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METHOD OF FORMING FILM STACKS WITH REDUCED DEFECTS

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to memory
manufacturing processes, and more particularly, to methods of manufacturing 3D

memory cells having a low dielectric constant and reduced resistivity.
Description of the Related Art

[0002] Growing demands continue to drive the need for high-capacity, high-
performance computer memory devices with smaller geometries at lower costs. To
this end, components of memory cells are stacked on top of each other to create
three-dimensional (3D) memory cells, such as vertical gate 3D memory cells. One
such technology is NAND flash memory, which is generally found in memory cards,
USB flash drives, solid-state drives, and other similar devices for data storage and
transfer. In NAND flash memory, memory cells made from transistors are connected
in series and stacked in vertical layers to create densely-packed, high-capacity
memory devices. Flash drives generally use less power and are more durable than
ordinary hard drives because they do not contain moving parts. As such, there is
great interest in increasing the capacity of flash drives, while reducing their size and

cost.

[0003] As flash technology has progressed, limitations have continued to exist in
how to create high-capacity devices on a small scale. For example, different materials
that are combined on a microscopic scale have different physical properties that lead
to non-uniformities in the flash memory device. Many vertical 3D memory cells include
silicon oxide/polysilicon (OP) stacks and/or oxide/nitride (ON) stacks due to their
integration properties. Problematically, however, during the deposition of the silicon
oxide and polysilicon layers, contaminants often accumulate on the deposited layers
and cause defects throughout the formed film stack or device. The contaminants are
usually flakes or other particles derived from residual materials incidentally deposited

on interior surfaces of the processing chamber, such as the faceplate.
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[0004] Therefore, there is a need for improved methods of manufacturing memory

structures, such as 3D memory cells, having no or a very low concentration of defects.

SUMMARY OF THE INVENTION

[0005] Embodiments described and discussed herein provide methods of forming
film stacks, such as memory structures, with reduced defects. In one or more
embodiments, the method of forming film stacks includes positioning a substrate on a
substrate support within a processing chamber and sequentially depositing polysilicon
layers and silicon oxide layers to produce the film stack on the substrate. The method
also includes supplying a current of greater than 5 ampere (A) to a plasma profile
modulator while generating a deposition plasma within the processing chamber,
exposing the substrate to the deposition plasma while depositing the polysilicon layers
and the silicon oxide layers, and maintaining the processing chamber at a pressure of
greater than 2 Torr to about 100 Torr while depositing the polysilicon layers and the

silicon oxide layers.

[0006] In some embodiments, the method of forming film stacks includes exposing
a processing chamber to a conditioning plasma during a first conditioning process,
where the processing chamber contains a faceplate disposed above a substrate
support. The method also includes positioning a substrate on the substrate support
within the processing chamber, moving the substrate support to an upper position
separated from the faceplate by a narrow spacing, wherein the narrow spacing is
about 50 mils to 1,000 mils, as measured between the substrate support and the
faceplate, and sequentially depositing polysilicon layers and silicon oxide layers to
produce a lower portion of the film stack on the substrate. The method further includes
moving the substrate support containing the substrate to a lower position separated
from the faceplate by a wide spacing, wherein the wide spacing is greater than 1,000
mils, as measured between the substrate support and the faceplate, maintaining a
pressure of about 10 Torr to about 40 Torr within the processing chamber while
moving the substrate support containing the substrate to the lower position, removing
the substrate containing the lower portion of the film stack from the processing
chamber, and exposing the processing chamber to the conditioning plasma during a
second conditioning process. The method also includes positioning the substrate

containing the lower portion of the film stack on the substrate support within the
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processing chamber, moving the substrate support to the upper position separated
from the faceplate by the narrow spacing, and sequentially depositing the polysilicon
layers and the silicon oxide layers to produce an upper portion of the film stack on the
upper portion of the film stack within the processing chamber. The method further
includes moving the substrate support to the lower position separated from the
faceplate by the wide spacing, removing the substrate containing the upper portion of
the film stack from the processing chamber, and exposing the processing chamber to

the conditioning plasma during a third conditioning process.

[0007] In other embodiments, the method of forming film stacks includes exposing
a processing chamber to a conditioning plasma at a power of about 100 watts to about
800 watts during a first conditioning process, positioning a substrate on a substrate
support within the processing chamber, and sequentially depositing polysilicon layers
and silicon oxide layers to produce a lower portion of the film stack on the substrate.
The polysilicon layers and the silicon oxide layers are deposited by supplying a current
of greater than 5 A to a plasma profile modulator while generating a deposition plasma
within the processing chamber, exposing the substrate to the deposition plasma while
depositing the polysilicon layers and the silicon oxide layers, and maintaining the
processing chamber at a pressure of greater than 2 Torr to about 100 Torr while
depositing the polysilicon layers and the silicon oxide layers. The method also
includes removing the substrate containing the lower portion of the film stack from the
processing chamber and exposing the processing chamber to the conditioning plasma
at the power of about 100 watts to about 800 watts during a second conditioning
process. The method further includes positioning the substrate containing the lower
portion of the film stack on the substrate support within the processing chamber and
sequentially depositing the polysilicon layers and the silicon oxide layers to produce
an upper portion of the film stack on the upper portion of the film stack within the
processing chamber. The polysilicon layers and the silicon oxide layers are deposited
while supplying the current of greater than 5 A to the plasma profile modulator and
generating the deposition plasma within the processing chamber, exposing the
substrate to the deposition plasma while depositing the polysilicon layers and the
silicon oxide layers, and maintaining the processing chamber at the pressure of
greater than 2 Torr to about 100 Torr while depositing the polysilicon layers and the

silicon oxide layers. The method includes removing the substrate containing the
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upper portion of the film stack from the processing chamber and exposing the
processing chamber to the conditioning plasma at the power of about 100 watts to

about 800 watts during a third conditioning process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] 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 embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this disclosure and are therefore not
to be considered limiting of its scope, for the disclosure may admit to other equally

effective embodiments.

[0009] Figure 1 depicts a cross-sectional view of a processing chamber that can
be used during processes described and discussed herein, according to one or more

embodiments.

[0010] Figure 2 is a flow chart of a method of forming a film stack with reduced

defects, according to one or more embodiments.

[0011] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements and features of one embodiment may be beneficially

incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0012] Embodiments described and discussed herein provide methods of forming
film stacks, such as memory structures, with minimum or no defects. In one or more
embodiments, the method of forming film stacks includes exposing a processing
chamber to a conditioning plasma, a purge gas, and an evacuation during a first
conditioning process, positioning a substrate on a substrate support within the
processing chamber, and sequentially depositing polysilicon layers and silicon oxide
layers to produce a lower portion of the film stack on the substrate. The polysilicon
layers and the silicon oxide layers are deposited by supplying a current to a plasma

profile modulator while generating a deposition plasma within the processing
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chamber, exposing the substrate to the deposition plasma while depositing the

polysilicon layers and the silicon oxide layers.

[0013] The method also includes removing the substrate containing the lower
portion of the film stack from the processing chamber and exposing the processing
chamber to the conditioning plasma, the purge gas, and the evacuation during a
second conditioning process. The method further includes positioning the substrate
containing the lower portion of the film stack on the substrate support within the
processing chamber and sequentially depositing the polysilicon layers and the silicon
oxide layers to produce an upper portion of the film stack on the upper portion of the
film stack within the processing chamber. The polysilicon layers and the silicon oxide
layers are deposited while supplying the current to the plasma profile modulator and
generating the deposition plasma within the processing chamber, exposing the
substrate to the deposition plasma while depositing the polysilicon layers and the

silicon oxide layers.

[0014] The method includes removing the substrate containing the upper portion
of the film stack from the processing chamber and exposing the processing chamber
to the conditioning plasma, the purge gas, and the evacuation during a third
conditioning process. During the first, second, and/or third conditioning processes,
the processing chamber is exposed to the conditioning plasma at a power of about
100 watts to about 800 watts for about 5 seconds to about 60 seconds. Also, during
the first, second, and/or third conditioning processes, the processing chamber is at a
pressure of about 5 Torr to about 50 Torr and is exposed to the purge gas having a

flow rate of about 5 L/min to about 30 L/min.

