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TWO-STEP PROCESS FOR GAPFILLING HIGH ASPECT RATIO
TRENCHES WITH AMORPHOUS SILICON FILM

BACKGROUND
Field

[0001] Examples of the present disclosure generally relate to
semiconductor manufacturing processes, more particularly, to methods for
gapfilling high aspect ratio trenches of semiconductor devices with amorphous

silicon film, and devices formed thereby.

Description of the Related Art

[0002] For many semiconductor device manufacturing processes, there is
a need to fill narrow trenches having high aspect ratios greater than, for
example, 10:1, with no voiding. One example of such a process is shallow
trench isolation (STI) in which the film needs to be of high quality and have
very low leakage throughout the trench. As the dimensions of semiconductor
device structures continue to decrease and the aspect ratios increase, post-
curing processes become increasingly difficult and result in films with varying

composition throughout the filled trench.

[0003] Conventionally, amorphous silicon (a-Si) has been used in
semiconductor manufacturing processes since a-Si generally provides good
etch selectivity with respect to other films, such as silicon oxide (SiO) and
amorphous carbon (a-C). The conventional a-Si deposition methods, such as
plasma-enhanced chemical vapor deposition (PECVD) and conformal
deposition, however, cannot be used to gapfill high aspect ratio trenches
because a seam forms in the high aspect ratio trenches. A seam includes
gaps that form in the trench between the sidewalls, which are further opened
up during post-curing processes and ultimately cause decreased throughput
or even semiconductor device failure. Moreover, PECVD of a-Si generally
results in voiding at the bottom of the trench, which may also result in

decreased device performance or even failure.
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[0004] Therefore, there is a need for methods for gapfilling high aspect
ratio trenches of semiconductor devices that can provide seam-free film

growth.

SUMMARY

[0005] Methods for gapfilling semiconductor device features, such as high
aspect ratio trenches, with amorphous silicon film are provided. First, a
substrate having features formed in a first surface thereof is positioned in a
processing chamber. A conformal deposition process is then performed to
deposit a conformal silicon liner layer on the sidewalls of the features and the
exposed first surface of the substrate between the features. A flowable
deposition process is then performed to deposit a flowable silicon layer over
the conformal silicon liner layer. A curing process is then performed to
increase silicon density of the flowable silicon layer. Methods described
herein generally improve overall etch selectivity by the conformal silicon
deposition and the flowable silicon deposition two-step process to realize

seam-free gapfilling between features with high quality amorphous silicon film.

[0006] In one example, a method for manufacturing a semiconductor
device is disclosed. The method includes providing a substrate having at
least one feature formed in a surface thereof, the at least one feature having
sidewalls and a bottom surface, conformally depositing a silicon liner layer
over the substrate surface, the sidewalls and the bottom surface of the at
least one feature, filling the at least one feature with a flowable silicon film,
and curing the silicon liner layer and the flowable silicon film to solidify the
silicon liner layer and the flowable silicon film and form a substantially seam-

free gapfill.

[0007] In another example, a method for manufacturing a semiconductor
device is disclosed. The method includes providing a substrate having at
least one feature formed in a surface thereof, the at least one feature having
sidewalls and a bottom surface, conformally depositing a silicon liner layer
over the substrate surface and the sidewalls and the bottom surface of the at

least one feature, the silicon liner layer having a hydrogen concentration of
2
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less than about 5%, filling the at least one feature with a flowable silicon film,
the flowable silicon film having a hydrogen concentration of greater than about
30%, and curing the silicon liner layer and the flowable silicon film to solidify
the silicon liner layer and the flowable silicon film and form a substantially
seam-free gapfill having a hydrogen concentration between about 10% and
about 15%.

[0008] In yet another example, a semiconductor device is disclosed. The
semiconductor device includes a substrate having at least one feature formed
in a surface thereof, the at least one feature having sidewalls and a bottom
surface, a conformal silicon liner layer disposed over the substrate surface
and the sidewalls and the bottom surface of the at least one feature, the
silicon liner layer having a hydrogen concentration of less than about 5%, and
a flowable silicon film disposed over the conformal silicon liner layer, the
flowable silicon liner layer having a hydrogen concentration of greater than
about 30%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the
present disclosure can be understood in detail, a more particular description
of the disclosure, briefly summarized above, may be had by reference to
examples, some of which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only typical examples
of this disclosure and are therefore not to be considered limiting of scope, for

the disclosure may admit to other equally effective examples.

