate of FIG. 1 after forming an interlevel
dielectric (ILD) layer overlying the first interconnect layer in accordance
with an embodiment of the present invention; FIG. 3 includes an
illustration of a cross-sectional view of FIG. 2 after forming a via
opening in a resist layer overlying the ILD layer; FIG. 4 includes an
illustration of a cross-sectional view of the substrate of FIG. 3 with a
via opening defined through a hardmask film and an upper dielectric film;
FIG. 5 includes an illustration of a cross-sectional view of the substrate
of FIG. 4 after forming a trench opening in a resist layer overlying the
ILD layer;   3 23 DEC 2002 FIG. 6 includes an illustration of a
cross-sectional view of the substrate of FIG. 5 after removing a portion of
the hardmask film; FIG. 7 includes an illustration of a cross-sectional
view of the substrate of FIG. 6 after forming a via opening in a lower
dielectric film in accordance with an embodiment of the present invention;
FIG. 8 includes an illustration of a cross-sectional view of the substrate
of FIG. 7 after forming a dual inlaid opening in accordance with an
embodiment of the present invention; FIG. 9 includes an illustration of a
cross-sectional view of the substrate of 



FIG. 8 after forming a substantially completed device; and FIG. 10 includes
an illustration of a cross-sectional view of the substrate of FIG. 5 after
forming an inorganic protective layer overlying the substrate in accordance
with an embodiment of the present invention. Skilled artisans appreciate
that elements in the figures are illustrated for simplicity and clarity and
have not necessarily been drawn to scale. For example, the dimensions of
some of the elements in the figures are exaggerated relative to other
elements to help to improve understanding of embodiments) of the present
invention. Detailed Description of the Drawings In accordance with
embodiments of the present invention a trench-level dielectric film and a
via-level dielectric film are formed overlying a semiconductor device
substrate. A via opening is etched in the trench-level dielectric film with
a first etch chemistry that has a higher etch selectivity to the
trench-level dielectric film than to the via-level dielectric film. A
trench opening is patterned in a photoresist layer overlying the
trench-level dielectric film. The via-level dielectric film is etched with
a second etch chemistry to extend the via opening into the vialevel
dielectric film. The trench-level dielectric film is etched to form a
trench opening. FIG. 1 includes an illustration of a semiconductor device
that has been partially processed to define a first interconnect level. The
semiconductor device comprises a semiconductor device substrate 10, field
isolation regions 102, a transistor 118, conductive plug 112, and a
dielectric layer 110. Transistor 118 comprises doped regions 104, a gate
dielectric layer 106, and a gate electrode 108. As used in this
specification, the semiconductor device substrate 10   4 23 DEC 2002
comprises a monocrystalline semiconductor wafer, a
semiconductor-on-insulator substrate, or any other substrate used to form a
semiconductor device. In one embodiment, the gate electrode 108 is a layer
of polysilicon. Alternatively, gate electrode 108 may be a metal layer,
such as tungsten or molybdenum, a metal nitride layer, such as titanium
nitride or tungsten nitride, or a combination thereof. In addition, gate
electrode 108 may be a polycide layer comprising a metal silicide) such as
tungsten silicide, titanium silicide, or cobalt silicide, overlying a
polysilicon layer. Following formation of the gate electrode 108, a first
interlevel dielectric (ILD) layer 110 is formed over the substrate 10 and
patterned to form a contact opening. In one embodiment, first ILD layer 110
is a layer of plasma deposited oxide that is formed using tetraethoxysilane
(TEOS) as a source gas. Alternatively, first ILD layer 110 may be a layer
of silicon nitride, a layer of phosphosilicate glass (PSG)) a layer of
borophosphosilicate glass (BPSG), a silicon oxynitride layer, a polyimide
layer, a low-k dielectric, or a combination thereof. Following patterning,
a contact opening is formed in the dielectric layer 110. The contact
opening comprises a conductive plug 112 that is formed using an
adhesion/barrier film 114, such as titanium/titanium nitride (Ti/TiN))
tantalum/tantalum nitride (Ta/TaN), and the like, and a conductive fill
material 115, such as tungsten. After being deposited, portions of the
conductive fill material 115 and underlying adhesion/barrier film 114 are
removed using a conventional etching or chemical-mechanical polishing
technique to form the conductive plug 112. Alternatively, the conductive
plug 112 may be formed using doped silicon as a contact fill material with
or without the barrier film 114. After forming the conductive plug 112, a
dielectric film 116 is then formed overlying portions of the ILD layer 110
and the first conductive plug 112. A second adhesion/barrier film 118, and
a second conductive film 120 are formed within the portions dielectric film
116 and electrically connect with portions of the conductive plug 112. In
one embodiment, the second adhesion/barrier film 118 is formed using Ta/TaN
and the conductive film 120 is formed using copper, aluminum, or the like.