[0015] Figure 1 depicts a cross-sectional view of a processing system 100
containing a processing chamber 102 that is used during deposition and conditioning
processes described and discussed herein, according to one or more embodiments.
The deposition and conditioning processes form thin film stacks and devices with
reduced defects. In one or more examples, the thin film stacks and devices can be
or include silicon oxide/polysilicon (OP) stacks and/or oxide/nitride (ON) stacks which

are utilized in vertical 3D memory cells.
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[0016] The processing chamber 102 is a deposition chamber, such as a plasma-
enhanced chemical vapor deposition (PE-CVD) chamber, and can be used to deposit
various types of material, annealing (plasma and/or thermal annealing), substrate
cleaning, and for performing other processing techniques. The processing chamber
102 includes a lid 104, a bottom 106, and one, two, three, four, or more sides or walls
108. Each wall 108 can include a thermally and electrically insulative liner or ring 110
and an electrically conductive liner or ring 112. The thermally and electrically
insulative liner 110 contains one or more thermally and electrically insulative
materials, such as ceramic, quartz, silica, alumina, or any combination thereof. The
electrically conductive ring 112 contains one or more electrically conductive materials
or metals, such as aluminum, steel, stainless steel, alloys thereof, or any combination

thereof.

[0017] The processing chamber 102 also includes a showerhead 114 and a
pedestal or substrate support assembly 120 disposed therein. A process region 105
is located between and adjacent the showerhead 114 and the substrate support
assembly 120. A substrate 101 is positioned or otherwise disposed on the substrate
support assembly 120 within the process region 105. The showerhead 114 is
connected to a plasma power supply 116, such as an RF generator, to generate
plasma 118 within the process region 105. The substrate support assembly 120
contains a substrate support 122, a heater 124 contained inside the substrate support
122, and a shaft 126 coupled to the substrate support 122. In one or more
configurations, as depicted in Figure 1, the electrically conductive ring 112 is disposed
between the substrate support 122 and the showerhead 114. One or more electrodes
128 are coupled to and in electrical communication between the substrate support
122 and an REF filter 130 and a ground 132. The substrate support 122, the electrode
128, the RF filter 130, and the ground 132 provide a first plasma outlet for the plasma

118 generated in the process region 105.

[0018] The processing system 100 also contains a plasma profile modulator (PPM)
140 coupled to and in electrical communication with the processing chamber 102 via
the electrically conductive ring 112. The PPM 140 can be modulated or otherwise
adjusted to provide a desired plasma profile including shape and location within the
process region 105 and on the substrate 101. One or more electrodes 142 are

coupled to and in electrical communication between the electrically conductive ring
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112, the PPM 140, and a ground 144. The electrically conductive ring 112, the
electrode 142, the PPM 140, and the ground 144 provide a second plasma outlet for
the plasma 118 generated in the process region 105. A processing system similar to
the processing system 100, the processing chamber 102, the PPM 140, and
components thereof is the Precision™ PECVD chamber commercially available from
Applied Materials, Inc. A plasma profile modulator similar to the PPM 140 is

commercially available from Comet Plasma Control Technologies.

[0019] Figure 2 is a flow chart of a method 200 of forming film stacks, such as
memory structures, with minimum or no defects, according to one or more
embodiments. The method 200 includes processes for treating or conditioning a
processing chamber and processes for depositing materials to form a film stack. The
materials deposited include polysilicon layers and silicon oxide layers which are
sequentially deposited to produce lower and upper portions of the film stack. The

method 200 is described and discussed in brief detail as follows.

[0020] At 210, an empty processing chamber (e.g., chamber not containing a
substrate) is exposed to a conditioning plasma and a purge cycle during a first

conditioning process.

[0021] At 220, a substrate is positioned or otherwise disposed on a substrate

support within the processing chamber.

[0022] At 230, the polysilicon layers and silicon oxide layers are sequentially
deposited to produce a lower portion of the film stack on the substrate during a

deposition process.

[0023] At 240, the substrate containing the lower portion of the film stack is

withdrawn or otherwise removed from the processing chamber.

[0024] At 250, the empty processing chamber is exposed to the conditioning

plasma and the purge cycle during a second conditioning process.

[0025] At 260, the substrate is positioned or otherwise disposed on the substrate

support within the processing chamber.
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[0026] At 270, the polysilicon layers and silicon oxide layers are sequentially
deposited to produce an upper portion of the film stack on the substrate during the
deposition process. The upper portion of the film stack is deposited or otherwise

formed on the lower portion of the film stack.

[0027] At 280, the substrate containing the upper and lower portions of the film

stack is withdrawn or otherwise removed from the processing chamber.

[0028] At 290, the empty processing chamber is exposed to the conditioning

plasma and the purge cycle during a third conditioning process.

[0029] Inone or more embodiments, a method of forming a film stack with reduced
defects is provided and includes exposing a processing chamber to a conditioning
plasma at a power of about 100 watts to about 800 watts during a first conditioning
process at 210, positioning a substrate on a substrate support within the processing
chamber at 220, and sequentially depositing polysilicon layers and silicon oxide layers
to produce a lower portion of the film stack on the substrate at 230. The polysilicon
layers and the silicon oxide layers are deposited by supplying a current of greater than
5 A to a plasma profile modulator while generating a deposition plasma within the
processing chamber, exposing the substrate to the deposition plasma while depositing
the polysilicon layers and the silicon oxide layers, and maintaining the processing
chamber at a pressure of greater than 2 Torr to about 100 Torr while depositing the
polysilicon layers and the silicon oxide layers. The method also includes removing
the substrate containing the lower portion of the film stack from the processing
chamber at 240 and exposing the processing chamber to the conditioning plasma at
the power of about 100 watts to about 800 watts during a second conditioning process
at 250. The method further includes positioning the substrate containing the lower
portion of the film stack on the substrate support within the processing chamber at
260 and sequentially depositing the polysilicon layers and the silicon oxide layers to
produce an upper portion of the film stack on the upper portion of the film stack within
the processing chamber at 270. The polysilicon layers and the silicon oxide layers
are deposited by supplying the current of greater than 5 A to the plasma profile
modulator while generating the deposition plasma within the processing chamber,
exposing the substrate to the deposition plasma while depositing the polysilicon layers

and the silicon oxide layers, and maintaining the processing chamber at the pressure
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of greater than 2 Torr to about 100 Torr while depositing the polysilicon layers and the
silicon oxide layers. The method includes removing the substrate containing the
upper portion of the film stack from the processing chamber at 280 and exposing the
processing chamber to the conditioning plasma at the power of about 100 watts to

about 800 watts during a third conditioning process at 290.

[0030] The method 200 is described and discussed with additional details as

follows.

[0031] At 210, the processing chamber does not contain a substrate and the
faceplate and other interior surfaces of the processing chamber typically contain
residual materials deposited thereon. These residual materials can peel and break
from the surfaces and end up causing flakes, particles, and other contaminants in the
processing chamber that eventually contaminate the substrate surface causing
defects to the film stack or corresponding device. The processing chamber contains
the faceplate disposed above the substrate support. The empty substrate support
(not containing a substrate) can be moved away from the faceplate to a lower position
separated from the faceplate by a distance of a wide spacing. In some examples, the
wide spacing is greater than 1,000 mils, such as about 2,000 mils to about 10,000
mils or about 3,000 mils to about 5,000 mils, as measured between the substrate

support and the faceplate.

[0032] In one or more embodiments, the wide spacing between the substrate
support and the faceplate during any of the conditioning processes is greater than
1,000 mils, such as about 1,500 mils, about 2,000 mils, about 2,500 mils, about 3,000
mils, about 3,500 mils, or about 4,000 mils to about 5,000 mils, about 6,000 mils, about
7,000 mils, about 8,000 mils, about 9,000 mils, about 10,000 mils, about 12,000 mils,
or greater. For example, the wide spacing between the substrate support and the
faceplate during the conditioning process is greater than 1,000 mils to about 12,000
mils, greater than 1,000 mils to about 10,000 mils, greater than 1,000 mils to about
8,000 mils, greater than 1,000 mils to about 6,000 mils, greater than 1,000 mils to
about 5,000 mils, greater than 1,000 mils to about 4,000 mils, about 2,000 mils to
about 12,000 mils, about 2,000 mils to about 10,000 mils, about 2,000 mils to about
8,000 mils, about 2,000 mils to about 6,000 mils, about 2,000 mils to about 5,000 mils,
about 2,000 mils to about 4,000 mils, about 3,000 mils to about 12,000 mils, about
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3,000 mils to about 10,000 mils, about 3,000 mils to about 8,000 mils, about 3,000
mils to about 6,000 mils, about 3,000 mils to about 5,000 mils, or about 3,000 mils to
about 4,000 mils.

