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METHODS OF FORMING OXIDE LAYERS ON SUBSTRATES

FIELD

[0001] Embodiments of the present invention generally relate to methods of
processing substrates.

BACKGROUND

[0002] Oxide layers may be utilized in semiconductor devices, photovoltaic cells,

light emitting diodes (LEDs) or the like as an insulating layer, such as a dielectric
layer. Accordingly, oxide layers are required to have, for example, suitable dielectric
properties and layer quality to prevent leakage between conducting layers, such as
between the channel and gate of a transistor device. Typically, oxide layers
thermally grown at high temperatures (e.g., >700 degrees Celsius) exhibit suitable
dielectric properties and layer quality. Unfortunately, reduced thermal budgets and
more stringent critical dimension requirements make high temperature thermal
growth processes unsuitable for advanced device nodes (in a non-limiting example,
at 45 nanometer technology nodes and less ~ having a width of about 320
Angstroms or less — according to the International Technology Roadmap for
Semiconductors (ITRS).

[0003] Accordingly, to meet advanced device requirements, oxide layers may be
thermally grown at lower temperatures (e.g., <700 degrees Celsius), or deposited at
low pressures (which may vary depending upon the process used). Unfortunately,
the quality of oxide layers formed under such processing conditions is poor and
typically results defects in the oxide layer.

[0004] Thus, there is a need in the art for improved methods for forming oxide

layers.

SUMMARY

[0005] Methods for processing substrates are provided herein. In some
embodiments, for a method for processing a substrate includes providing a
substrate having an oxide layer disposed thereon, the oxide layer including one or
more defects; and exposing the oxide layer to a plasma formed from a process gas
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comprising an oxygen-containing gas to repair the one or more defects. In some
embodiments, the oxide layer having one or more defects may be formed on the
substrate. In some embodiments, forming the oxide layer further comprises
depositing the oxide layer atop the substrate or atop a semiconductor device
disposed on the substrate.

[0006] In some embodiments, forming the oxide layer further comprises thermally
oxidizing the surface of the substrate or of a device disposed on the substrate to
form the oxide layer. In some embodiments, a processing temperature is
maintained at about 700 degrees Celsius or below during the thermal oxidation of
the surface. Other and further embodiments of the present invention are described
below.

[0007] In some embodiments, a method for processing a substrate may include
providing a substrate having an oxide layer disposed thereon; and treating the oxide
layer with a plasma formed from a process gas comprising an oxygen-containing
gas. In some embodiments, providing the substrate may further include forming the
oxide layer on the substrate to a desired thickness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the present invention, briefly summarized above and
discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the invention depicted in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical embodiments of this
invention and are therefore not to be considered limiting of its scope, for the
invention may admit to other equally effective embodiments.

[0009] Figure 1 depicts a flow chart of a method for processing a substrate in
accordance with some embodiments of the present invention.

[0010] Figures 2A-C illustrate stages of fabrication of a semiconductor structure in
accordance with some embodiments of the present invention.

[0011] Figure 3 illustrates a plasma reactor suitable for carrying out embodiments
of the present invention.
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[0012] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. It is contemplated
that elements and features of one embodiment may be beneficially incorporated in
other embodiments without further recitation.

DETAILED DESCRIPTION

[0013] Methods for processing substrates are provided herein. The inventive
methods include the formation of an oxide layer compatible with thermal budget and
critical dimension requirements of advanced device nodes. The inventive methods
advantageously provide an oxide layer having improved dielectric properties, layer
quality, and formed to a desired layer thickness using a reduced thermal budget.

[0014] Figure 1 depicts an illustrative method 100 for forming an oxide layer in
accordance with embodiments of the present invention. The method 100 is
described herein with respect to the structure depicted in Figures 2A-C and may be
performed, for example, in a suitable reactor, such as is described below with
respect to Figure 3. For example, Figures 2A-C depict stages of fabrication of a
semiconductor structure 200 including an oxide layer 206 formed over a
semiconductor substrate 202.