The combination of the second adhesion/barrier film 118 and the second
conductive film 120 form the first interconnect level 12. Up to this point
in the process, conventional methods have been used to form the device as
shown in FIG. 1. 



After forming the first interconnect level 12, in accordance with an
embodiment of the present invention, an upper IlD layer 20 is then formed
as   5 23 DEC 2002 illustrated in FIG. 2. ILD layer 20 comprises capping
layer 22, bottom dielectric film 24, upper dielectric film 26 and hardmask
film 28. In one embodiment, the capping layer 22 includes a layer of plasma
enhanced nitride (PEN) deposited to a thickness in a range of approximately
40-60 nanometers. Alternatively, the capping layer 22 may comprise silicon
oxynitride, boron nitride, or the like. Overlying the capping layer 22 is a
bottom (via-level) dielectric film 24. In accordance with an embodiment of
the present invention, bottom dielectric film 24 is formed using
fluorinated tetraethoxysilane (FTEOS) as a source gas. Alternatively,
bottom dielectric film 24 may be formed using alternate inorganic materials
such as an oxide formed using TEOS, a silsesquioxane material, a porous
oxide material, and the like. In one embodiment, bottom dielectric film 24
is formed at a thickness in a range of approximately 500-700 nanometers.
Overlying bottom dielectric film 24 is upper (trench-level) dielectric film
26. Upper dielectric film 26 may be formed using spin-on coating or
chemical vapor deposition (CVD) processes. The upper dielectric film 26 is
formed at a thickness in a range of approximately 300-500 nanometers. The
upper dielectric film 26 may be formed using an organic low-k material such
as a polyimide) a biscyclobutene, a fluorocarbon, a polyarylether-based
material, a spin on glass, a porous oxide material such as aerogel or
xerogel, a parylene, a polysiloxane material, a silsesquioxane material, a
carbon containing silicon oxide, or the like. In addition, a combination of
the foregoing materials may also be used to form the upper dielectric film
26. Overlying upper dielectric film 26 is hardmask film 28. Hardmask film
28 is formed at a thickness in a range of approximately 40-60 nanometers.
In one embodiment, hardmask film 28 includes a layer of plasma enhanced
nitride (PEN), which is formed using conventional plasma deposition
techniques. Alternatively, the hardmask film 28 may be formed using silicon
oxynitride, boron nitride, or the like. FIG. 3 includes an illustration of
a cross-sectional view of FIG. 2 after forming a via opening 34 in a resist
layer 32 overlying the ILD layer 20. The via opening will be used to define
a via portion of a dual inlaid interconnect structure in the ILD layer 20.