[0010] Figure 1 is a flow diagram summarizing a method according to one

example described herein.

[0011] Figures 2A-2D depict stages of fabrication of a semiconductor

device in accordance with the method of Figure 1.

[0012] Figure 3 is a schematic cross-section view of a processing chamber

according to an embodiment.
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[0013] To facilitate understanding, identical reference numerals have been
used, wherever possible, to designate identical elements that are common to
the Figures. Additionally, elements of one example may be advantageously

adapted for utilization in other examples described herein.

DETAILED DESCRIPTION

[0014] Methods for gapfilling semiconductor device features, such as high
aspect ratio trenches, with amorphous silicon film are provided. First, a
substrate having features formed in a first surface thereof is positioned in a
processing chamber. A conformal deposition process is then performed to
deposit a conformal silicon liner layer on the sidewalls of the features and the
exposed first surface of the substrate between the features. A flowable
deposition process is then performed to deposit a flowable silicon layer over
the conformal silicon liner layer. A curing process is then performed to
increase silicon density of the flowable silicon layer. Methods described
herein generally improve overall etch selectivity by the conformal silicon
deposition and the flowable silicon deposition two-step process to realize

seam-free gapfilling between features with high quality amorphous silicon film.

[0015] Figure 1 is a flow diagram summarizing a method 100 for gapfilling
high aspect ratio trenches of a semiconductor device with amorphous silicon
film. Figures 2A-2D depict stages of fabrication of a semiconductor device
200 in accordance with the method 100 of Figure 1. The method 100 is
described below in accordance with stages of gapfilling high aspect ratio
trenches of a semiconductor device 200 with amorphous silicon film as
illustrated in Figures 2A-2D. The description that follows will refer to high
aspect ratio trenches formed on a substrate; however, methods described
herein are also applicable to gapfilling between other semiconductor device
features. Features generally have any suitable shape, including, but not
limited to, trenches and cylindrical vias. Generally, “feature” means any
intentional surface irregularity. Suitable examples of features include, but are
not limited to, trenches which have a top, two sidewalls and a bottom, peaks

which have a top and two sidewalls. Features can have any suitable aspect

4



WO 2018/183287 PCT/US2018/024508

ratio, or ratio of the depth of the feature to the width of the feature. In some
examples, the aspect ratio is greater than or equal to about 5:1, 10:1, 15:1,
20:1, 25:1, 30:1, 35:1, or 40:1.

[0016] The method 100 begins at operation 102 by positioning a substrate
210 with a plurality of features 212 therein (shown as trenches) within a
processing chamber. The processing chamber may include a deposition
chamber, such as those available from Applied Materials, Inc., of Santa Clara,
California. The substrate 210 may be any suitable size, for example, a 200 or
300 mm substrate, and may be formed from, for example, silicon, germanium,
and combinations thereof. The features 212 extend from a substrate surface
213 to a depth (D) to a bottom surface 214. The features 212 have a first
sidewall 216 and a second sidewall 218 that define a width (W) of the feature
212. As shown in Figure 2A, the substrate 210 has a plurality of features 212;
it is contemplated that the substrate 210 can have one or more than one

feature 212, or other a different features than those illustrated.

[0017] The method 100 continues at operation 104 with conformal
deposition of a silicon liner layer 220 in the feature 212, more particularly,
over the substrate surface 213, the bottom surface 214, the first sidewall 216,
and the second sidewall 218, as shown in Figure 2B. In on example, the
silicon liner layer 220 is deposited on and in contact with the substrate surface
213, the bottom surface 214, the first sidewall 216, and the second sidewall
218. The silicon liner layer 220 generally comprises amorphous silicon having
a hydrogen (H) concentration of less than about 6 percent (%), such as about

less than about 5%.