[0033] The processing chamber is exposed to a first conditioning process in order
to clean and season the processing chamber. The first conditioning process can be
or include cleaning and seasoning processes. The processing chamber is exposed
to a conditioning plasma and a purge cycle during the first conditioning process. The
purge cycle includes exposing the processing chamber to a purge gas under relatively

high pressure and evacuating the processing chamber.

[0034] In one or more examples, during the first conditioning process, the
processing chamber is exposed to the conditioning plasma at a power of about 100
watts to about 800 watts for about 5 seconds to about 60 seconds, about 10 seconds
to about 45 seconds, or about 15 seconds to about 30 seconds. Also, during the first
conditioning process, the processing chamber is at a pressure of about 5 Torr to about
50 Torr and exposed to the purge gas having a flow rate of about 5 L/min to about 30
L/min. The purge gas is or contains nitrogen, argon, helium, or any combination

thereof.

[0035] The conditioning plasma is at a power of about 100 watts, about 200 watts,
about 300 watts, or about 400 watts to about 500 watts, about 600 watts, about 700
watts, about 800 watts, about 900 watts, or about 1,000 watts during any of the
conditioning processes. For example the conditioning plasma is at a power of about
100 watts to about 1,000 watts, about 100 watts to about 800 watts, about 100 watts
to about 600 watts, about 100 watts to about 500 watts, about 100 watts to about 300
watts, about 250 watts to about 1,000 watts, about 250 watts to about 800 watts, about
250 watts to about 600 watts, about 250 watts to about 500 watts, about 250 watts to
about 300 watts, about 400 watts to about 1,000 watts, about 400 watts to about 800
watts, about 400 watts to about 600 watts, or about 400 watts to about 500 watts

during any of the conditioning processes.

[0036] The processing chamber is at a pressure of about 5 Torr, about 10 Torr,
about 15 Torr, or about 20 Torr to about 25 Torr, about 30 Torr, about 40 Torr, about

50 Torr, about 70 Torr, or about 100 Torr during any of the conditioning processes.
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For example, the processing chamber is at a pressure of about 5 Torr to about 100
Torr, about 5 Torr to about 80 Torr, about 5 Torr to about 60 Torr, about 5 Torr to
about 50 Torr, about 5 Torr to about 40 Torr, about 5 Torr to about 25 Torr, about 5
Torr to about 15 Torr, about 5 Torr to about 10 Torr, about 10 Torr to about 100 Torr,
about 10 Torr to about 80 Torr, about 10 Torr to about 60 Torr, about 10 Torr to about
50 Torr, about 10 Torr to about 40 Torr, about 10 Torr to about 25 Torr, about 20 Torr
to about 100 Torr, about 20 Torr to about 80 Torr, about 20 Torr to about 60 Torr,
about 20 Torr to about 50 Torr, about 20 Torr to about 40 Torr, or about 20 Torr to

about 30 Torr during any of the conditioning processes.

[0037] The processing chamber is exposed to the purge gas having a flow rate of
about 3 L/min, about 5 L/min, about 6 L/min, about 8 L/min, about 10 L/min, about 12
L/min, or about 15 L/min to about 18 L/min, about 20 L/min, about 22 L/min, about 25
L/min, about 28 L/min, about 30 L/min, about 40 L/min, or about 50 L/min during any
of the conditioning processes. In some examples, the processing chamber is exposed
to the purge gas having a flow rate of about 3 L/min to about 50 L/min, about 5 L/min
to about 50 L/min, about 5 L/min to about 40 L/min, about 5 L/min to about 30 L/min,
about 5 L/min to about 25 L/min, about 5 L/min to about 20 L/min, about 5 L/min to
about 15 L/min, about 5 L/min to about 10 L/min, about 10 L/min to about 50 L/min,
about 10 L/min to about 40 L/min, about 10 L/min to about 30 L/min, about 10 L/min
to about 25 L/min, about 10 L/min to about 20 L/min, about 10 L/min to about 15 L/min,
about 15 L/min to about 50 L/min, about 15 L/min to about 40 L/min, about 15 L/min
to about 30 L/min, about 15 L/min to about 25 L/min, or about 15 L/min to about 20

L/min during any of the conditioning processes.

[0038] At 220, a substrate is positioned, placed, or otherwise disposed on a
substrate support within the processing chamber. The substrate can be heated to the
desired process temperature by heaters on the substrate support. The substrate
support containing the substrate can be moved towards the faceplate to an upper
position separated from the faceplate by a distance of a narrow spacing. In some
examples, the narrow spacing is about 50 mils to 1,000 mils, about 100 mils to 500
mils, or about 150 mils to 350 mils, as measured between the substrate support and

the faceplate.
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[0039] The narrow spacing between the substrate support and the faceplate during
the deposition process (e.g., depositing the polysilicon layers and the silicon oxide
layers) is about 50 mils, about 100 mils, about 150 mils, about 200 mils, or about 250
mils to about 300 mils, about 350 mils, about 400 mils, about 450 mils, about 500 mils,
about 600 mils, about 800 mils, or 1,000 mils. For example, the narrow spacing
between the substrate support and the faceplate during the deposition process is
about 50 mils to 1,000 mils, about 50 mils to about 800 mils, about 50 mils to about
600 mils, about 50 mils to about 500 mils, about 50 mils to about 400 mils, about 100
mils to 1,000 mils, about 100 mils to about 800 mils, about 100 mils to about 600 mils,
about 100 mils to about 500 mils, about 100 mils to about 400 mils, about 200 mils to
1,000 mils, about 200 mils to about 800 mils, about 200 mils to about 600 mils, about
200 mils to about 500 mils, about 200 mils to about 400 mils, about 200 mils to about
300 mils, about 200 mils to about 250 mils, or about 250 mils to about 350 mils.

[0040] At 230, the polysilicon layers and silicon oxide layers are sequentially
deposited to produce a lower portion of the film stack on the substrate during one or
more deposition processes, such as a PE-CVD process and/or a thermal CVD
process. The substrate support is at a narrow spacing from the faceplate during the
deposition process. The polysilicon layers can be doped and generally contain a p-
type doped-polysilicon or an n-type doped-polysilicon. For the p-type doped-
polysilicon, the polysilicon layers contain phosphorus, nitrogen, arsenic, or any
combination thereof. In one or more examples, the polysilicon layer contains

phosphorus doped-polysilicon.

[0041] In one or more embodiments, the polysilicon layers are deposited, formed,
or otherwise produced by exposing the substrate to a deposition gas containing one
or more silicon precursors, one or more phosphorus precursors, and one or more
carrier gases during a PE-CVD process. In some examples, the silicon precursor
contains silane, the phosphorus precursor contains phosphine, and the carrier gas

contains argon, helium, neon, or any combination thereof.

[0042] In other embodiments, the silicon oxide layers are deposited, formed, or
otherwise produced by exposing the substrate to a deposition gas containing one or
more silicon precursors, one or more oxygen precursors, and one or more carrier

gases during a PE-CVD process. In some examples, the silicon precursor contains
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tetraethyl orthosilicate, the oxygen precursor contains nitrous oxide, oxygen, ozone,
water, or any combination thereof, and the carrier gas contains argon, helium, neon,

or any combination thereof.

[0043] The processing chamber is maintained or pressurized to a pressure of
greater than 2 Torr, such as about 3 Torr, about 4 Torr, about 5 Torr, about 8 Torr, or
about 10 Torr to about 12 Torr, about 15 Torr, about 20 Torr, about 30 Torr, about 50
Torr, about 75 Torr, about 85 Torr, about 100 Torr, or about 120 Torr during the
deposition process while depositing materials, such as the polysilicon layers and the
silicon oxide layers. In one or more examples, the processing chamber is maintained
or pressurized to a pressure of greater than 2 Torr to about 120 Torr, greater than 2
Torr to about 100 Torr, greater than 2 Torr to about 80 Torr, greater than 2 Torr to
about 60 Torr, greater than 2 Torr to about 50 Torr, greater than 2 Torr to about 40
Torr, greater than 2 Torr to about 30 Torr, greater than 2 Torr to about 20 Torr, greater
than 2 Torr to about 10 Torr, about 3 Torr to about 120 Torr, about 3 Torr to about 100
Torr, about 3 Torr to about 80 Torr, about 3 Torr to about 60 Torr, about 3 Torr to
about 50 Torr, about 3 Torr to about 40 Torr, about 3 Torr to about 30 Torr, about 3
Torr to about 20 Torr, about 3 Torr to about 10 Torr, about 4 Torr to about 120 Torr,
about 4 Torr to about 100 Torr, about 4 Torr to about 80 Torr, about 4 Torr to about
60 Torr, about 4 Torr to about 50 Torr, about 4 Torr to about 40 Torr, about 4 Torr to
about 30 Torr, about 4 Torr to about 20 Torr, or about 4 Torr to about 10 Torr while

depositing materials during the deposition process.