FIG. 4 includes an illustration of the substrate of FIG. 3, and now
includes an opening 42 formed in an upper portion of the ILD layer 20. The
opening 42 extends through the upper hardmask film 28, through the upper
dielectric film 26, and terminates on or in a portion of bottom dielectric
film 24. During the first step   6 23 DEC 2002 of the etching process to
define the opening, the patterned substrate as illustrated in FIG. 3 can be
etched using a conventional fluorine-based plasma etch process to remove
exposed portions of the hardmask film 28. After removing exposed portions
of the hardmask film 28, the etch process can be changed to a predominantly
oxygen-containing plasma chemistry. Portions of the upper dielectric film
26 exposed to the plasma are anisotropically etched to form an opening 42
as illustrated in FIG. 4. The etch can be performed using a timed or
endpointed etch process and continues until portions of bottom dielectric
film 24 are exposed at the bottom of the opening 42. Because the etch
chemistry used to etch the upper dielectric film 26 contains oxygen, the
photoresist layer 32 is also being removed at the same time the opening 42
is being formed. Additionally, because the bottom dielectric film 24 is
formed using an inorganic material, the etch selectivity between the upper
dielectric film 26 and the bottom dielectric film 24 is such that only a
minimal amount of the bottom dielectric film 24 is removed during this etch
processing step. In FIG. 5, in accordance with an embodiment of the present
invention) a photoresist layer 52 is formed overlying hardmask film 28. A
portion of the photoresist layer 52 is patterned to form an opening 54 that
will be used to define a trench portion of a dual inlaid interconnect
opening as will be explained further in FIGs. 6-7. FIG. 6 includes an
illustration of a cross-sectional view of the substrate of FIG. 5 after
removing a portion of the hardmask film 28. The hardmask film 28 is etch
using a conventional fluorine-based plasma etch process. The etch is
typically a timed etch and targets to completely remove the entire
thickness of exposed portions of the hardmask film 28. The portions of the
hardmask film 28 that are removed are subsequently used to define the
trench portion of the dual inlaid interconnect. The via opening, which is
subsequently etched in bottom dielectric film 24, corresponds to those
patterns currently defined by etched portions of upper dielectric film 26
(opening 42). FIG. 7 includes an illustration of a cross-sectional view of
the substrate of FIG. 6 after performing an etch processing step to remove
portions of the bottom dielectric film 24 and the capping layer 22 that
define the via portion of the dual inlaid interconnect opening. In an
alternative embodiment, the capping layer 22 is left to remain over
interconnect 12 and is removed during subsequent processing steps. The etch
is performed using a processing chemistry exhibiting good  



7 23 DEC 2002 selectivity to the upper dielectric film 26. This ensures the
vertical sidewall integrity of the via is maintained during the etch
processing step. In one embodiment, the etch uses a fluorine-based reactive
ion etch (RIE) process chemistry performed at pressure in a range of
approximately 1-10 millitorr and using an applied radio frequency (RF)
power in a range of approximately 8001200 watts, depending on the type of
etching reactor used. The other etch processing parameters are
conventional. The fluorine-to-carbon ratio is selected so as to provide an
etch selectivity greater than approximately 6:1 between the lower
dielectric film 24 and the upper dielectric film 26. This allows the via
pattern 42 to be reproduced in the lower dielectric film 24. In FIG. 8,
portions of the upper dielectric film 26 defined by the hardmask film 28
and the photoresist layer 52 have been removed to form the trench portion
of the dual inlaid interconnect opening 80. After completion of the via
etch portion of the dual inlaid interconnect opening as illustrated by FIG.
7, the processing chemistry is changed to an oxygen-containing plasma. In
one embodiment the etch process is performed at pressure in a range of
approximately 1-10 millitorr and at an applied (RF) power in a range of
approximately 100-300 watts, depending on the type of etching reactor used.
The other etch processing parameters are conventional. Fluorine-containing
and carbon-containing gasses may be added to improve the profile control
and film selectivities. An etch processing chemistry having a etch
selectivity of greater than approximately 50:1 between the upper dielectric
film 26 and the hardmask film 28 will adequately reproduce the trench
opening in the upper dielectric film 26. The presence of oxygen, during the
etch processing step, removes the photoresist layer 52 while the upper
dielectric film 26 is being etched. The etch selectivity to the bottom
dielectric film 24 is such that the bottom dielectric film 24 is not
substantially etched and the via sidewall profile is relatively unchanged.
Therefore, the sidewall profile of the via is maintained during this
processing step. At this point, in accordance with an embodiment of the
present invention, a substantially completed dual inlaid opening 80 has
been formed. In FIG. 9, an adhesion/barrier layer 92 is formed within the
dual inlaid opening 80 and overlying ILD layer 20. In one embodiment
adhesion/barrier layer 92 is a layer of tantalum nitride. Alternatively,
adhesion/barrier layer 92 may be a layer of titanium nitride, a layer of
tungsten nitride, a layer of tantalum silicon nitride, a layer of tantalum,
a titanium tungsten layer or the like. Adhesion/barrier layer 92 may be
deposited using conventional sputtering or chemical vapor   8 23 DEC 2002
deposition (CVD) techniques. A conductive seed layer 91 is formed overlying
adhesion/barrier layer 92 using conventional deposition techniques. A
conductive film 96 is then formed overlying the conductive seed layer 94.
