METHODS OF FORM NG OXI DE LAYERS ON SUBSTRATES FI ELD [ 0001] Enbodi nments of
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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



enbodi nents, for a nmethod for processing a substrate includes providing a
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met hod for processing a substrate in
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.



accordance wth some enbodi nents of the present invention. [0010] Figures
2A-C illustrate stages of fabrication of a sem conductor structure in
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di spl ays’[oé)14]thlglgué(q dggféts 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 cells, 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 (SOI), 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.



may have various di nensions, such as 200 or 300 nm di aneter wafers,
rectangul ar or square panels, or the like. The substrate 202 may conprise a
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such as dfriBsiliker dhgopiride layer typically comprises silicon and nitrogen, such as silico
nitride (SiN), or the like. In some embodiments, a multi-layer comprising
SiO,/Al,05/SiO, can also be used as the IPD layer. The floating 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,O; 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



access nmenory (DRAM netal electrode / polysilicon gate stacks, Charge Trap
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capabl e et the thermal budget and critical dinmension requirenents of

advanced aeew ce nodes {e.g., a first process). Suitable oxidation processes
may incl ugozoﬁ he‘i'he 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)

5
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The oxide |ayer 204 may be forned by an oxidation process that oxidizes a
surface of the substrate 202, such as a thermal oxidation process which
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reacti OnS[O(')zr)l] Onﬁs%b an LGP&/BC;%%SES gt%sesxﬂtelllasl/ezregoﬁ 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 (SiO2), 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 (HfO2), 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 (O2), ozone (Os), or water vapor (H2O). 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



deposition the oxide |ayer 204 atop the substrate 202. [0024] Using an
LPCVD process, the oxide |layer 204 nmay be deposited on the substrate 202
froma chwoienloosgspor resulting froma desired chem cal pceaseé10030F3 one or
nore precursor gases conprising a deposition gas m xture. For exanple, the
deposition gas m xture may include one or nore precursor gases, and may
optionally further include a carrier gas. In sone enbodi nents, for exanple,
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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



I mpurities resultant fromone or nore of the process gases utilized to form
the oxide layer 204, fromthe presence of materials, such as those

conpri si Nyorzha/wsdsst rat e 202, or from any ot her source. PLOARZ(10/M853 at

106, the oxide |ayer 204 may be treated by exposure to a oxygencont ai ni ng

pl asma 206 (as illustrated in Figure 2B). The plasnma oxidation process is a
second process different than the first process used to formthe oxide
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t hi ckeni rcg)nélgurs?é@nby such thermal oxidation undesirably affects feature

geonetry. In addition, the increased thermal budget required by such
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films. The inventors believe that the deposited oxide film
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 (O) 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 sccm, 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



| nprovenent occurs through oxidation of the oxide filmitself and brings
the conposition of the deposited oxide filmcloser to an ideal

st oi chi orwOrot/m84s6i gur ati on. [ 0029] The pl asna 206 may Po@/UdSeonmay783 om a
process gas including an oxygencontaining gas and, optionally, a second
gas. The oxygen-containing gas nmay include one or nore of oxygen (Q2) ,
ozone () , mater vapor (H20), nitrous oxide (N20O), or nitric oxide (NO.
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20 perce e Wﬁﬁ[t b 0 percent, up to about 4 percent, between
about 2 EBeAOJataarce th%orﬁgghroéa 0eor2 t han about 2 percent of the process gas
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provi ded at flow rate of between about 100 - 00 seem or at about

150 seem20%in Eigaipl2s;). t hbe dlgeBACDAY dienfaigega arlasma reseiondsiels agdhebe
provi ded ﬁesrﬁe géé’tgr @é%\‘lt{eaot §e|§t/v %Sé?é‘ﬁlgt?f%‘h A% pladA a SR aeRsitdl, ffrout

150 seem age ges
example, between about 10" to about 10"" ions/cm?®, 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" ions/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.