[0015] The method 100 begins at 102 by providing a substrate 202 (depicted in
Figure 2A) on which an oxide layer of the present invention may be formed. The
substrate 202 may be a substrate as used in the fabrication of semiconductor
devices, solar and photovoltaic celis, LED, OLED, digital displays, or the like, and
may have various dimensions, such as 200 or 300 mm diameter wafers, rectangular
or square panels, or the like. The substrate 202 may comprise a material such as
crystalline silicon (e.g., Si<100> or Si<111>), silicon oxide, strained silicon, silicon
germanium, doped or undoped polysilicon, doped or undoped silicon wafers,
patterned or non-patterned wafers, silicon on insulator (SOl), carbon doped silicon
oxides, silicon nitride, doped silicon, germanium, gallium arsenide, glass, sapphire,
or other suitable substrate upon which an oxide layer is to be formed.
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[0016] The substrate 202 may have one or more features 203 formed thereon.
The feature 203 may include one or more devices, film stacks, gate electrodes, or
combinations thereof. For example, such devices may include one or more of a
transistor, a light emitting diode (LED), a photovoltaic cell, a non-volatile memory
device (e.g., Flash memory), or a volatile memory device (e.g., DRAM memory).

[0017] In some embodiments, the feature 203 on the substrate 202 may be a fim
stack (not shown). Such a film stack may be any stack of materials to be oxidized
that may benefit from the present invention. For example, in some embodiments,
such as in flash memory applications, the film stack may be a gate stack of a flash
memory cell comprising a tunnel oxide layer, a floating gate layer, a single or multi-
layer dielectric layer comprising the Interpoly Dielectric (IPD) (a non-limiting example
of the IPD is a multi-layer ONO layer comprising a nitride layer disposed between a
first and second oxide layer), and a control gate layer. The oxide layers typically
comprise silicon and oxygen, such as silicon oxide (SiOy), silicon oxynitride (SiON),
or the like. The nitride layer typically comprises silicon and nitrogen, such as silicon
nitride (SiN), or the like. In some embodiments, a multi-layer comprising
SiOz/Al,03/SiO; can also be used as the IPD layer. The fioating gate layer and the
control gate layer typically comprise a conductive material, such as polysilicon,
metals, or the like. Other film stacks in other applications may be advantageously
oxidized in accordance with the teachings provided herein, such as dynamic random
access memory (DRAM) metal electrode / polysilicon gate stacks, Charge Trap
Flash (CTF) for Non-volatile Memory (NVM), or the like. The DRAM metal electrode
is typically tungsten (W) with interlayers of titanium nitride (TiN) or tungsten nitride
(WN) between the tungsten and polysilicon layers. Charge Trap Flash (CTF) for
Non-volatile Memory (NVM) uses a SiO, / SiN / Al;O3 gate stack with a metal
electrode of tantalum nitride (TaN) or titanium nitride (TiN) that may also benefit from
sidewall oxidation after gate etch.

[0018] In some embodiments, as depicted in Figure 2B, the substrate 202 may
have an oxide layer 204 disposed thereon that may include one or more defects
205, discussed in more detail below. The oxide layer 204 may be disposed on the
substrate 202, the feature 203 (not shown), or both the substrate 202 and the
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feature 203 (not shown). Alternatively, at 104, the oxide layer 204 may be formed
on the substrate 202, the feature 203, or both the substrate 202 and the feature 203.

[0019] The oxide layer 204 may be any suitable oxide layer utilized with
semiconductor devices. For example, the oxide layer 204 may be a high-k dielectric
layer forming the gate oxide of a logic device such as a metal oxide semiconductor
field effect transistor (MOSFET) or a Flash memory device, a high-k dielectric layer
disposed between the elecirodes of a DRAM capacitor, or the like. Exemplary
materials forming the oxide layer 204 may include hafnium oxide (HfO), hafnium
silicon oxide (HfSiOy), hafnium silicon oxynitride (HfSiO«Ny), aluminum oxide (Al2O3),
silicon oxide (SiOy), silicon oxynitride (SiON), and the like. The oxide layer 204 may
be formed to a thickness of up to about 80 Angstroms, or between about 5 to about
200 Angstroms using either a thermal oxidation or deposition process discussed
below.