[0018] In one example, the silicon liner layer 220 is deposited by thermal
chemical vapor deposition (CVD). The thermal CVD process generally begins
by exposing the substrate surface 213 to a first precursor and supplying heat
to the processing environment to activate the first precursor. The first
precursor generally includes one or more of silane (SiH4), disilane (SixHs),
trisilane (SisHs), and tetrasilane (Si4H10). The flow rate of the first precursor is

generally between about 10 standard cubic centimeters per minute (sccm)
5
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and about 1000 sccm. During the thermal CVD process for depositing the
silicon liner layer 220, the temperature in the processing environment is
generally between about 300 degrees Celsius (°C) and about 500°C, and the
pressure is generally between about 10 Torr and about 600 Torr. Thermal
energy to heat the processing environment and/or substrate 210 is provided
using a resistive heater embedded in a substrate support of the processing
chamber. However, other heating mechanisms, such as lamps, may

additionally or alternatively be utilized.

[0019] Although the silicon liner layer 220 is described with respect to
deposition using thermal CVD, other deposition processes are also
contemplated. In another example, the silicon liner layer 220 is deposited by

atomic layer deposition (ALD).

[0020] The conformally deposited silicon liner layer 220 is generally of
suitable thickness to cover the substrate surface 213, the bottom surface 214,
the first sidewall 216, and the second sidewall 218 of the features 212, while
leaving space for the deposition of an additional amount of amorphous silicon
during the second deposition process described below. In an example in
which the features 212 have a width (W) of about 20 nanometers (nm), then
the silicon liner layer 220 generally has a thickness of about 8nm, such that
there is a 4nm space between the silicon liner layer 220 deposited on the first
sidewall 216 and the second sidewall 218. In one example, the combined
thickness of the silicon liner layer deposited on the first sidewall 216 and the
second sidewall 218 is about 90% or less of the width (W), such as about
80% or less of width (W), such as 75 % or less of width (W), 70 % or less of
width (W), 65% or less of width (W), 60% or less of width (W). In another
example, the combined thickness of the silicon liner layer deposited on the
first sidewall 216 and the second sidewall 218 is within a range of about 90%-
50% of the width (W), such as about 85%-60% of the width (W), such as
about 85%-70% of the width (W).

[0021] At operation 106, the feature 212 is filled with a flowable silicon film

222, as shown in Figure 2C. In one example, the flowable silicon film 222 is
6
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deposited on and in contact with the silicon liner layer 220. The flowable
silicon film 222 generally comprises amorphous silicon having hydrogen (H)
concentration of greater than about 30%. The flowable silicon film 222 fills the
remaining space in the features 212 so that substantially no seam is formed in
the features 212. The flowable silicon film 222 can be deposited by any

suitable process.

[0022] In one example, the flowable silicon film 222 is deposited by a
PECVD process. The PECVD process may be formed in the same or a
different processing chamber as the silicon liner layer 220. The PECVD
process generally begins by exposing the substrate surface 213 to a reactive
gas, which generally includes one or more species. For example, the reactive
gas generally includes a second precursor and a plasma gas, which is used
as a diluent or carrier gas for the first precursor. The second precursor
generally includes one or more of silane (SiHg), disilane (SizHg), trisilane
(SisHsg), and tetrasilane (SisH1). The plasma gas generally includes one or
more of helium (He), argon (Ar), hydrogen gas (H,), krypton (Kr), nitrogen gas

(N2), oxygen gas (O,), ozone (O3), or ammonia (NH3).

[0023] The plasma can be generated or ignited within a processing
chamber (e.g., an in situ plasma) or can be generated outside of a processing
chamber and flowed into the processing chamber (e.g., a remote plasma).
The radiofrequency (RF) power used for igniting the plasma is generally
between about 10 watts (W) and about 200W. During the PECVD process for
depositing the flowable silicon film, the temperature in the processing
environment is generally between about -100°C and about 50°C, and the

pressure is generally between about 1 Torr and about 10 Torr.

[0024] The flowable silicon film 222 is generally of a suitable thickness to
fill the remaining space in the features 212. In the example discussed above
in which the features 212 have a width (W) of about 20nm, then the flowable
silicon film 222 generally has a thickness of about 4nm to provide a seam-free

gapfill in the features 212.
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[0025] After deposition of the flowable silicon film 222, at operation 108,
the silicon liner layer 220 and the flowable silicon film 222 are cured to solidify
and form a substantially seam-free gapfill layer 224, as shown in Figure 2D.
Example curing processing include thermal and ultraviolet curing. However,

other suitable curing techniques are also contemplated.