above. In one specific enbodi ment, oxygen (Q2) is provided at about 10 seem
and argon (Ar) is provided at about 190 seem The second gas nay be

provi ded wWo 2prignwessb reconbi nati on of the ionized oxygenPconiSaimiosyysyas. For
exanple, in sone enbodi nents, 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 sone

nmbodi t h
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generating plasnma at high densities, for exanple, between about 1010 to
about 102lon boorzrdmes}- |M®detstthaMMmccmDabsw@nmm%su[&)@a@e]s Miag

pl asma 2 for rre for exanpl e | ro ess chanber confi o for
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frequency to forma plasm for exanple, inthe MHz or GHz range, such as

at about [dehep6 W)sublsﬂa%oﬂmerﬂ??@é%@talﬁéaeatpb%lﬂ@r&ﬂﬁ téﬁ’lpfe%tl]F‘éj(é’éout

denS|t|es of " bet ween about 1010 to about 10 1 1 itons/cm3. In so
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bout 15 t b t 25 eV. Th f ' not el
ot et AP PeEie 8] bEleshapRub STy IR steert Po Sed NaPPA R ETB AT, or
i n any CaRéipgbEads reduees tbbRerg) dfTRé PYAshta EORstiUShESt ShePéby ittty difusisier
204. [0034] The substrate 202 may be bi ased while treating the oxide |ayer

204 wi t h affaxygeasang aordingty, dreiflijgites achieringt 2 glesirae aritigyl dmeansin Qs thae
surface OJX.&@%M '26$ I'Ié%elow 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.

10



204, and, in sone enbodi ments, to control additional thickness of the oxide
| ayer 204 due to the plasma 206. In sone enbodinents, a bias voltage is
appl i ed twotha/®sdsst rat e 202 at bet ween about 50 to aboRCTABR01VOBY7S3 | n
sonme enbodi ments, the substrate is not biased during plasma
treatnment.[0035] The plasma nay be fornmed in a | ow pressure process,

t her eby reducing the likelihood of contam nation induced defects. For
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qual ity {whigh, magabedefteet odteshaped aki BhdwNgin nise edrstving), t e, tdrl okieess
of the oxide Iayer 204. In some enbodi ments, the duration of t he pl asma
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30 per ceri18 wran stpa\/ﬂmsmlnoemoﬁﬁsmg otamn Rﬁ/powehgemenatoraBZ(I ana krgades 382 t he

oxi de | a r. for 104 dur| to the plas 206. [003 Af ter

The expoirat SERR ofbne enerae bt ted £vin bube SgR Tevemspietiad AUy
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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one or nore defects 205 in the oxide |ayer 204, the nmethod 100 generally
ends. However, additional enbodi nents of the nethod 100 are possible. For
exanpl e, WO20amis4566 nay be repeated in an iterative sefuenseomwo3f7es mt he
oxide | ayer 204 to a desired thickness. An iteration may include formng an
oxi de layer at 104 and exposing the oxide layer to a plasma at 106. For
exanpl e, a second iteration of the method 400 may include formng a second

oxi de | aypy é(tﬁetse%mﬂ”é é‘ts%réé‘%6t2§epaf%e°iﬁ{iﬁjz%d iek %%Ie%ﬂ?el??ﬂro@?ﬂ%o rqtskhe
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oxi de | a;gﬂse[swsaio@boghmxwreﬁ to Hiee pnmientofitheemhambemdyrnh@ pracesséy.out

in suita ui p pl a acto coupl ed Plasma Oxi dati on
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Cal i  or NirfixtRelClor el AR A BIR HRAGHided®Y TRESENSIfOLF Idrbssitte i

exanpl e, Figure 3 depi cts an’illustrative pllasma reactor 300 swtable for
carryi ng cantrotied iy o brotHeivalvepd 3t ebthesvdauuatpompaddk wi t h enbodi nent s of
the present invention. The reactor 300 nmay provide a |low ion energy plasm

via an i roes2{ i viel yoroegrhipodipientsiethe qlasraapoae beapyibedatrar exanvee, te duty

Chanber Y85 HADPTSBC T AR GHIP AanaAAlS 324303y Be GOREPIee By $0aTRlinGn
may be e'th@%ut%%ﬁ%@@@ﬁ%léé‘%eﬁ@%r B 6t\ﬁ'ﬁoé¥8 %Jg)is cblipled t%rth%t e 322,

geonetry ma source power applicator conprises a coil enna 3 16
di sposed Rjagmat isegemertatemgirsm iandgerarptien regiooudh0 mrnespenldungetonat\miume

network 3 0_an. RF ou cQnsi s enerat or 320
hnd"a garices e B8iRE B FlroGieiin’ BRETLoaRn3 5 B0 dhe 8% Blastip & Bimed
si gnal hQHlﬁﬂuépéﬁh?ib@%fchéYCffan%@* 3het B drexwie ﬁ@ﬁﬁfrﬁi @Db@c?zﬂe'3§26 the
configured to provi e%fower bet ween about 50 watts to about 5000 watts. It

i s cont erpj@smadstreiarrest kees| aWuashremelegylapmed{&ondheiriasma dns bengiaeaf
appl i cat I 0 sna
260t oo, TPOEB PR iR, 38" tourndy YT sREE bfae Rl ey ek
pedest al sifbétrawe%a)s Alternatlvely, a remote plasma may be utilized, in which case the

ion generation region 340 may be disposed outside of the chamber 310.

