CHEM CAL VAPOR DEPCSI TION OF HI GH QUALI TY FLOWLIKE SILICON DI OXI DE USI NG A
SI LI CON CONTAI NI NG PRECURSOR AND ATONI C OXYGEN 5 CROSS- REFERENCES TO
RELATED APPLI CATI ONS [0001] This application clains the benefit of U S

Provi sional Application No. 60/803,483 by Ingle et al, filed May 30, 2006
and titled "CHEM CAL VAPOR DEPCSI TION OF HHGH QUALITY FLOWLIKE SI LI CON

DI OXI DE USI NG A SI LI CON CONTAI NI NG PRECURSOR AND ATOM C OXYCGEN'. This
application is also related to co-assigned 10 U. S. Provisional App. No.

60/ 803, 489, by Munro et al, filed May 30, 2006 and titled "A METHOD FOR
DEPGCSI TI NG AND CURI NG LOMK FI LMS FOR GAPFI LL AND CONFORMAL FI LM

APPLI CATIONS". This application is also related to U S. Provi sional

NovEL Depcst TG R OR PR R HIOR QF HIGH N APIT Y PROTLIRE =S

SI'LI CON DI OSTRECONDIONIDE USINGA SILICON @ON’FAHNINGQ’REGUﬁS OR
Provi si onal Application No. 60/803,499 by Lubom rsky, filed My 30, 2006

and titled "PROCESS CHAMBER FORNIPARIGMITC OXAREEN.". The entire contents of
the priority U S. Provisional patent application and the related
applications are herein incorporated by reference for all purposes. 20

BACK ND OF THE | NVI 0] e I nt egrated
circuits continues to 3 Qvéﬁgﬁé%ﬁgﬂgﬁﬁ@&i@ %@N%en devi ce
structuresy %@gt | TS applicHE6 QARR thelbie MATT RS obidhd AppRcitida N B6/203 487 he
structures and the trenches between structures increases the ratio of height

to width (bygleerahéileddyeyd0.2806 and hltlﬁdt“ﬁ?éwmln‘dﬁﬂ’@&DEPQS&I@N OREHGH, the

conti nued I ri nki ng the
nor i zont al QU b Y R R O R B S G Sr P R AN e
vertical hPRBOURSDROARD AWOMECIOICY GBNP trmsrapplfcaﬁ@n dQalkoeelatet taI6d-aKsipEedM t h
ever increasjng aspect ratios has  allowed nnpé%if t he structure e.g

transi 8 or §:5- EEyiienabagp- Ng- 0893483, byMyngo geal Mayas 2006rand tillsdeAsur f ace
area of a m@mnﬁpeélm&ﬁbrmcﬁww& PILMS PORAG BRI G0ANHAL | On

problens. 1 Once of these problens Is the difficulty of conpletely filling
t he gaps afONFORMABFILM ATJONSCt Thig epplicahiruis alspaelated ¢o H.S/ Brayistonakeam

during the,tikl L OONG" &5853%481 by Ehd%e:37RTeaMAEY 30, 2006 and titled “A NOVEL
DEPOSITION-PLASMA CURE CYCLE PROCESS TO ENHANCE FILM QUALITY OF
15 SILICON DIOXIDE”. In addition, this application is related to U.S. Provisional Application
No. 60/803,499 by Lubomirsky, filed May 30, 2006 and titled “PROCESS CHAMBER FOR
DIELECTRIC GAPFILL”. The entire contents of the priority U.S. Provisional patent

application and the related applications are herein incorporated by reference for all purposes.

20 BACKGROUND OF THE INVENTION
[0002] As the device density on integrated circuits continues to increase, the size and
distance between device structures continue to decrease. The narrower widths in the gaps of
the structures and the trenches between structures increases the ratio of height to width (i.e.,
the aspect ratio) in these formations. In other words, the continued miniaturization of

25  integrated circuit elements is shrinking the horizontal width within and between these
elements faster than their vertical height.

[0003] While the ability to make device structures with ever increasing aspect ratios has
allowed more of the structures (e.g., transistors, capacitors, diodes, efc.) to be packed onto the

same surface area of a semiconductor chip substrate, it has also created fabrication problems.



trenches with dielectric materials like silicon oxide is necessary to
electrically isolate nearby device structures fromeach other. If the gaps
were left enpty, there would be too nmuch 5 electrical noise, and current

| eakage for the devices to operate properly (or at all). [0004] Wen gap

wi dths were | arger (and aspect ratios smaller) the gaps were relatively
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20 [0006] Techniques have been developed to minimize the formation of voids and seams

during deposition of dielectric materials on high aspect ratio structures. These include
slowing the deposition rate of the dielectric material so it stays more conformal to the
sidewalls and bottom of the trench. A more conformal deposition can reduce the degree to
which the deposited material builds up at the top or middle of the trench and eventually seals
25  off'the top of a void. Unfortunately however, slowing the deposition rate means increasing

the deposition time, which reduces processing efficiency and production rates.