The conductive film 96 has a thickness that is sufficient to completely
fill dual inlaid opening 80. In one embodiment, the conductive film 96 is a
layer of copper, deposited using a conventional electroplating process.
Alternatively, the conductive film 96 may be formed using other techniques
including electroless plating, chemical vapor deposition (CVD), or physical
vapor deposition (PVD) and using other materials including aluminum,
silver, tungsten, and the like. Portions of the conductive film 96,
conductive seed layer 91, and adhesion/barrier layer 92 are subsequently
removed to form a conductive interconnect 90 within the dual inlaid
opening, where the conductive interconnect 90 comprises remaining portions
of the conductive film 96, the conductive seed layer 91, and the
adhesion/barrier layer 92. The conductive interconnect 90 may be formed
using a chemical mechanical polishing process. Alternatively, the
conductive interconnect 90 may be formed using conventional etching
techniques, such as ion beam milling, reactive ion beam etching, and plasma
etching, or using a combination of etching and polishing techniques. A
capping layer 98 is then formed overlying the conductive interconnects 96.
In one embodiment, capping layer 98 is a layer of plasma deposited silicon
nitride. Alternatively, capping layer 98 may be a layer of plasma deposited
silicon oxynitride, a layer of boron nitride or the like. The capping layer
98 is used to reduce the likelihood of metal atoms within conductive
interconnect 90 from diffusing into dielectric layers which are
subsequently deposited over the conductive interconnect 90. A passivation
layer 99 is then formed overlying the capping layer 98. At this point, a
substantially completed device 901 has been formed. Other electrical
connections are made but not shown in FIG. 9. Also, other ILD layers and
interconnect levels may be used as needed, if a more complicated device is
formed. Embodiments of the present invention may be changed as necessary in
order to properly apply the concepts discussed above in order to
accommodate variations of the present invention. For example, after
defining the via pattern in the hardmask film 28 and the upper dielectric
film 26 as illustrated in FIG. 4, an alternative processing scheme may be
incorporated in order to facilitate reworking of the substrate in the event
problems are encountered during photoresist patterning to define the trench
opening as is illustrated in FIG 5.   



23 DEC 2002 In an alternate embodiment, after the opening 42 is formed, a
thin silicon containing inorganic layer 101 is formed overlying the
hardmask layer and within the opening 42 as illustrated in FIG 10. The thin
inorganic layer 101 serves to protect the upper dielectric film 26 if the
photoresist layer 52 illustrated in FIG. 5 requires removal using a
solvent, an acid, or an oxygen-containing plasma chemistry that would also
remove exposed portions of upper dielectric film 26. In one embodiment, the
silicon-containing inorganic layer 101 is a layer of plasma deposited
silicon nitride. Alternatively, layer 101 may be a layer of plasma
deposited silicon oxynitride, a layer of boron nitride, a layer of silicon
dioxide, or the like. The layer 101 is formed sufficiently thin, in a range
of approximately 40-60 nanometers, so as not to significantly impact the
critical dimensions of the opening. Subsequent processing steps to form the
dual inlaid opening 90 are essentially the same as those previously
described in FIGs. 5-8. Embodiments of the present invention include many
benefits. First, embodiments of the present invention reduce the need to
use a high dielectric constant etch stop film between the bottom dielectric
film 24 and the upper dielectric film 26. Because the etch stop film is
eliminated, there is a corresponding lower overall dielectric constant for
ILD layer 20 as compared to an ILD layer that uses an intermediate etch
stop, such as a PEN or silicon oxynitride etch stop layer. Additionally,
this process can be easily integrated into a process flow without
significantly deviating from current conventional manufacturing methods.