[0020] The oxide layer 204 may be formed by any oxidation process capable of
meet the thermal budget and critical dimension requirements of advanced device
nodes (e.g., a first process). Suitable oxidation processes may include thermal
oxidation at low temperature (e.g., <700 degrees Celsius), low pressure chemical
vapor deposition (LPCVD), atomic layer deposition (ALD), plasma enhanced
chemical vapor deposition (PECVD), or combinations thereof.

[0021] The oxide layer 204 may be formed by an oxidation process that oxidizes a
surface of the substrate 202, such as a thermal oxidation process which consumes a
portion of the substrate proximate the surface to form the oxide layer 204. For
example, in some embodiments, the oxide layer 204 may be formed thermally in an
oxygen-containing environment.

[0022] Using a thermal oxidation process, the oxide layer 204 may be formed by
maintaining the substrate at processing temperature of about 700 degrees Celsius
or below during the thermal oxidation process (although greater temperatures may
be used). At these lower temperatures, several effects may be minimized in the
semiconductor structure 200, such as oxide diffusion at the interface of adjacent
layers (e.g., bird’s beak), reduction of grain coarsening in polysilicon gate structures
(e.g., gate electrodes of transistor, non-volatile memory, volatile memory devices)
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and may negatively impact device performance, and/or reduction of grain
coarsening or grain recrystallization in high-k dielectric gate oxides used in one or
more of the semiconductor devices described above. In some embodiments, the
oxide formation on metal electrodes or metal gates, for example, the metal electrode
of the film stack described above, may be limited by using the exemplary thermal
oxidation process at low temperatures (e.g., <700 degrees Celsius).

[0023] Alternatively, in some embodiments, the oxide layer 204 may be formed
atop the surface of the substrate 202, for example, by a deposition process, such as
CVD, LPCVD, PECVD, ALD, or the like. In some embodiments, the oxide layer 204
may be formed atop the surface of the substrate 202 by an LPCVD process.
LPCVD processes typically utilize lower pressures that may be advantageous for
preventing undesired chemical reactions in one or more precursor gases utilized to
deposition the oxide layer 204 atop the substrate 202.

[0024] Using an LPCVD process, the oxide layer 204 may be deposited on the
substrate 202 from a chemical vapor resulting from a desired chemical reaction of
one or more precursor gases comprising a deposition gas mixture. For example, the
deposition gas mixture may include one or more precursor gases, and may
optionally further include a carrier gas. In some embodiments, for example, when
forming an oxide layer comprising silicon oxide (SiOy), the deposition gas mixture
may comprise a silicon-containing gas, an oxygen-containing gas, and the carrier
gas. In some embodiments, for example, when forming an oxide layer comprising
hafnium oxide (HfO,), the deposition gas mixture can comprise a hafnium-containing
gas, an oxygen-containing gas, and the carrier gas.

[0025] Exemplary precursor gases, such as a silicon-containing gas may include,
but are not limited to, one or more of silanes, halogenated silanes, and
organosilanes. Exemplary oxygen-containing gases may include, but are not limited
to, one or more of oxygen (Oz), ozone (Oz), or water vapor (H20). The carrier gas
may include nitrogen (N2), hydrogen (H 2), argon, helium and combinations thereof.
A carrier gas may be selected based the identity of the one or more precursor gases
and/or the process temperature during the deposition process. The deposition gas
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mixture and/or the substrate 202 may be maintained at a processing temperatures

and pressures suitable for depositing the oxide layer.

[0026] In some embodiments, for example, due to the thermal oxidation or
deposition processes utilized to form the oxide layer, the oxide layer 204 may
include one or more defects 205 (illustrated in Figure 2B). For example, the one or
more defects 205 can be any such defect that undesirably affects the dielectric
properties of the oxide layer 204. For example, defects may include structural
defects, such as cracks, lattice defects, unbonded elements, deviations from ideai
stoichiometry, and the like. Defects may further include impurities, for example
impurities resultant from one or more of the process gases utilized to form the oxide
layer 204, from the presence of materials, such as those comprising the substrate
202, or from any other source.