[0043] 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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an electrostatic chuck or other suitable substrate support, for holding a
sem conduct or substrate 326, for exanple a 200 or 300 mm sem conduct or
waf er or wbeolwdoess6The substrate support pedestal 324 tppirasketg/o89763 udes a
heati ng apparatus, such as a heater 334 beneath the top surface of the
substrate support pedestal 324. The heater 334 nmay be a single or multiple
zone heater such as a dual radial zone heater having radially inner and
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i on generation region 340 may be di sposed outside of the chanber 3 10 .

[ 0043] The reactor 300 further includes a controller 350 coupled to the
process owNartbewoo84580, and/ or various conponents thereof PChatS2&6003753 f or
controlling the operation thereof and conprises a central processing unit
(CPU), a nenory, and support circuits for the CPU. The controller 350 may
control the reactor 300 directly, or via conputers (or controllers)

associ at gl “#%h particul ar process chanber and/or the support system
conponents. e controller 350 may be one of any form of general -purpose
conput er processor that can be used in an industrial setting for

control ling various chanbers and sub-processors. The nenory, or

conput er readabh enatedd fonprotesdirg aRUbstateh cooEiISHY: m)re of readily avail able

i ok, nar o SHOPPIGL R SRR TRVl or e 150 TEksf BRértah. Whbrgih (R8P

renot e. B)@délﬁ?@ﬁrstfoﬁhédlatéﬁtrﬂfwmméﬂdatf@sttdﬁﬁc@ah@r supporting the
processor in conventional manner. These circuits include cache, power

suppl i es, cl odreatingetha oxiden fAyer ottty & p&asm@.qmqatwpwswﬁg a Masmae
ke GRS B RosS U @m0 4 O PO TIPS BrEl W g8

stored in e nenory as sortware I’OUt cu’te I Nvo

control tmec@e;msatlif@nenofhamaemgmaa@x(dwnsbemoé?es‘sﬂ in the manner descri bed
herein. The software routine may al so be stored and/ or executed by asecond
CPU that is renotely located fromthe hardware being controlled by the CPU

of the controltfy nisfod| 0¢HIM! 7, WMIrdin M Ixitfe %@nc ﬁ]éﬁﬂ@%sorsnggﬁ gRidebe

enpl oyed to carry out oxidation processes in accor i ments of
t he presdB®iOz)nsidoon orynitidec(SiONM) gafgiuah pkigedkifOg), bagkmsinbavoxide (AdOekrd
defects, such as a very |ow defect density, reduced bird' s beak, inproved
dielectric properties, and the like. The defects formed by an oxidation

process &, Iovvmeemr]@a Ltsfedgrm P BflstYeth Ry dxle w@%s}%nér&amdﬂa detects
defects with an oxidative plasma. The processes ray further be perforned at

a r educedonepriseiGitalreasthore of iaracks, dattica siefactswhinbanded glements, 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 any of claims 1-3, wherein the oxygen-containing gas
comprises at least one of oxygen (O;), ozone (Os), water vapor (H>O), nitrous oxide

(N20), or nitric oxide (NO).

5. The method of claim 4, wherein the oxygen-containing gas comprises up to

about 50 percent of the composition of the process gas.

6. The method of claim 4, wherein the oxygen-containing gas comprises up to

about 20 percent of the composition of the process gas.