[0026] In one example, the amorphous silicon of the silicon liner layer 220
and the flowable silicon film 222 is cured by exposing the silicon liner layer
220 and the flowable silicon film 222 to a thermal curing process, such as an
in-chamber thermal curing process or a rapid thermal process (RTP)
processing method at a temperature between about 100°C and about 1000°C.
More particularly, when the thermal cure occurs in the chamber, the
temperature is generally between about 100°C and about 500°C, and when
the process is an RTP process, the temperature is between about 800°C and
about 1000°C, such as 900°C.

[0027] In another example, the amorphous silicon of the silicon liner layer
220 and the flowable silicon film 222 is cured by exposing the silicon liner
layer 220 and the flowable silicon film 222 to a UV curing process. The
temperature during the UV curing process is generally between about 10°C
and about 400°C. The UV curing process may occur for any suitable amount

of time, for example, less than or equal to 10 minutes.

[0028] In yet another example, the amorphous silicon of the silicon liner
layer 220 and the flowable silicon film 222 is cured by exposing the silicon
liner layer 220 and the flowable silicon film 222 to a plasma curing process.
The plasma exposure to cure the amorphous silicon film comprises a
separate plasma exposure from the plasma used in the PECVD process
example for depositing the flowable silicon film 222. In one example, the
plasma species is the same as the plasma species used in the exemplary
PECVD process described above. In another example, the plasma species
may be a different plasma species. In an example in which a capacitively
coupled plasma (CCP) source is used, the plasma power is between about

100W and about 1000W. In an example in which an inductively coupled
8
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plasma (ICP) source is used, the plasma power is between about 2000W and
about 10000W.

[0029] After the curing process of operation 108, the silicon liner layer 220
and the flowable silicon film 222 become one uniform gapfill layer 224. As a
result of the cure operation, the hydrogen concentration of the flowable silicon
film 222 is reduced from greater than 30 percent to less than 20 percent, such
as between 15 — 20 percent, as a result of hydrogen outgassing. The
reduction in hydrogen concentration of the flowable silicon film 222 improves
the quality of the flowable silicon film. The hydrogen concentration of the
silicon liner layer 220 remains at less than 6 percent, such as less than 5
percent during the curing process. Thus, the uniform gapfill layer 224 has

increased quality while voids and seams are mitigated or eliminated.

[0030] The substrate 210 generally undergoes additional processing
operations prior to and/or after forming the silicon liner layer 220 and the
flowable silicon film 222.  For example, the substrate 210 may undergo an
additional annealing or curing process, a deposition process, an etch process,

a plating process, or the like.

[0031] Figure 3 is a schematic cross-sectional view of a processing
chamber 300, according to one embodiment. Exemplary processing
chambers are available from Applied Materials, Inc. located in Santa Clara,
Calif. It is to be understood that the chamber described below is an
exemplary chamber and other chambers, including chambers from other
manufacturers, may be used with or modified to accomplish aspects of the

present disclosure.

[0032] The plasma processing chamber 300 includes a chamber body 302,
a substrate support assembly 305, and a gas distribution assembly 304
positioned opposite the substrate support assembly 305 and defining a
process volume 306 therebetween. The gas distribution assembly is
configured to distribute gases uniformly into the process volume 306 of the

plasma processing chamber 300 to facilitate deposition of a film onto a

9
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substrate 310 positioned on the substrate support 305. The gas distribution
assembly 304 includes a gas inlet passage 317, which delivers gas from a
gas flow controller 320 into a gas distribution manifold 318 suspended from a
hanger plate 319. The gas distribution manifold 318 includes a plurality of
holes or nozzles (not shown) through which gaseous mixtures are injected
into the process volume 306 during processing. The gas distribution
assembly 304 can be connected to an RF return 322 to allow RF energy
applied to a substrate support 308 to generate an electric field within the
process volume 306, which is used to generate the plasma for processing of
the substrate 310. The ground 322 may alternately be an RF supply. Power
supply 320 may provide a DC energy source, while power supply 321 may
provide an RF energy source to facilitate plasma generation and/or chucking
of the substrate 310.