[0027] Next, at 106, the oxide layer 204 may be treated by exposure to a oxygen-
containing plasma 206 (as illustrated in Figure 2B). The plasma oxidation process is
a second process different than the first process used to form the oxide layer 204.
The inventors have discovered that plasma oxidation treatment can result in less
oxide thickening of oxide films as compared to thermal oxidation processes, even at
the same oxide thickness target on bare silicon. This indicates that more aggressive
plasma oxidation conditions may be used for oxide film quality improvement without
the undesirable thickening of the oxide layer. The inventors believe that the plasma
oxidation interacts more with the bulk of the oxide, as compared to thermal oxidation
processes that tend to diffuse through the oxide film and undesirably grow at the
interface of the oxide film and the underlying substrate. For example, although the
quality of the oxide layer can be improved by subsequent thermal oxidation of the
oxide layer at higher temperatures, the inventors have noticed that a resultant
amount of layer thickening caused by such thermal oxidation undesirably affects
feature geometry. In addition, the increased thermal budget required by such
thermal oxidation makes thermal treatment of such films less desirable.

[0028] The inventors have further discovered that exposing oxide films to a plasma
treatment as described herein can advantageously improve properties of the oxide
film as measured by an improved Breakdown Voltage (BV) and reduced dielectric
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leakage. In comparing plasma treatment of oxide films to thermal treatment of oxide
films, the inventors have further unexpectedly discovered that exposing oxide films
to a plasma treatment as described herein can improve oxide film properties, such
as the breakdown voltage and dielectric leakage, much better than thermal oxidation
treatment of oxide films. The inventors believe that the deposited oxide film
improvement occurs through oxidation of the oxide film itself and brings the
composition of the deposited oxide fiim closer to an ideal stoichiometric
configuration.

[0029] The plasma 206 may be formed from a process gas including an oxygen-
containing gas and, optionally, a second gas. The oxygen-containing gas may
include one or more of oxygen (QOg), ozone (Os), water vapor (H20), nitrous oxide
(N20), or nitric oxide (NO). The second gas may include one or more of an inert, or
noble gas (such as argon (Ar), helium (He), neon (Ne), or the like), hydrogen (H>),
deuterium (D), or the like. In some embodiments, the process gas may consist
essentially of the oxygen-containing gas and, optionally, the second gas (e.g., the
process gas does not include a substantial source of other elements, such as
silicon, that would result in formation of an oxide of that element, such as silicon
oxide, or the like.)

[0030] For example, the process gas comprising the oxygen-containing gas and
the second gas may be introduced into a plasma reactor, such as the plasma
reactor described below with respect to Figure 3. In some embodiments, the
oxygen-containing gas may be about 100 percent of the process gas. In some
embodiments, the oxygen-containing gas may be up to about 100 percent, between
about 2 — 100 percent, up to about 50 percent, between about 2 — 50 percent, up to
about 20 percent, between about 2 — 20 percent, up to about 4 percent, between
about 2 — 4 percent, or greater than about 2 percent, of the process gas (e.g., of the
total amount of oxygen (Oz) and second gas provided). In some embodiments, the

ratio may be adjusted to control the overall thickness of the oxide layer 204.

[0031] In some embodiments, the process gas may be provided at total flow rate of
between about 100 — 2000 scem, or at about 150 sccm. For example, the oxygen-
containing gas and the second gas may be provided at a total flow rate of between
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about 100 - 2000 sccm, or at about 150 sccm, in the percentage ranges described
above. In one specific embodiment, oxygen (O;) is provided at about 10 sccm and
argon (Ar) is provided at about 190 sccm. The second gas may be provided to
prevent recombination of the ionized oxygen-containing gas. For example, in some
embodiments, the flow rate ratio of oxygen-containing gas to second gas may be
decreased to facilitate higher oxidation rates based on the identity of the second gas
and the processing pressure. In some embodiments, the second gas may be added
to the oxygen-containing gas to sustain a plasma, such as the plasma 206 described
below, during the method 100.