[0007] Another technique to control void formation is to increase the flowability of the
deposited dielectric material. A material with more flowability can more quickly fill a void
or seam and prevent it from becoming a permanent defect in the fill volume. Increasing the
30 flowability of an silicon oxide dielectric material often involves adding water vapor or
peroxide (e.g., H,O;) to the mix of precursors used to form the oxide layer. The water vapor

creates more Si-OH bonds in the deposited film, which impart an increased flowability to the



2 film Unfortunately however, increasing the noisture |evel during a
silicon oxide deposition can also adversely effect the properties of the
deposited film including its density (i.e., an increased wet etch rate
ratio (WERR)) and dielectric properties (i.e., an increased k-val ue).
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atom ¢ oxyden precursor react ormthe silicon oxide |layer on the
substr?ge. 6%5 met hods may al so include annealing the deposited silicon
oxi de | ye|[. b [ 0011] Enbodi nents of the invention also include nethods of
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oxygen precursor react to form the silicon oxide layer on the substrate. The methods may

also include annealing the deposited silicon oxide layer.

20 [0011] Embodiments of the invention also include methods of forming a silicon oxide layer
on a substrate. The methods may include the steps of providing a silicon wafer substrate to a
reaction chamber, and generating an atomic oxygen precursor from a dissociation of
molecular oxygen in a high-density argon plasma. The atomic oxygen precursor may be
generated in a remote plasma generating chamber that is external to the reaction chamber.

25  The methods may also include mixing the atomic oxygen precursor with a silicon precursor
in the reaction chamber, where the atomic oxygen precursor and the silicon precursor are not
mixed before reaching the reaction chamber. The silicon oxide layer deposited on the
substrate includes the reaction products from the reaction of the atomic oxygen with the

silicon precursor.

30 [0012] Embodiments of the invention may still further include systems to deposit a silicon
oxide layer on a substrate. The systems may include a deposition chamber in which the

substrate is held, and a remote plasma generating system coupled to the deposition chamber,



30 [0012] Enbodi ments of the invention may still further include systens to
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denot e onecenbingtions,sAnd mgthads descabedivribnirscifioption. r ef erence is nmade to a
reference nunmeral w thout specification to an existing sublabel, it is
intended to refer to all 20 such nmultiple simlar conponents. [0015] Fig. 1
is a flowhart show ng ste
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components. In some instances, a sublabel is associated with a reference numeral and

follows a hyphen to denote one of multiple similar components. When reference is made to a
reference numeral without specification to an existing sublabel, it is intended to refer to all

20  such multiple similar components.

[0015] Fig. 1 is a flowchart showing steps in methods of forming oxide layers on substrates

according to embodiments of the invention;

[0016] Fig. 2 illustrates steps in methods of forming oxide layers according to additional

embodiments of the invention;

25 [0017] Fig. 3 shows steps in methods of forming oxide layers that use different chambers

for depositing and curing the layers according to embodiments of the invention; -

[0018] Fig. 4 is a flowchart showing steps in methods of forming oxide layers from non Si-

C bond containing silicon precursors according to embodiments of the invention;

[0019] Fig. 5 is a flowchart showing steps in methods of forming oxide layers from silicon

30 precursors that contain Si-C bonds according to embodiments of the invention;



C bond containing silicon precursors according to enbodi nents of the

I nvention; [0019] Fig. 5is a flowhart showi ng steps in nethods of formng
oxi de layers fromsilicon 30 precursors that contain Si-C bonds according
to enbodi ments of the invention; 4 [0020] Fig. 6A shows a vertical
cross-sectional view of a substrate processing systemthat nay be used to
form silicdo020ki dig. loAyshows avenicali ongpsisectivrilodbvwieid substtaté o céssingBysten thaand
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gap or trench fill. Then after the depgsition, the curing step converts many
of the Si -prrdugediipicalsofage bighdnisipl flawabiliy apd high pestrcwigtaalityapor, which is
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drive off silicon precursor in the deposition chamber, where they quickly react even at low

temperatures and pressures and deposit silicon oxide on a substrate. The oxide formed is rich

in hydroxyl groups bonded to the silicon, which make the oxide highly flowable. Once

20  deposited, the oxide will flow quickly even at low temperatures to fill nascent voids and

seams during a gap or trench fill. Then after the deposition, the curing step converts many of

the Si-OH groups into pure silicon dioxide and water vapor, which is driven out of the

deposited film.