[0033] The substrate support assembly 305 includes the substrate support
308, a base 315, a stem 314 connecting the base 315 to the substrate
support 108, and a drive system 303. The substrate support assembly 305 is
disposed within the interior volume of the plasma processing chamber 300.
The substrate support 308 has an upper surface 309 that supports the
substrate 310 and a lower surface 311 for mounting the stem 314 to the
substrate support 308. The substrate support 308 is movably disposed in the
process volume 306 by the stem 314 that is coupled to the drive system 303
located external of the chamber body 302. The stem 314 and base 315 are
connected to the drive system 303 and a bellows (not shown) to allow the

substrate support 308 to be raised, lowered, and/or rotated.

[0034] During processing, process gases are provided to the process

chamber 300 to deposit films in accordance with aspects described above.

[0035] The above-described processes, such as the conformal deposition,
flowable deposition, and curing processes, may be performed in a single
chamber, such as a Producer® chamber available from Applied Materials, Inc.
of Santa Clara, California, or the above-described processes may be

performed in various chambers of a cluster tool comprising multiple chambers
10
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which perform various functions, such as the Centura® available from Applied

Materials, Inc. of Santa Clara, California.

[0036] Embodiments of the present disclosure provide high-quality
amorphous silicon films for gapfilling high aspect ratio trenches in
semiconductor devices. The amorphous silicon gapfill is seam-free, has a low
hydrogen concentration between about 10% and about 15% overall, and thus
a high silicon density. This seam-free, high-density amorphous silicon gapfill
results in improved etch selectivity. For example, the etch selectivity of the
disclosed silicon gapfill is greater than the etch selectivity of silicon oxide
(SiO). Additionally, the seam-free, high-density amorphous silicon gapfill
reduces or eliminates voiding in the high aspect ratio trenches, thus improving
overall device performance. More particularly, methods described herein
include two silicon deposition processes, a conformal silicon deposition
followed by a flowable silicon deposition. While the flowable silicon results in
seam-free gapfiling, the flowable silicon has a greater hydrogen
concentration, which results in shrinkage upon curing. By performing the two
deposition processes, the gapfill of the resultant device has increased silicon

density, increased uniformity, and is seam-free.

[0037] While the foregoing is directed to examples of the present
disclosure, other and further examples of the disclosure may be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.

11
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What is claimed is:

1. A method for manufacturing a semiconductor device, comprising:

positioning a substrate having at least one feature formed in a surface thereof
in a processing chamber, the at least one feature having sidewalls and a bottom

surface;

conformally depositing a silicon liner layer over the substrate surface and the

sidewalls and the bottom surface of the at least one feature;
filling the at least one feature with a flowable silicon film; and

curing the silicon liner layer and the flowable silicon film to solidify the silicon

liner layer and the flowable silicon film and form a substantially seam-free gapfill.

2. The method of claim 1, wherein conformally depositing the silicon liner layer
is done by thermal deposition, and wherein filling the at least one feature with the

flowable silicon film is done by plasma enhanced chemical vapor deposition.

3. The method of claim 1, wherein conformally depositing the silicon liner layer

comprises:

exposing the substrate having at least one feature formed therein to a first
precursor, wherein exposing the substrate having at least one feature formed therein
to the first precursor occurs at a temperature between about 300 and about 550
degrees Celsius and at a pressure between about 10 and about 600 Torr, and the

first precursor comprises one or more of silane, disilane, trisilane, and tetrasilane.

4. The method of claim 1, wherein filling the at least one feature with the

flowable silicon film comprises:

exposing the substrate having the silicon liner layer thereon to a second
precursor, wherein exposing the substrate having the silicon liner layer thereon
occurs at a temperature between about -100 and about 50 degrees Celsius, at a
pressure between about 1 and about 10 Torr, and at an RF power for between about
10 and about 200 Watts, and the second precursor comprises one or more of silane,

disilane, trisilane, and tetrasilane.

12
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. The method of claim 1, wherein the silicon liner layer comprises less than 5

percent hydrogen.