[0044] The substrate is heated to a temperature of about 400°C, about 425°C,
about 450°C, about 475°C, or about 500°C to about 525°C, about 550°C, about
575°C, about 600°C, about 625°C, about 650°C, or about 700°C during the deposition
process while depositing materials, such as the polysilicon layers and the silicon oxide
layers. For example, the substrate is heated to a temperature of about 400°C to about
700°C, about 425°C to about 700°C, about 450°C to about 700°C, about 475°C to
about 700°C, about 500°C to about 700°C, about 550°C to about 700°C, about 600°C
to about 700°C, about 400°C to about 650°C, about 425°C to about 650°C, about
450°C to about 650°C, about 475°C to about 650°C, about 500°C to about 650°C,
about 550°C to about 650°C, about 600°C to about 650°C, about 400°C to about
600°C, about 425°C to about 600°C, about 450°C to about 600°C, about 475°C to
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about 600°C, about 500°C to about 600°C, about 550°C to about 600°C while

depositing materials during the deposition process.

[0045] In one or more examples, a process gas is ignited to generate the
deposition plasma used in the PE-CVD process. The process gas can be or include
argon, helium, neon, silane, or any combination thereof. The process gas is
introduced or flowed into the processing chamber at a rate of greater than 2 L/min,
such as about 2.5 L/min, about 3 L/min, about 3.5 L/min, about 4 L/min, or about 5
L/min to about 6 L/min, about 7 L/min, about 8 L/min, about 9 L/min, about 10 L/min,
about 12 L/min, or greater. In one or more examples, the process gas is introduced
or flowed into the processing chamber at a rate of greater than 2 L/min to about 12
L/min, greater than 2 L/min to about 10 L/min, greater than 2 L/min to about 8 L/min,
greater than 2 L/min to about 6 L/min, greater than 2 L/min to about 5 L/min, about 3
L/min to about 12 L/min, about 3 L/min to about 10 L/min, about 3 L/min to about 8
L/min, about 3 L/min to about 6 L/min, about 3 L/min to about 5 L/min, about 5 L/min
to about 12 L/min, about 5 L/min to about 10 L/min, about 5 L/min to about 8 L/min,

or about 5 L/min to about 6 L/min.

[0046] The deposition plasma is at a power of about 200 watts, about 250 watts,
about 300 watts, about 400 watts, or about 500 watts to about 600 watts, about 800
watts, about 1,000 watts, about 1,500 watts, about 2,000 watts, about 2,500 watts,
about 3,000 watts, or greater during the deposition process (e.g., depositing the
polysilicon layers and the silicon oxide layers). In one or more examples, the
deposition plasma is at a power of about 200 watts to about 3,000 watts, about 200
watts to about 2,500 watts, about 200 watts to about 2,000 watts, about 200 watts to
about 1,500 watts, about 200 watts to about 1,000 watts, about 200 watts to about
800 watts, about 200 watts to about 500 watts, about 250 watts to about 3,000 watts,
about 250 watts to about 2,500 watts, about 250 watts to about 2,000 watts, about
250 watts to about 1,500 watts, about 250 watts to about 1,000 watts, about 250 watts
to about 800 watts, about 250 watts to about 500 watts, about 500 watts to about
3,000 watts, about 500 watts to about 2,500 watts, about 500 watts to about 2,000
watts, about 500 watts to about 1,500 watts, about 500 watts to about 1,000 watts, or
about 500 watts to about 800 watts.
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[0047] A current is supplied to the PPM while generating a deposition plasma
within the processing chamber. The current can be modulated or otherwise adjusted
while generating the deposition plasma and depositing materials, such as the
polysilicon layers and the silicon oxide layers. In one or more embodiments, a current
of greater than 2.5 ampere (A), greater than 3 A, greater than 4 A, or greater than 5
A is supplied to the PPM while generating the deposition plasma. In some examples,
the current is greater than 5 A, about 5.5 A, about 6 A, about 7 A, about 8 A, about 9
A, or about 10 A to about 12 A, about 14 A, about 15 A, about 18 A, or about 20 A.
For example, the current is greater than 5 A to about 20 A, greater than 5 A to about
18 A, greater than 5 A to about 15 A, greater than 5 Ato about 12 A, greaterthan 5 A
to about 10 A, greater than 5 A to about 8 A, about 6 A to about 20 A, about 6 A to
about 18 A, about 6 A to about 15 A, about 6 A to about 12 A, about 6 A to about 10
A, about 6 A to about 8 A, about 7 A to about 20 A, about 7 A to about 18 A, about 7
A to about 15 A, about 7 A to about 12 A, about 7 A to about 10 A, about 8 A to about
20 A, about 8 Ato about 18 A, about 8 A to about 15 A, about 8 A to about 12 A, about
8 A to about 10 A, about 9 A to about 20 A, about 9 A to about 18 A, about 9 A to
about 15 A, about 9 A to about 12 A, or about 9 A to about 10 A.

[0048] At 240, the substrate support containing the substrate having the lower
portion of the film stack is moved away from the faceplate to a distance of a wide
spacing of greater than 1,000 mils, as measured between the substrate support and
the faceplate. The processing chamber is maintained at a pressure of about 3 Torr to
about 50 Torr while moving the substrate support containing the substrate to the lower
position. The high pressure prevents or reduces the amount of particles and/or other
contaminants from collecting or otherwise depositing on the upper surface of the
substrate moving the substrate support to the lower position. Once in the lower
position and the processing chamber is purged, the substrate is withdrawn or

otherwise removed from the processing chamber.

[0049] The processing chamber is maintained at a pressure of about 3 Torr, about
5 Torr, about 8 Torr, about 10 Torr, about 12 Torr, about 15 Torr, about 18 Torr, about
20 Torr, or about 22 Torr to about 25 Torr, about 28 Torr, about 30 Torr, about 35
Torr, about 40 Torr, about 45 Torr, or about 50 Torr while moving the substrate support
containing the substrate to the lower position. For example, the processing chamber

is maintained at a pressure of about 3 Torr to about 50 Torr, about 5 Torr to about 50
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Torr, about 10 Torr to about 50 Torr, about 15 Torr to about 50 Torr, about 18 Torr to
about 50 Torr, about 20 Torr to about 50 Torr, about 22 Torr to about 50 Torr, about
25 Torr to about 50 Torr, about 28 Torr to about 50 Torr, about 30 Torr to about 50
Torr, about 35 Torr to about 50 Torr, about 40 Torr to about 50 Torr, about 3 Torr to
about 40 Torr, about 5 Torr to about 40 Torr, about 10 Torr to about 40 Torr, about 15
Torr to about 40 Torr, about 18 Torr to about 40 Torr, about 20 Torr to about 40 Torr,
about 22 Torr to about 40 Torr, about 25 Torr to about 40 Torr, about 28 Torr to about
40 Torr, about 30 Torr to about 40 Torr, about 35 Torr to about 40 Torr, about 3 Torr
to about 30 Torr, about 5 Torr to about 30 Torr, about 10 Torr to about 30 Torr, about
15 Torr to about 30 Torr, about 18 Torr to about 30 Torr, about 20 Torr to about 30
Torr, about 22 Torr to about 30 Torr, about 25 Torr to about 30 Torr, or about 28 Torr
to about 30 Torr while moving the substrate support containing the substrate to the

lower position.

[0050] In one or more examples, the wide spacing is about 2,000 mils to about
10,000 mils and the processing chamber is maintained at a pressure of about 10 Torr
to about 40 Torr while moving the substrate support containing the substrate to the
lower position. In some examples, the wide spacing is about 3,000 mils to about 5,000
mils and the processing chamber is maintained at a pressure of about 15 Torr to about
35 Torr while moving the substrate support containing the substrate to the lower
position. In other examples, the wide spacing is about 3,500 mils to about 4,500 mils
and the processing chamber is maintained at a pressure of about 20 Torr to about 30

Torr while moving the substrate support containing the substrate to the lower position.