[0032] The plasma 206 may be generated from the process gas above to improve
the quality of the oxide layer 204 (for example, as shown by the reduction of defects
205 in Figure 2C). The plasma may be formed in a plasma reactor, such as the
plasma reactor described below, capable of generating plasma at high densities, for
example, between about 10" to about 10" ions/ecm®, or greater than about 10"
ions/cm?.

[0033] The plasma 206 may be formed, for example in a process chamber
configured for processing 300 mm diameter substrates by applying a source power
up to about 5000 Watts, or between about 500 to about 2500 Watts, at suitable
frequency to form a plasma (for example, in the MHz or GHz range, such as at
about 13.56 MHz). In some embodiments, the plasma 206 is formed at densities of
between about 10 to about 10" jons/cm®. In some embodiments, the plasma has
an ion energy of up to about 30 eV, or between about 15 to about 25 eV. The
plasma may be formed in-situ, quasi-remotely, or remotely, and may be continuously
applied or pulsed during operation, or in any configuration suitable to improving the
quality of the oxide layer 204,

[0034] The substrate 202 may be biased while treating the oxide layer 204 with the
plasma 206, for example, to control the flux of ions to the surface of the oxide layer
204, and, in some embodiments, to control additional thickness of the oxide layer
204 due to the plasma 206. In some embodiments, a bias voltage is applied to the
substrate 202 at between about 50 to about 100 Volts. In some embodiments, the
substrate is not biased during plasma treatment.
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[0035] The plasma may be formed in a low pressure process, thereby reducing the
likelihood of contamination induced defects. For example, in some embodiments,
the oxide layer 230 may be formed at a pressure of about 5 mTorr, or between
about 5 to about 80 mTorr, or less than about 500 mTorr. In some embodiments,
ion bombardment-induced defects that might occur at such low pressure levels may
be limited or prevented by using a quasi-remote plasma source as described below
with respect to Figure 3 or, optionally, by pulsing the plasma source power.

fo03s] The substrate 202 may be maintained at about room temperature (about
22.5 degrees Celsius), or between about 20 to about 25 degrees Celsius, or at a
temperature of between about 50 — 350 degrees Celsius. The low temperature of
the process reduces the energy of the plasma constituents, thereby limiting diffusion
of oxygen and accordingly, facilitates achieving a desired critical dimension for the
oxide layer 204. The low temperature process further advantageously may promote
plasma interaction with the bulk of the deposited oxide.

[0037] The plasma 206 may be utilized to treat the oxide layer 204 for any suitable
duration necessary to improve layer quality (e.g., heal defects 205) while limiting
increase in the thickness of the oxide layer 204. In some embodiments, the duration
of the plasma process may be between about 10 to about 40 seconds, although any
suitable duration, longer or shorter, may be utilized. In some embodiments, the
thickness of the oxide layer 204 may increase by between about 2 to about 30
percent, or less than about 30 percent over the initial thickness of the oxide layer
formed at 104 during exposure to the plasma 206.

[0038] After the exposure of the oxide layer 204 to the plasma 206 to repair the
one or more defects 205 in the oxide layer 204, the method 100 generally ends.
However, additional embodiments of the method 100 are possible. For example,
104 and 106 may be repeated in an iterative sequence to form the oxide layer 204 to
a desired thickness. An iteration may include forming an oxide layer at 104 and
exposing the oxide layer to a plasma at 106. For example, a second iteration of the
method 400 may include forming a second oxide layer (not shown) atop the treated
oxide layer 204 and exposing the second oxide layer to a plasma to repair one or
more defects in the second oxide layer.
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[0039] Embodiments of the present invention may be carried out in suitably
equipped plasma reactors, such as Decoupled Plasma Oxidation (DPO) reactors
available from Applied Materials, Inc., of Santa Clara, California. Other suitable
plasma reactors may also be utilized. For example, Figure 3 depicts an illustrative
plasma reactor 300 suitable for carrying out oxide formation processes in
accordance with embodiments of the present invention. The reactor 300 may
provide a low ion energy plasma via an inductively coupled plasma source power
applicator driven by a pulsed or continuous wave (CW) RF power generator. The
reactor includes a chamber 310 having a cylindrical side wall 312 and a ceiling 314
which may be either dome-shaped (as shown in the drawing), flat, or other
geometry. The plasma source power applicator comprises a coil antenna 316
disposed over the ceiling 314 and coupled through an impedance match network
318 to an RF power source consisting of an RF power generator 320 and a gate 322
at the output of the generator 320 controlled by a pulse signal having a selected duty
cycle. The RF power generator 320 is configured to provide power between about
50 watts to about 5000 watts. It is contemplated that other low ion energy producing
plasma source power applicators may be utilized as well, such as remote RF or