7. The method of claim 4, wherein the oxygen-containing gas comprises up to

about 4 percent of the composition of the process gas.
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significant advantage for neeting the critical dinmension requirenents of
advanced devi ce nodes. [0045] While the foregoing is directed to
enbodi merwe 20f/wBsS6pr esent i nventi on, other and further perhsdénmsd’s3 of t he
i nvention may be devised wi thout departing fromthe basic scope
thereof .Clainms: 1. A nethod for processing a substrate, conprising:
provi ding a substrate having an oxi de | ayer disposed thereon, wherein the
oxi de | ayer i tyat e L (o) : Lnhg
The oxi Al ayer GuTepod BF Bl oF SRR 121 Rkbeil e pRbedts R R o b o
a process gasomd@as; Wwhegeianthexyesmdc gas aiomprisegast, leake paenoft ingdrbgest(H,),
process idngif.ferﬁnt t han t he pl as oxi dat i (m Erocess. 2 . The nethod of
Ol ai m 1, Javeram (Bab assrieAy ydiung gk s 8808 ilNeton oxi de (i @) , silicon
oxynithde (Si ON), hafnium oxide (H Q) , or alum num oxide (Al2C3) . 3 .
The nethod of claim1, wherein the oxide |ayer has one or nore defects
conprisify at Theastetbad off any af katainsat +8, cehekefire dtesatingnihendxide dbgere fitrther
deviations fromideal stoichionmetry, or inpurities, and wherein treating
t he oxi decqr%?fésreswith the plasma repairs the one or nore defects. 4 . The
net hod of any &fposlngl fie bxile \yeF €b théNGasrmprganacoiealr BY Upato eBBEr 5Pes at
| east one of oxygen (Q2) , ozone (O3) , water vapor (H20), nitrous oxide
(N20O), ormfpirric oxide (NO). 5 . The method of claim4, wherein the
oxygen-cont ai ni ng gas conprises up to about 50 percent of the conposition
of the process gas. 6 . The nethod of claim4, wherein the
oxygen- corg.ai nMheg ngethod asfpamys @ alaintso 1ehowheiih pegatiagt thef okite lagem astieron
of the process gas. 7 . The nmethod of claim4, wherein the
oxygen- cHARHEYg gas conprises up to about 4 percent of the conposition of
the process g3f,BtainhgehBeLratd R t&thp&ladirBodinben W8 40 1180BLLSEES
gas further conprises

degrees Celsius.

11.  The method of any of claims 1-10, wherein the plasma has an ion energy of
up to about 30 eV.

12.  The method of any of claims 1-11, wherein the oxide layer has a thickness of
up to about 80 Angstroms prior to exposure to the plasma.

13. The method of any of claims 1-12, wherein treating the oxide layer increases

the thickness of the oxide layer by less than about 30 percent.

14.  The method of any of claims 1-13, 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.
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a second gas, wherein the second gas conprises at |east one of hydrogen
(H2) , deuterium (D2) , argon (Ar), helium (He), or neon (Ne). 9 . The

met hod ofwarnyiias4skai ns 1-8, wherein treating the oxi dePCayseowsd7her
conprises: exposing the oxide layer to the plasna at a pressure of up to
about 500 mforr. 10 . The nethod of any of clains 1-9, wherein treating the
oxi de layer further conprises: nmaintaining the substrate at a tenperature

bet ween ut gs

o aime 150, R HLany B 0HRE IS AT prbliord RO ChaBY B 1,
. The metdxide lmfyeadyspoée@ltrmreenJ:orripriseS\d‘rnercmmorcdwf oxi de | ayer has a

t hi ckness of %g to apout 80 An r togEXﬁosu e, to the plasna.

13
The nethod of 'QAYINGr e axifg lay i OR/\ﬁEﬁ) glrglg gk Ongy@y more
i ncreasegydie tfehﬁga%ﬁsthefsubgﬁa@(bge | ayer by Iess than about 30 percent.
14. The meth oé any of clainms 1- 13, wherein providing the substrate
havi ng t he OX|tUermaip5eOXIdlzﬂg)aemr[a|¢eercﬂt leasipone of tHeosubsicpte ey ang de marger

atop the substr urt isin eating a sequence of formng

he’ oxi addviggsy Ohef Sbe s Ba B8 BXkRIER y 't r eat fng 't he_oxi de

| ayer to forn1the oxi de layer to a desired thickness.15 . The nmethod of any
of clainms 1- 14, wherein providing the substrate having the oxide |ayer

di sposed thereon conprises one or nore of: formng the oxide | ayer atop at

| east one of the substrate or one or nore devices fornmed on the substrate;

or thermally oxidizing a surface of at |east one of the substrate or one or
nore devices fornmed on the substrate to formthe oxide |ayer.
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