[0051] At 250, the empty processing chamber is exposed to the conditioning
plasma and the purge cycle during a second conditioning process. The substrate
support is at a narrow spacing from the faceplate during the second conditioning

process.

[0052] The processing chamber is exposed to the second conditioning process in
order to clean and season the processing chamber. The second conditioning process
can be or include cleaning and seasoning processes. The processing chamber is
exposed to a conditioning plasma and a purge cycle during the second conditioning
process. The purge cycle includes exposing the processing chamber to a purge gas

under relatively high pressure and evacuating the processing chamber.
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[0053] During the second conditioning process, the processing chamber is
exposed to the conditioning plasma at a power of about 100 watts to about 800 watts
for about 5 seconds to about 60 seconds, about 10 seconds to about 45 seconds, or
about 15 seconds to about 30 seconds. Also, during the second conditioning process,
the processing chamber is at a pressure of about 5 Torr to about 50 Torr and exposed
to the purge gas having a flow rate of about 5 L/min to about 30 L/min. The purge gas

is or contains nitrogen, argon, helium, or any combination thereof.

[0054] At 260, the substrate is positioned, placed, or otherwise disposed on the
substrate support within the processing chamber. The substrate can be heated to the
desired process temperature by heaters on the substrate support. The substrate
support containing the substrate can be moved towards the faceplate to a distance of
a narrow spacing. In some examples, the narrow spacing is about 50 mils to 1,000
mils, about 100 mils to 500 mils, or about 150 mils to 350 mils, as measured between

the substrate support and the faceplate.

[0055] At 270, the polysilicon layers and silicon oxide layers are sequentially
deposited to produce an upper portion of the film stack on the substrate during one or
more deposition processes, such as a PE-CVD process and/or a thermal CVD
process. The upper portion of the film stack is deposited or otherwise formed on the
lower portion of the film stack. The substrate support is at a narrow spacing from the
faceplate during the deposition process. The polysilicon layers can be doped and
generally contain a p-type doped-polysilicon or an n-type doped-polysilicon. For the
p-type doped-polysilicon, the polysilicon layers contain phosphorus, nitrogen, arsenic,
or any combination thereof. In one or more examples, the polysilicon layer contains
phosphorus doped-polysilicon. The polysilicon layers and silicon oxide layers can be
deposited in the same manner and process for the upper portion of the film stack as

for the lower portion of the film stack.

[0056] At 280, the substrate containing the upper and lower portions of the film
stack is moved away from the faceplate to a distance of a wide spacing of greater
than 1,000 mils, as measured between the substrate support and the faceplate. The
processing chamber is maintained at a pressure of about 3 Torr to about 50 Torr while
moving the substrate support containing the substrate to the lower position. The

process at 280 can be similar or the same as the process at 240. The high pressure
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prevents or reduces the amount of particles and/or other contaminants from collecting
or otherwise depositing on the upper surface of the substrate moving the substrate
support to the lower position. Once in the lower position and the processing chamber
is purged, the substrate is withdrawn or otherwise removed from the processing

chamber.

[0057] In one or more examples, the wide spacing is about 2,000 mils to about
10,000 mils and the processing chamber is maintained at a pressure of about 10 Torr
to about 40 Torr while moving the substrate support containing the substrate to the
lower position. In some examples, the wide spacing is about 3,000 mils to about 5,000
mils and the processing chamber is maintained at a pressure of about 15 Torr to about
35 Torr while moving the substrate support containing the substrate to the lower
position. In other examples, the wide spacing is about 3,500 mils to about 4,500 mils
and the processing chamber is maintained at a pressure of about 20 Torr to about 30

Torr while moving the substrate support containing the substrate to the lower position.

[0058] At 290, the empty processing chamber is exposed to the conditioning
plasma and the purge cycle during a third conditioning process. The substrate support

is at a narrow spacing from the faceplate during the third conditioning process.

[0059] The processing chamber is exposed to the third conditioning process in
order to clean and season the processing chamber. The third conditioning process
can be or include cleaning and seasoning processes. The processing chamber is
exposed to a conditioning plasma and a purge cycle during the third conditioning
process. The purge cycle includes exposing the processing chamber to a purge gas

under relatively high pressure and evacuating the processing chamber.

[0060] During the third conditioning process, the processing chamber is exposed
to the conditioning plasma at a power of about 100 watts to about 800 watts for about
5 seconds to about 60 seconds, about 10 seconds to about 45 seconds, or about 15
seconds to about 30 seconds. Also, during the third conditioning process, the
processing chamber is at a pressure of about 5 Torr to about 50 Torr and exposed to
the purge gas having a flow rate of about 5 L/min to about 30 L/min. The purge gas

is or contains nitrogen, argon, helium, or any combination thereof.

18



WO 2020/149904 PCT/US2019/055895

[0061] Each of the lower portion and upper portion of the film stack independently
contains about 10 pairs, about 15 pairs, about 20 pairs, about 25 pairs, or about 30
pairs to about 35 pairs, about 40 pairs, about 45 pairs, about 50 pairs, or about 60
pairs of the polysilicon layer and the silicon oxide layer. In some examples, each of
the lower portion and upper portion of the film stack independently contains about 10
pairs to about 60 pairs, about 15 pairs to about 50 pairs, or about 20 pairs to about 40

pairs of the polysilicon layer and the silicon oxide layer.

[0062] The film stack contains about 30 pairs, about 40 pairs, about 50 pairs, or
about 60 pairs to about 70 pairs, about 80 pairs, about 90 pairs, about 100 pairs, or
about 120 pairs of the polysilicon layer and the silicon oxide layer. In one or more
examples, the film stack contains about 30 pairs to about 120 pairs, about 40 pairs to
about 120 pairs, about 50 pairs to about 120 pairs, about 70 pairs to about 120 pairs,
about 85 pairs to about 120 pairs, about 100 pairs to about 120 pairs, about 30 pairs
to about 100 pairs, about 40 pairs to about 100 pairs, about 50 pairs to about 100
pairs, about 70 pairs to about 100 pairs, about 85 pairs to about 100 pairs, about 30
pairs to about 80 pairs, about 40 pairs to about 80 pairs, about 50 pairs to about 80
pairs, about 70 pairs to about 80 pairs of the polysilicon layer and the silicon oxide

layer.

[0063] The upper surfaces of the film stack, including each upper surface of the
lower and upper portions, contain less than 200 defects having a particle size of less
than 0.5 uym, such as from 0, 2, 5, 8, about 10, about 12, about 15, about 20, about
25, or about 30 defects to about 35, about 40, about 50, about 60, about 70, about
80, about 100, about 120, about 150, about 180, or about 195 defects having a particle
size of less than 0.5 um. For example, the upper surfaces of the film stack, including
each upper surface of the lower and upper portions, contain from 0 to less than 200,
0 to about 195, 0 to about 180, 0 to about 150, 0 to about 100, O to about 80, O to
about 60, 0 to about 50, O to about 40, 0 to about 30, 0 to about 20, O to about 10,
about 10 to less than 200, about 10 to about 195, about 10 to about 180, about 10 to
about 150, about 10 to about 100, about 10 to about 80, about 10 to about 60, about
10 to about 50, about 10 to about 40, about 10 to about 30, about 10 to about 20,
about 20 to less than 200, about 20 to about 195, about 20 to about 180, about 20 to
about 150, about 20 to about 100, about 20 to about 80, about 20 to about 60, about
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20 to about 50, about 20 to about 40, or about 20 to about 30 defects having a particle

size of less than 0.5 ym.

[0064] The upper surfaces of the film stack, including each upper surface of the
lower and upper portions, contain less than 50 defects having a particle size of greater
than 0.5 um, such as from O, 1, 2, 3, 5, 8, about 10, about 12, about 15, about 18 or
about 20 defects to about 22, about 25, about 30, about 35, about 40, about 45, about
48 defects having a particle size of greater than 0.5 ym. For example, the upper
surfaces of the film stack, including each upper surface of the lower and upper
portions, contain from 0 to less than 50, 0 to about 48, 0 to about 45, 0 to about 40, 0
to about 35, 0 to about 30, 0 to about 25, 0 to about 20, 0 to about 18, 0 to about 15,
0 to about 12, 0 to about 10, 0 to about 5, about 5 to less than 50, about 5 to about
48, about 5 to about 45, about 5 to about 40, about 5 to about 35, about 5 to about
30, about 5 to about 25, about 5 to about 20, about 5 to about 18, about 5 to about
15, about 5 to about 12, about 5 to about 10, about 10 to less than 50, about 10 to
about 48, about 10 to about 45, about 10 to about 40, about 10 to about 35, about 10
to about 30, about 10 to about 25, about 10 to about 20, about 10 to about 18, about
10 to about 15, or about 10 to about 12 defects having a particle size of greater than
0.5 um.