6. The method of claim 5, wherein the flowable silicon film comprises greater
than 30% hydrogen.

7. The method of claim 6, wherein after the curing, the silicon liner layer and the

flowable silicon film comprise between about 10 and about 15 percent hydrogen.

8. The method of claim 1, wherein the curing method is selected from the group

consisting of a thermal cure, a UV cure, and a plasma cure.

9. A method for manufacturing a semiconductor device, comprising:
positioning a substrate having at least one feature formed in a surface thereof
in a processing chamber, the at least one feature having sidewalls and a bottom

surface;

conformally depositing a silicon liner layer over the substrate surface and the
sidewalls and the bottom surface of the at least one feature, the silicon liner layer

having a hydrogen concentration of less than about 5 percent;

filling the at least one feature with a flowable silicon film, the flowable silicon

film having a hydrogen concentration of greater than about 30 percent; and

curing the silicon liner layer and the flowable silicon film to solidify the silicon
liner layer and the flowable silicon film and form a substantially seam-free gapfill

having a hydrogen concentration between about 10 percent and about 15 percent.

10. The method of claim 9, wherein conformally depositing the silicon liner layer

comprises:

exposing the substrate having at least one feature formed therein to a first
precursor, wherein exposing the substrate having at least one feature formed therein
to the first precursor occurs at a temperature between about 300 and about 550

degrees Celsius and at a pressure between about 10 and about 600 Torr.

13
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11. The method of claim 10, wherein the first precursor comprises one or more of

silane, disilane, trisilane, and tetrasilane.

12. The method of claim 9, wherein filling the at least one feature with the

flowable silicon film comprises:

exposing the substrate having the silicon liner layer thereon to a second
precursor, wherein exposing the substrate having the silicon liner layer thereon
occurs at a temperature between about -100 and about 50 degrees Celsius, at a
pressure between about 1 and about 10 Torr, and at an RF power for between about
10 and about 200 Watts.

13. The method of claim 12, wherein the second precursor comprises one or

more of silane, disilane, trisilane, and tetrasilane.

14. A semiconductor device, comprising:

a substrate having at least one feature formed in a surface thereof, the at
least one feature having sidewalls and a bottom surface;

a conformal silicon liner layer disposed over the substrate surface and the
sidewalls and the bottom surface of the at least one feature, the silicon liner layer
having a hydrogen concentration of less than about 5 percent; and

a flowable silicon film disposed over the conformal silicon liner layer, the
flowable silicon liner layer having a hydrogen concentration of greater than about 30

percent.

15. The semiconductor device of claim 14, wherein the conformal silicon liner
layer is disposed on and in contact with the substrate surface and the sidewalls and
the bottom surface of the at least one feature, and the flowable silicon film is

disposed on and in contact with the conformal silicon liner layer.

14
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AMENDED CLAIMS
received by the International Bureau on 17 Sep. 2018 (17.09.2018)

1. (Currently Amended) A method for manufacturing a semiconductor device,
comprising:

positioning a substrate having at least one feature formed in a surface thereof in
a processing chamber, the at least one feature having sidewalls and a bottom surface;

conformally depositing a silicon liner layer over the surface of the substrate

surface and the sidewalls and the bottom surface of the at least one feature;
filling the at least one feature with a flowable silicon film; and
curing the silicon liner layer and the flowable silicon film to solidify the silicon liner

layer and the flowable silicon film and form a substantially seam-free gapfill.

2. (Original) The method of claim 1, wherein conformally depositing the silicon liner
layer is done by thermal deposition, and wherein filling the at least one feature with the

flowable silicon film is done by plasma enhanced chemical vapor deposition.

3. (Currently Amended) The method of claim 1, wherein conformally depositing the
silicon liner layer comprises:

exposing the substrate having at least one feature formed in the surface thereof

therein to a first precursor, wherein exposing the substrate having at least one feature

formed in the surface thereof therein to the first precursor occurs at a temperature

between about 300 and about 550 degrees Celsius and at a pressure between about 10
and about 600 Torr, and the first precursor comprises one or more of silane, disilane,

trisilane, and tetrasilane.