microwave plasma sources.

[0040] The reactor 300 further includes a substrate support pedestal 324, such as
an electrostatic chuck or other suitable substrate support, for holding a
semiconductor substrate 326, for example a 200 or 300 mm semiconductor wafer or
the like. The substrate support pedestal 324 typically includes a heating apparatus,
such as a heater 334 beneath the top surface of the substrate support pedestal 324.
The heater 334 may be a single or multiple zone heater, such as a dual radial zone
heater having radially inner and outer heating elements 334A, 334B, as depicted in
Figure 3.

[0041] The reactor 300 further includes a gas injection system 328 and a vacuum
pump 330 coupled to the interior of the chamber. The gas injection system 328 is
supplied by one or more process gas sources, for example, an oxygen-containing
gas source 332, an second gas source 362, or other suitable gas sources, for
example, a carrier gas source (not shown), or the like. Flow control valves 366, 364
respectively coupled to the gas sources (e.g., the oxygen-containing gas source
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332, the second gas source 362) may be utilized to selectively provide process
gases or process gas mixtures to the interior of the chamber during processing.
Other gas sources (not shown) for providing additional gases, such as gaseous
mixtures, or the like, may also be provided. The chamber pressure may be
controlled by a throttle valve 338 of the vacuum pump 330.

[0042] In some embodiments, the plasma may be pulsed. For example, the duty
cycle of the pulsed RF power output at the gate 322 may be controlled by controlling
the duty cycle of a pulse generator 336 whose output is coupled to the gate 322.
Plasma is generated in an ion generation region 340 corresponding to a volume
under the ceiling 314 surrounded by the coil antenna 316. As the plasma is formed
in an upper region of the chamber 310 at a distance from the substrate 326, the
plasma is referred to as a quasi-remote plasma (e.g., the plasma has benefits of
remote plasma formation, but is formed within same process chamber 310 as the
substrate 326.) Alternatively, a remote plasma may be utilized, in which case the
ion generation region 340 may be disposed outside of the chamber 310.

00431 The reactor 300 further includes a controller 350 coupled to the process
chamber 310, and/or various components thereof (not shown), for controlling the
operation thereof and comprises a central processing unit (CPU), a memory, and
support circuits for the CPU. The controller 350 may control the reactor 300 directly,
or via computers (or controllers) associated with particular process chamber and/or
the support system components. The controller 350 may be one of any form of
general-purpose computer processor that can be used in an industrial setting for
controlling various chambers and sub-processors. The memory, or computer-
readable medium, of the CPU may be one or more of readily available memory such
as random access memory (RAM), read only memory (ROM), floppy disk, hard disk,
flash, or any other form of digital storage, local or remote. The support circuits are
coupled to the CPU for supporting the processor in a conventional manner. These
circuits include cache, power supplies, clock circuits, input/output circuitry and
subsystems, and the like. Inventive methods, such as method 100, as described
herein may be stored in the memory as software routine that may be executed or
invoked to control the operation of the process chamber 310 in the manner
described herein. The software routine may also be stored and/or executed by a
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second CPU that is remotely located from the hardware being controlled by the CPU
of the controller 350.

[0044] In operation, the plasma reactor 300 may be employed to carry out
oxidation processes in accordance with embodiments of the present invention to
form high quality oxide layers having reduced defects, such as a very low defect
density, reduced bird’s beak, improved dielectric properties, and the like. The
defects formed by an oxidation process at low temperature or pressure may be
reduced by treating the defects with an oxidative plasma. The processes may
further be performed at a reduced temperature which limits diffusion, which is a
significant advantage for meeting the critical dimension requirements of advanced

device nodes.