[0065] Embodiments of the present disclosure further relate to any one or more of

the following paragraphs:

[0066] 1. A method of forming a film stack with reduced defects, comprising:
positioning a substrate on a substrate support within a processing chamber;
sequentially depositing polysilicon layers and silicon oxide layers to produce the film
stack on the substrate; supplying a current of greater than 5 ampere (A) to a plasma
profile modulator while generating a deposition plasma within the processing
chamber; exposing the substrate to the deposition plasma while depositing the
polysilicon layers and the silicon oxide layers; and maintaining the processing
chamber at a pressure of greater than 2 Torr to about 100 Torr while depositing the

polysilicon layers and the silicon oxide layers.

[0067] 2. A method of forming a film stack with reduced defects, comprising:

exposing a processing chamber to a conditioning plasma during a first conditioning
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process, wherein the processing chamber comprises a faceplate disposed above a
substrate support; positioning a substrate on the substrate support within the
processing chamber; moving the substrate support to an upper position separated
from the faceplate by a narrow spacing, wherein the narrow spacing is about 50 mils
to 1,000 mils, as measured between the substrate support and the faceplate;
sequentially depositing polysilicon layers and silicon oxide layers to produce a lower
portion of the film stack on the substrate; moving the substrate support containing the
substrate to a lower position separated from the faceplate by a wide spacing, wherein
the wide spacing is greater than 1,000 mils, as measured between the substrate
support and the faceplate; maintaining a pressure of about 10 Torr to about 40 Torr
within the processing chamber while moving the substrate support containing the
substrate to the lower position; removing the substrate comprising the lower portion
of the film stack from the processing chamber; exposing the processing chamber to
the conditioning plasma during a second conditioning process; positioning the
substrate comprising the lower portion of the film stack on the substrate support within
the processing chamber; moving the substrate support to the upper position separated
from the faceplate by the narrow spacing; sequentially depositing the polysilicon
layers and the silicon oxide layers to produce an upper portion of the film stack on the
upper portion of the film stack within the processing chamber; moving the substrate
support to the lower position separated from the faceplate by the wide spacing;
removing the substrate comprising the upper portion of the film stack from the
processing chamber; and exposing the processing chamber to the conditioning

plasma during a third conditioning process.

[0068] 3. A method of forming a film stack with reduced defects, comprising:
exposing a processing chamber to a conditioning plasma at a power of about 100
watts to about 800 watts during a first conditioning process; positioning a substrate on
a substrate support within the processing chamber; sequentially depositing polysilicon
layers and silicon oxide layers to produce a lower portion of the film stack on the
substrate, wherein depositing the polysilicon layers and the silicon oxide layers further
comprises: supplying a current of greater than 5 A to a plasma profile modulator while
generating a deposition plasma within the processing chamber; exposing the
substrate to the deposition plasma while depositing the polysilicon layers and the

silicon oxide layers; and maintaining the processing chamber at a pressure of greater
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than 2 Torr to about 100 Torr while depositing the polysilicon layers and the silicon
oxide layers; removing the substrate comprising the lower portion of the film stack
from the processing chamber; exposing the processing chamber to the conditioning
plasma at the power of about 100 watts to about 800 watts during a second
conditioning process; positioning the substrate comprising the lower portion of the film
stack on the substrate support within the processing chamber; sequentially depositing
the polysilicon layers and the silicon oxide layers to produce an upper portion of the
film stack on the upper portion of the film stack within the processing chamber,
wherein depositing the polysilicon layers and the silicon oxide layers further
comprises: supplying the current of greater than 5 A to the plasma profile modulator
while generating the deposition plasma within the processing chamber; exposing the
substrate to the deposition plasma while depositing the polysilicon layers and the
silicon oxide layers; and maintaining the processing chamber at the pressure of
greater than 2 Torr to about 100 Torr while depositing the polysilicon layers and the
silicon oxide layers; removing the substrate comprising the upper portion of the film
stack from the processing chamber; and exposing the processing chamber to the
conditioning plasma at the power of about 100 watts to about 800 watts during a third

conditioning process.

[0069] 4. The method according to any one of paragraphs 1-3, wherein an upper
surface of the film stack comprises less than 200 defects having a particle size of less

than 0.5 um.

[0070] 5. The method according to any one of paragraphs 1-4, wherein the upper
surface of the film stack comprises from O defects to about 80 defects having a particle

size of less than 0.5 pm.

[0071] 6. The method according to any one of paragraphs 1-5, wherein an upper
surface of the film stack comprises less than 50 defects having a particle size of

greater than 0.5 um.

[0072] 7. The method according to paragraph 6, wherein the upper surface of the
film stack comprises from O defects to about 25 defects having a particle size of

greater than 0.5 um.
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[0073] 8. The method according to any one of paragraphs 1-7, further comprising
adjusting the deposition plasma with the plasma profile modulator while depositing the

polysilicon layers and the silicon oxide layers.

[0074] 9. The method according to paragraph 8, wherein the processing chamber
further comprises a showerhead disposed above the substrate support and an
electrically conductive ring disposed between the substrate support and the
showerhead, and wherein the plasma profile modulator is coupled to the electrically

conductive.

[0075] 10. The method according to any one of paragraphs 1-9, wherein the
current to the plasma profile modulator is greater than 8 A to about 20 A when

generating the deposition plasma.

[0076] 11. The method according to any one of paragraphs 1-10, wherein the
current to the plasma profile modulator is about 9 A to about 15 A when generating

the deposition plasma.

[0077] 12. The method according to any one of paragraphs 1-11, wherein the

deposition plasma is at a power of about 200 watts to about 3,000 watts.

[0078] 13. The method according to any one of paragraphs 1-12, wherein the

deposition plasma is at a power of about 250 watts to about 2,000 watts.

[0079] 14. The method according to any one of paragraphs 1-13, wherein the
processing chamber further comprises a faceplate disposed above the substrate
support, and prior to depositing the polysilicon layers and the silicon oxide layers,
further comprising moving the substrate support to an upper position separated from
the faceplate by a narrow spacing, wherein the narrow spacing is about 50 mils to

1,000 mils, as measured between the substrate support and the faceplate.

[0080] 15. The method according to paragraph 14, wherein the narrow spacing is
about 100 mils to about 500 mils.

[0081] 16. The method according to paragraph 15, wherein the narrow spacing is
about 200 mils to about 300 mils.
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[0082] 17. The method according to any one of paragraphs 1-16, wherein the
processing chamber further comprises a faceplate disposed above the substrate
support, and subsequent to producing the film stack, further comprising moving the
substrate support containing the substrate to a lower position separated from the
faceplate by a wide spacing, wherein the wide spacing is greater than 1,000 mils, as
measured between the substrate support and the faceplate, and maintaining a
pressure of about 3 Torr to about 50 Torr within the processing chamber while moving

the substrate support containing the substrate to the lower position.

[0083] 18. The method according to paragraph 17, wherein the wide spacing is
about 2,000 mils to about 10,000 mils.

[0084] 19. The method according to paragraph 17 or 18, wherein the processing
chamber is maintained at a pressure of about 10 Torr to about 40 Torr while moving

the substrate support containing the substrate to the lower position.

[0085] 20. The method according to any one of paragraphs 17-19, wherein the

wide spacing is about 3,000 mils to about 5,000 mils.

[0086] 21. The method according to any one of paragraphs 17-20, wherein the
processing chamber is maintained at a pressure of about 15 Torr to about 35 Torr

while moving the substrate support containing the substrate to the lower position.

[0087] 22. The method according to any one of paragraphs 1-21, further
comprising igniting a process gas to generate the deposition plasma, wherein the

process gas comprises argon, helium, neon, silane, or any combination thereof.

[0088] 23. The method according to paragraph 22, further comprising introducing

the process gas into the processing chamber at a rate of greater than 2 L/min.

[0089] 24. The method according to paragraph 23, wherein the process gas is

introduced into the processing chamber at a rate of about 3 L/min to about 10 L/min.