4. (Original) The method of claim 1, wherein filling the at least one feature with the
flowable silicon film comprises:
exposing the substrate having the silicon liner layer thereon to a second

precursor, wherein exposing the substrate having the silicon liner layer thereon occurs
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at a temperature between about -100 and about 50 degrees Celsius, at a pressure
between about 1 and about 10 Torr, and at an RF power for between about 10 and
about 200 Watts, and the second precursor comprises one or more of silane, disilane,

trisilane, and tetrasilane.

9. (Original) The method of claim 1, wherein the silicon liner layer comprises less

than 5 percent hydrogen.

6. (Original) The method of claim 5, wherein the flowable silicon film comprises

greater than 30% hydrogen.

7. (Original) The method of claim 6, wherein after the curing, the silicon liner layer
and the flowable silicon film comprise between about 10 and about 15 percent

hydrogen.

8. (Currently Amended) The method of claim 1, wherein the curing methed is

selected from the group consisting of a thermal cure, a UV cure, and a plasma cure.

9. (Currently Amended) A method for manufacturing a semiconductor device,
comprising:

positioning a substrate having at least one feature formed in a surface thereof in
a processing chamber, the at least one feature having sidewalls and a bottom surface;

conformally depositing a silicon liner layer over the surface of the substrate

sufase and the sidewalls and the bottom surface of the at least one feature, the silicon
liner layer having a hydrogen concentration of less than about 5 percent;

filling the at least one feature with a flowable silicon film, the flowable silicon film
having a hydrogen concentration of greater than about 30 percent; and

curing the silicon liner layer and the flowable silicon film to solidify the silicon liner
layer and the flowable silicon film and form a substantially seam-free gapfill having a

hydrogen concentration between about 10 percent and about 15 percent.
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10.  (Currently Amended) The method of claim 9, wherein conformally depositing the
silicon liner layer comprises:

exposing the substrate having at least one feature formed in the surface thereof

therein to a first precursor, wherein exposing the substrate having at least one feature

formed in the surface thereof therein to the first precursor occurs at a temperature

between about 300 and about 550 degrees Celsius and at a pressure between about 10
and about 600 Torr.

11.  (Original) The method of claim 10, wherein the first precursor comprises one or

more of silane, disilane, trisilane, and tetrasilane.

12.  (Original) The method of claim 9, wherein filling the at least one feature with the
flowable silicon film comprises:

exposing the substrate having the silicon liner layer thereon to a second
precursor, wherein exposing the substrate having the silicon liner layer thereon occurs
at a temperature between about -100 and about 50 degrees Celsius, at a pressure
between about 1 and about 10 Torr, and at an RF power for between about 10 and
about 200 Watts.

13.  (Original) The method of claim 12, wherein the second precursor comprises one

or more of silane, disilane, trisilane, and tetrasilane.

14.  (Currently Amended) A semiconductor device, comprising:
a substrate having at least one feature formed in a surface thereof, the at least
one feature having sidewalls and a bottom surface;

a conformal silicon liner layer disposed over the surface of the substrate surfase

and the sidewalls and the bottom surface of the at least one feature, the silicon liner
layer having a hydrogen concentration of less than about 5 percent; and
a flowable silicon film disposed over the conformal silicon liner layer, the flowable

silicon film knerayer having a hydrogen concentration of greater than about 30 percent.
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15.  (Currently Amended) The semiconductor device of claim 14, wherein the
conformal silicon liner layer is disposed on and in contact with the surface of the
substrate, surface-and the sidewalls, and the bottom surface of the at least one feature,

and wherein the flowable silicon film is disposed on and in contact with the conformal

silicon liner layer.
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STATEMENT UNDER ARTICLE 19 (1)

Applicant submits the claim amendments herein, along with appropriate
replacement page, in connection with the above-captioned PCT application under
Article 19 of the Patent Cooperation Treaty. No new matter has been introduced as a
result of these amendments. Applicant respectfully requests the amendments be

entered for publication of the application.

Respectfully submitted,

[Steven H. VerSteeg: Req. No. 58,087/
Steven H. VerSteeg

Reg. No. 38,087

PATTERSON + SHERIDAN, LLP

24 Greenway Plaza, Suite 1600
Houston, Texas 77046

713-623-4844

Attorneys for Applicant
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