[0oo4s5] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof.

13



CLAIMS:

1. A method for processing a substrate disposed on a substrate support in a process
chamber, comprising:

providing a substrate having an oxide layer disposed thereon, wherein the oxide
layer is formed atop the substrate in a first process; and

treating the oxide layer with a plasma oxidation process using a plasma formed
from a process gas comprising an oxygen-containing gas, wherein the first process is
different than the plasma oxidation process and, wherein the plasma is generated using
an RF power source of up to about 5000 Watts coupled to the process chamber, and

wherein the plasma has an ion energy of about 15 eV to about 25 eV.

2. The method of claim 1, wherein the oxide layer comprises silicon oxide (SiO,),
silicon oxynitride (SiON), hafnium oxide (HfO3), or aluminum oxide (Al203).

3. The method of claim 1, wherein the oxide layer has one or more defects
comprising at least one of cracks, lattice defects, unbonded elements, deviations from
ideal stoichiometry, or impurities, and wherein treating the oxide layer with the plasma

repairs the one or more defects.

4, The method of claim 1, wherein the process gas further comprises a second gas,
wherein the second gas comprises at least one of hydrogen (Hy), deuterium (D3), argon
(Ar), helium (He), or neon (Ne).

5. The method of claim 1, wherein the oxygen-containing gas comprises oxygen (O,),

ozone (Ogz), water vapor (H20), nitrous oxide (N2O), or nitric oxide (NO).

6. The method of claim 5, wherein the oxygen-containing gas comprises up to about

50 percent of the composition of the process gas.
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7. The method of claim 5, wherein the oxygen-containing gas comprises up to about

4 percent of the composition of the process gas.

8. The method of claim 1, wherein treating the oxide layer further comprises:

exposing the oxide layer to the plasma at a pressure of up to about 500 mTorr.

9. The method of claim 1, wherein treating the oxide layer further comprises:
maintaining the substrate at a temperature between about 50 to about 350 degrees
Celsius.

10.  The method of claim 1, wherein the oxide layer has a thickness of up to about 80

Angstroms prior to exposure to the plasma.

11.  The method of claim 1, wherein treating the oxide layer increases the thickness of

the oxide layer by less than about 30 percent.

12. The method of claim 1, wherein providing the substrate having the oxide layer
disposed thereon comprises forming the oxide layer atop the substrate and further
comprising:

repeating a sequence of forming the oxide layer atop the substrate and

subsequently treating the oxide layer to form the oxide layer to a desired thickness.

13. The method of claim 1, wherein providing the substrate having the oxide layer
disposed thereon comprises:
forming the oxide layer atop at least one of the substrate or one or more devices

formed on the substrate.

14. The method of claim 1, wherein providing the substrate having the oxide layer
disposed thereon comprises:
thermally oxidizing a surface of at least one of the substrate or one or more

devices formed on the substrate to form the oxide layer.
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15. A method for processing a substrate disposed on a substrate support in a process
chamber, comprising:

providing a substrate having a oxide layer disposed thereon and formed by a first
process, the oxide layer including one or more defects; and

exposing the oxide layer to a plasma formed from a process gas comprising an
oxygen-containing gas in a second process, different than the first, to repair the one or
more defects, wherein the plasma is generated using an RF power source of up to about
5000 Watts coupled to the process chamber and wherein the plasma has an ion energy
of about 15 eV to about 25 eV.

16.  The method of claim 15, wherein providing the substrate further comprises:
forming the oxide layer on the substrate to a desired thickness prior to exposing

the oxide layer to the plasma.

17. The method of claim 15, wherein the oxide layer comprises silicon oxide (SiO,),

silicon oxynitride (SiON), Hafnium oxide (HfO,), or aluminum oxide (Al,O3).

18. The method of claim 1, wherein the plasma is generated using an inductively

coupled plasma source coupled to the process chamber.

19.  The method of claim 1, wherein the plasma is a quasi-remote plasma.
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