[0090] 25. The method according to any one of paragraphs 1-24, wherein the
processing chamber is maintained at a pressure of about 3 Torr to about 50 Torr while

depositing the polysilicon layers and the silicon oxide layers.
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[0091] 26. The method according to any one of paragraphs 1-25, wherein the
processing chamber is maintained at a pressure of about 4 Torr to about 20 Torr while

depositing the polysilicon layers and the silicon oxide layers.

[0092] 27. The method according to any one of paragraphs 1-26, wherein the
substrate is heated to a temperature of about 450°C to about 650°C while depositing

the polysilicon layers and the silicon oxide layers.

[0093] 28. The method according to any one of paragraphs 1-27, wherein the film
stack comprises about 30 pairs to about 100 pairs of the polysilicon layer and the

silicon oxide layer.

[0094] 29. The method according to any one of paragraphs 1-28, wherein the

polysilicon layer comprises a p-type doped-polysilicon or an n-type doped-polysilicon.

[0095] 30. The method according to any one of paragraphs 1-29, wherein the

polysilicon layer comprises phosphorus doped-polysilicon.

[0096] 31. The method according to any one of paragraphs 1-30, further
comprising exposing the substrate to a deposition gas comprising a silicon precursor,
a phosphorus precursor, and a carrier gas to deposit the polysilicon layer during a

plasma-enhanced chemical vapor deposition process.

[0097] 32. The method according to paragraph 31, wherein the silicon precursor

comprises silane and the phosphorus precursor comprises phosphine.

[0098] 33. The method according to any one of paragraphs 1-32, further
comprising exposing the substrate to a deposition gas comprising a silicon precursor,
an oxygen precursor, and a carrier gas to deposit the silicon oxide layer during a

plasma-enhanced chemical vapor deposition process.

[0099] 34. The method according to paragraph 33, wherein the silicon precursor

comprises tetraethyl orthosilicate and the oxygen precursor comprises nitrous oxide.

[00100] 35. The method according to any one of paragraphs 1-34, wherein prior to
positioning the substrate on the substrate support, further comprising exposing the

processing chamber to a conditioning process, comprising: exposing the processing
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chamber to a conditioning plasma; exposing the processing chamber to a purge gas;

and evacuating the processing chamber.

[00101] 36. The method according to any one of paragraphs 1-35, wherein the

conditioning process comprises cleaning and seasoning processes.

[00102] 37. The method according to any one of paragraphs 1-36, wherein the
processing chamber is exposed to the conditioning plasma for about 5 seconds to

about 60 seconds and at a power of about 100 watts to about 800 watts.

[00103] 38. The method according to any one of paragraphs 1-37, wherein the
processing chamber is at a pressure of about 5 Torr to about 50 Torr and is exposed

to the purge gas having a flow rate of about 5 L/min to about 30 L/min.

[00104] 39. The method according to paragraph 38, wherein the pressure is about
20 Torr to about 30 Torr and the flow rate is about 15 L/min to about 25 L/min.

[00105] 40. The method according to paragraph 38, wherein: the processing
chamber further comprises a faceplate disposed above the substrate support; the
substrate support is disposed at a lower position separated from the faceplate by a
wide spacing; and the wide spacing is greater than 1,000 mils, as measured between

the substrate support and the faceplate.

[00106] 41. The method according to paragraph 40, wherein the wide spacing is
about 2,000 mils to about 10,000 mils.

[00107] 42. The method according to paragraph 40, wherein the wide spacing is
about 3,000 mils to about 5,000 mils.

[00108] 43. The method according to any one of paragraphs 1-42, wherein
subsequent to producing the film stack on the substrate, further comprising removing
the substrate from the processing chamber and exposing the processing chamber to
a conditioning process, comprising: exposing the processing chamber to a
conditioning plasma; exposing the processing chamber to a purge gas; and

evacuating the processing chamber.
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[00109] 44. The method according to paragraph 43, wherein the conditioning

process comprises cleaning and seasoning processes.

[00110] 45. The method according to paragraph 43, wherein the processing
chamber is exposed to the conditioning plasma for about 5 seconds to about 60

seconds and at a power of about 100 watts to about 800 watts.

[00111] 46. The method according to paragraph 43, wherein the processing
chamber is at a pressure of about 5 Torr to about 50 Torr and is exposed to the purge
gas having a flow rate of about 5 L/min to about 30 L/min; and/or wherein the purge

gas comprises nitrogen, argon, helium, or any combination thereof.

[00112] 47. The method according to paragraph 46, wherein the pressure is about
20 Torr to about 30 Torr and the flow rate is about 15 L/min to about 25 L/min.

[00113] 48. The method according to paragraph 46, wherein: the processing
chamber further comprises a faceplate disposed above the substrate support; the
substrate support is disposed at a lower position separated from the faceplate by a
wide spacing; and the wide spacing is greater than 1,000 mils, as measured between

the substrate support and the faceplate.

[00114] 49. The method according to paragraph 48, wherein the wide spacing is
about 2,000 mils to about 10,000 mils.

[00115] 50. The method according to paragraph 48, wherein the wide spacing is
about 3,000 mils to about 5,000 mils.

[00116] 51. The method according to any one of paragraphs 1-50, wherein the film
stack comprises a lower portion and an upper portion, wherein each of the lower and
upper portions comprises the polysilicon layers and the silicon oxide layers, and
wherein the lower portion is disposed on the substrate and the upper portion is

disposed on the lower portion.

[00117] 52. The method according to paragraph 51, wherein producing the film
stack further comprises: sequentially depositing the polysilicon layers and the silicon
oxide layers to produce the lower portion of the film stack; removing the substrate

comprising the lower portion of the film stack from the processing chamber; exposing
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the processing chamber to a conditioning process; placing the substrate comprising
the lower portion of the film stack into the processing chamber; and then sequentially
depositing the polysilicon layers and the silicon oxide layers to produce the upper

portion of the film stack.

[00118] 53. The method according to paragraph 52, wherein the conditioning
process comprises: exposing the processing chamber to a conditioning plasma;
exposing the processing chamber to a purge gas; and then evacuating the processing

chamber.

[00119] 54. The method according to any one of paragraphs 1-53, wherein the

conditioning process comprises cleaning and seasoning processes.

[00120] 55. The method according to any one of paragraphs 1-54, wherein the
processing chamber is exposed to the conditioning plasma for about 5 seconds to

about 60 seconds and at a power of about 100 watts to about 800 watts.

[00121] 56. The method according to any one of paragraphs 1-55, wherein the
processing chamber is at a pressure of about 5 Torr to about 50 Torr and is exposed
to the purge gas having a flow rate of about 5 L/min to about 30 L/min; and/or wherein

the purge gas comprises nitrogen, argon, helium, or any combination thereof.

[00122] 57. The method according to paragraph 56, wherein the pressure is about
20 Torr to about 30 Torr and the flow rate is about 15 L/min to about 25 L/min.

[00123] 58. The method according to paragraph 52, wherein: the processing
chamber further comprises a faceplate disposed above the substrate support; the
substrate support is disposed at a lower position separated from the faceplate by a
wide spacing during the conditioning process; and the wide spacing is greater than

1,000 mils, as measured between the substrate support and the faceplate.

[00124] 59. The method according to paragraph 58, wherein the wide spacing is
about 2,000 mils to about 10,000 mils.

[00125] 60. The method according to paragraph 58, wherein the wide spacing is
about 3,000 mils to about 5,000 mils.
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[00126] 61. The method according to paragraph 52, wherein: the processing
chamber further comprises a faceplate disposed above the substrate support; the
substrate support is disposed at an upper position separated from the faceplate by a
narrow spacing while depositing the polysilicon layers and the silicon oxide layers;
and the narrow spacing is about 50 mils to 1,000 mils, as measured between the

substrate support and the faceplate.

[00127] 62. The method according to paragraph 61, wherein the narrow spacing is
about 100 mils to about 500 mils.

[00128] 63. The method according to paragraph 61, wherein the narrow spacing is
about 200 mils to about 300 mils.

[00129] While the foregoing is directed to embodiments of the disclosure, other and
further embodiments may be devised without departing from the basic scope thereof,
and the scope thereof is determined by the claims that follow. All documents
described herein are incorporated by reference herein, including any priority
documents and/or testing procedures to the extent they are not inconsistent with this
text. As is apparent from the foregoing general description and the specific
embodiments, while forms of the present disclosure have been illustrated and
described, various modifications can be made without departing from the spirit and
scope of the present disclosure. Accordingly, it is not intended that the present
disclosure be limited thereby. Likewise, the term "comprising" is considered
synonymous with the term "including” for purposes of United States law. Likewise
whenever a composition, an element or a group of elements is preceded with the
transitional phrase "comprising", it is understood that we also contemplate the same
composition or group of elements with transitional phrases "consisting essentially of,"
"consisting of", "selected from the group of consisting of," or "is" preceding the

recitation of the composition, element, or elements and vice versa.