Further, the process can be used without having to develop marginal
processing steps or creating exotic materials that are not currently
available. In the foregoing specification, the invention has been described
with reference to specific embodiments. However, one or ordinary skill in
the art appreciates that various modifications and changes can be made
without departing from the skill of the present invention as set forth in
the claims below. Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and all such
modifications are intended to be included within the scope of the present
invention. In the claims, means plus function clauses if any cover the
structures described herein that perform the recited functions. The means
plus function clauses also cover structural equivalents and equivalent
structures that perform the recited functions.   10 23 DEC 2002 Claims 1. A
method for forming a semiconductor device, comprising: forming via-level
dielectric film overlying a semiconductor 5 device substrate; forming a
trench-level dielectric film directly on and in contact with the via-level
dielectric film; etching a via opening in the trench-level dielectric film
with a first etch chemistry, wherein the first etch chemistry has a 10
higher etch selectivity to the trench-level dielectric film than to the
via-level dielectric film; providing a photoresist layer overlying the
trench-level dielectric film, the photoresist layer having a photoresist
opening overlying the via opening in the trench-level dielectric film; 15
etching the via-level dielectric film with a second etch chemistry to
extend the via opening into the via-level dielectric film; and etching into
the trench-level dielectric film through the photoresist opening to form a
trench opening. 20 2. The method of claim 1, wherein etching the
trench-level dielectric film is carried out with the first etch chemistry.
3. The method of claim 1, wherein the steps are carried out 25
sequentially, in the order of description. 4. The method of claim 1,
wherein the via-level dielectric film comprises an inorganic material. 30
5. The method of claim 4, wherein the inorganic material comprises an oxide
of silicon. 6. The method of claim 5, wherein the inorganic material
comprises fluorinated silicon dioxide, formed by reacting TEOS gas with a
fluorine35 containing gas. 



7. The method of claim 1, wherein the trench-level dielectric film
comprises a low k material, said low k material having a dielectric
constant not greater than approximately 3.5.   11 23 DEC 2002 8. The method
of claim 7, wherein the low k material comprises a material from a group
consisting of organics, inorganics, and organicinorganic hybrids. 5 9. The
method of claim 8, wherein the low k material comprises an inorganic
material, the inorganic material comprising a material from a group
consisting of porous oxides, silsesquioxanes, and polysiloxanes. 10 10. The
method of claim 1, further comprising forming a hardmask on the
trench-level dielectric film, prior to etching the via opening into the
trench-level dielectric film. 11. The method of claim 1, further
comprising: simultaneously filling 15 the trench opening and the via
opening with a conductive material; and forming a dual inlaid interconnect.
12. The method of claim 11, wherein the dual inlaid interconnect overlies
and contacts with a first layer of metallization. 20 13. The method of
claim 11, wherein the semiconductor device substrate has an active device
including an active region, wherein the dual inlaid interconnect overlies
and contacts said active region. 25 14. The method of claim 11, wherein the
conductive material is selected from a group consisting of copper,
aluminum, silver, and tungsten. 15. The method of claim 14, wherein the
conductive material 30 comprises copper. 16. The method of claim 1, further
comprising depositing a protective layer in the via opening in the
trench-level dielectric film, prior to providing the photoresist. 35 17.
The method of claim 16, wherein the protective layer comprises a
silicon-containing inorganic material.   12 23 DEC 2002 18. The method of
claim 1, wherein the first etch chemistry comprises oxygen, and the second
etch chemistry comprises fluorine. 



5 19. A method for forming a semiconductor device, comprising the
sequential steps of: forming via-level dielectric film overlying a
semiconductor device substrate, said via-level dielectric film comprising
an oxide of silicon; 10 forming a trench-level dielectric film directly on
and in contact with the via-level dielectric film, said trench-level
dielectric film comprising a low k dielectric material, said low k
dielectric material having a dielectric constant not greater than 3.5; 15
etching a via opening in the trench-level dielectric film with a first etch
chemistry, wherein the first etch chemistry has a higher selectivity to the
trench-level dielectric film than to the vialevel dielectric film;
providing a photoresist layer overlying the trench-level 20 dielectric
film, the photoresist layer having a photoresist opening over the via
opening in the trench-level dielectric film; etching the via-level
dielectric film with a second etch chemistry to extend the via opening into
the via-level dielectric film; and 25 etching into the trench-level
dielectric film through the photoresist opening to form a trench opening.
20. The method of claim 19 further comprising: simultaneously filling the
trench opening and the via 30 opening with a conductive material; and
removing portions of the conductive material, thereby forming a dual inlaid
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