[00130] Certain embodiments and features have been described using a set of
numerical upper limits and a set of numerical lower limits. It should be appreciated
that ranges including the combination of any two values, e.g., the combination of any

lower value with any upper value, the combination of any two lower values, and/or the
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combination of any two upper values are contemplated unless otherwise indicated.

Certain lower limits, upper limits and ranges appear in one or more claims below.
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What is claimed is:

1. A method of forming a film stack with reduced defects, comprising:

positioning a substrate on a substrate support within a processing chamber;

sequentially depositing polysilicon layers and silicon oxide layers to produce
the film stack on the substrate;

supplying a current of greater than 5 ampere (A) to a plasma profile modulator
while generating a deposition plasma within the processing chamber,

exposing the substrate to the deposition plasma while depositing the polysilicon
layers and the silicon oxide layers; and

maintaining the processing chamber at a pressure of greater than 2 Torr to

about 100 Torr while depositing the polysilicon layers and the silicon oxide layers.

2. The method of claim 1, wherein an upper surface of the film stack comprises
less than 200 defects having a particle size of less than 0.5 um, and wherein an upper
surface of the film stack comprises less than 50 defects having a particle size of

greater than 0.5 um.

3. The method of claim 1, further comprising adjusting the deposition plasma with
the plasma profile modulator while depositing the polysilicon layers and the silicon
oxide layers, and wherein the current to the plasma profile modulator is greater than

8 A to about 20 A while generating the deposition plasma.

4. The method of claim 1, wherein the current to the plasma profile modulator is
about 9 A to about 15 A while generating the deposition plasma, and wherein the

deposition plasma is at a power of about 200 watts to about 3,000 watts.

5. The method of claim 1, wherein the processing chamber further comprises a
faceplate disposed above the substrate support, and prior to depositing the polysilicon
layers and the silicon oxide layers, further comprising moving the substrate support to
an upper position separated from the faceplate by a narrow spacing, wherein the
narrow spacing is about 50 mils to 1,000 mils, as measured between the substrate

support and the faceplate.
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6. The method of claim 1, wherein the processing chamber further comprises a
faceplate disposed above the substrate support, and subsequent to producing the film
stack, further comprising:
moving the substrate support containing the substrate to a lower position
separated from the faceplate by a wide spacing, wherein the wide
spacing is greater than 1,000 mils, as measured between the
substrate support and the faceplate; and
maintaining a pressure of about 3 Torr to about 50 Torr within the
processing chamber while moving the substrate support containing

the substrate to the lower position.

7. The method of claim 1, further comprising:
maintaining a pressure of about 3 Torr to about 50 Torr within the processing
chamber while depositing the polysilicon layers and the silicon oxide layers; and
heating the substrate to a temperature of about 450°C to about 650°C while

depositing the polysilicon layers and the silicon oxide layers.

8. The method of claim 1, wherein the film stack comprises about 30 pairs to about
100 pairs of the polysilicon layer and the silicon oxide layer; and wherein the

polysilicon layer comprises a p-type doped-polysilicon or an n-type doped-polysilicon.

9. The method of claim 1, wherein the film stack comprises a lower portion and
an upper portion, wherein each of the lower and upper portions comprises the
polysilicon layers and the silicon oxide layers, and wherein the lower portion is

disposed on the substrate and the upper portion is disposed on the lower portion.

10.  The method of claim 9, wherein producing the film stack further comprises:
sequentially depositing the polysilicon layers and the silicon oxide layers
to produce the lower portion of the film stack;
removing the substrate comprising the lower portion of the film stack
from the processing chamber;
exposing the processing chamber to a conditioning process;
placing the substrate comprising the lower portion of the film stack into

the processing chamber; and then
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sequentially depositing the polysilicon layers and the silicon oxide layers

to produce the upper portion of the film stack.

11.  The method of claim 10, wherein the conditioning process comprises:
exposing the processing chamber to a conditioning plasma,
exposing the processing chamber to a purge gas; and then
evacuating the processing chamber,
wherein the processing chamber is at a pressure of about 5 Torr to about
50 Torr and is exposed to the purge gas having a flow rate of about
5 L/min to about 30 L/min.

12. The method of claim 10, wherein:
the processing chamber further comprises a faceplate disposed above
the substrate support;
the substrate support is disposed at a lower position separated from the
faceplate by a wide spacing during the conditioning process; and
the wide spacing is greater than 1,000 mils, as measured between the

substrate support and the faceplate.

13.  The method of claim 10, wherein:
the processing chamber further comprises a faceplate disposed above
the substrate support;
the substrate support is disposed at an upper position separated from
the faceplate by a narrow spacing while depositing the polysilicon
layers and the silicon oxide layers; and
the narrow spacing is about 50 mils to 1,000 mils, as measured between

the substrate support and the faceplate.

14. A method of forming a film stack with reduced defects, comprising:

exposing a processing chamber to a conditioning plasma during a first
conditioning process, wherein the processing chamber comprises a faceplate
disposed above a substrate support;

positioning a substrate on the substrate support within the processing chamber;
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moving the substrate support to an upper position separated from the faceplate
by a narrow spacing, wherein the narrow spacing is about 50 mils to 1,000 mils, as
measured between the substrate support and the faceplate;

sequentially depositing polysilicon layers and silicon oxide layers to produce a
lower portion of the film stack on the substrate;

moving the substrate support containing the substrate to a lower position
separated from the faceplate by a wide spacing, wherein the wide spacing is greater
than 1,000 mils, as measured between the substrate support and the faceplate;

maintaining a pressure of about 10 Torr to about 40 Torr within the processing
chamber while moving the substrate support containing the substrate to the lower
position;

removing the substrate comprising the lower portion of the film stack from the
processing chamber,

exposing the processing chamber to the conditioning plasma during a second
conditioning process;

positioning the substrate comprising the lower portion of the film stack on the
substrate support within the processing chamber;

moving the substrate support to the upper position separated from the
faceplate by the narrow spacing;

sequentially depositing the polysilicon layers and the silicon oxide layers to
produce an upper portion of the film stack on the upper portion of the film stack within
the processing chamber;

moving the substrate support to the lower position separated from the faceplate
by the wide spacing;

removing the substrate comprising the upper portion of the film stack from the
processing chamber; and

exposing the processing chamber to the conditioning plasma during a third

conditioning process.

15. A method of forming a film stack with reduced defects, comprising:
exposing a processing chamber to a conditioning plasma at a power of about
100 watts to about 800 watts during a first conditioning process;

positioning a substrate on a substrate support within the processing chamber;
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sequentially depositing polysilicon layers and silicon oxide layers to produce a
lower portion of the film stack on the substrate, wherein depositing the polysilicon
layers and the silicon oxide layers further comprises:

supplying a current of greater than 5 ampere (A) to a plasma profile
modulator while generating a deposition plasma within the
processing chamber,

exposing the substrate to the deposition plasma while depositing the
polysilicon layers and the silicon oxide layers; and

maintaining the processing chamber at a pressure of greater than 2
Torr to about 100 Torr while depositing the polysilicon layers and
the silicon oxide layers;

removing the substrate comprising the lower portion of the film stack from the
processing chamber;

exposing the processing chamber to the conditioning plasma at the power of
about 100 watts to about 800 watts during a second conditioning process;

positioning the substrate comprising the lower portion of the film stack on the
substrate support within the processing chamber;

sequentially depositing the polysilicon layers and the silicon oxide layers to
produce an upper portion of the film stack on the upper portion of the film stack within
the processing chamber, wherein depositing the polysilicon layers and the silicon
oxide layers further comprises:

supplying the current of greater than 5 A to the plasma profile
modulator while generating the deposition plasma within the
processing chamber;

exposing the substrate to the deposition plasma while depositing the
polysilicon layers and the silicon oxide layers; and

maintaining the processing chamber at the pressure of greater than
2 Torr to about 100 Torr while depositing the polysilicon layers
and the silicon oxide layers;

removing the substrate comprising the upper portion of the film stack from the
processing chamber; and

exposing the processing chamber to the conditioning plasma at the power of

about 100 watts to about 800 watts during a third conditioning process.
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