[0024] In embodiments where low-k films rich in Si-C bonds are deposited, the curing

25  process may be divided into a first step to eliminate the carbon by hydrolyzing the Si-C bonds
into Si-OH bonds, followed by a second step to eliminate the hydroxyl groups and drive off
the resulting moisture. This may be done by first performing a wet anneal (e.g., steam anneal
up to about 950°C), were H,O hydrolyzes the Si-C bonds into Si-OH bonds, followed by a
dry anneal (e.g., dry N at 900°C) to convert the Si-OH into silicon oxide. Additional

30  description of embodiments of methods and processes of the invention will now be discussed.

[0025] Exemplary Oxide Layer Formation Processes




the resulting noisture. This nmay be done by first performng a wet anneal
(e.g., steamanneal wup to about 950C), were H20 hydrol yzes the Si-C bonds
into Si-OH bonds, followed by a dry anneal (e.g., dry N2 at 900C) to
convert the Si-OH into silicon oxide. Additional 30 description of

enbodi nents of nethods and processes of the invention will now be di scussed.
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[ 0029] The reactive atom c oxygen plasma is then introduced to the

deposi ti on [ed28]rh dhe dikBériatdalof ﬂietoxggan dashmﬁmgpré&iﬂsofr kd SdnetatdiiBe Wiokdic axygeh i con
precursor, which is also introduced e chanber, 108. The highly reactive

atom c oxy e bgidope ?%@E’Em%disﬁ“tlﬁ@ns‘ﬂm?‘ﬂﬁlﬁt ltﬂhééltﬁ?%&‘:tmn and/or plasma

dissociation, among other methods. Plasma dissociation may involve striking a plasma from

helium, argon, hydrogen (H;), xenon, ammonia (NHj3), etc., in a remote plasma generating
20  chamber and introducing the oxygen precursor to the plasma to generate the atomic oxygen

precursor.

[0029] The reactive atomic oxygen plasma is then introduced to the deposition chamber
106 where it may mix for the first time with a silicon precursor, which is also introduced to
the chamber 108. The highly reactive atomic oxygen will react with the silicon precursor

25  (and other deposition precursors that may be present in the reaction chamber) at moderate
temperatures (e.g., reaction temperatures less than 100°C) and pressures (e.g., about 0.1 Torr
to about 10 Torr; 0.5 to 6 Torr total chamber pressure, etc.) to form a silicon oxide film 110.
During the deposition, the wafer may be adjusted (i.e., heated or cooled) by a wafer pedestal
that supports the wafer to a temperature of about 0°C to about 150°C.

30 [0030] The silicon precursor may include an organosilane compound and/or silicon
compound that does not contain carbon. Silicon precursors without carbon may include

silane (SiH4), among others: Organosilane compounds may include compounds with direct



25 (and ot her deposition precursors that may be present in the reaction
chanber) at noderate tenperatures (e.g., reaction tenperatures |ess than
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oct anet hyl (MTEB), phemidimehiyis8ine, and phenylsijdneyamangetheasi | oxane (OMCTS),

t et ramet hyl di met hyl di net hoxydi sil ane, 5 tetranethyl cycl otetrasil oxane

( TOMCATS) , [¥8PMBhe EMiddn previrkytimdyteahiRedwith b dfgier gaVTbefYe or d 'n_% its
phenyl di et hyl si | ane, and phenyl sil ane, anong others, [Q031] The silicon
precur sor h‘ﬁ{%&“*ﬁnﬁ‘é@e\ﬂ@?ﬁ“@fb‘é\awpéﬁ AyeaETieresa pidy §F ap nactive gas dhat degsmebiuct i on
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Exanpl 8 ofgassainclude heliungaeen, arganl, nidrogéneN2) and htsogendHal among otherggmses( N2) ,  and
hydr ogen (H2), anong other gases. [0032] In enbodi nents of nethod 100, the
at omi ¢ oxy @eo32pndh &nbédiments bE£methsad 11 80, aiecatdific oxpgenethdRiticon preb@istrg atertiot oduced

to the depositjon chanber. The precursors nmay, enter the chanber through
separate spatedhefqre beipa mTodtcqte dindepostian cbadber Jihp PEEFEESARBLMFT React i on
chanber . F‘éﬁa:ﬁB%?E[an%x depGatdsPATlafly QUPAEHRSH JRERIFIOF BBdts BRWibAII GFounl 98RcAsh | Nl et

(or inlets) at the top of the’ chanmber and positioned directly above the
substrat e. cimebernFestexdinplecths atdmeic Pkyssn precurspremapsrgerrrqm ae i dor inletshat the
directiign per BSRAGHER! orlibok i S HRLAALENIRRIRRILAY AU RERrccr AL e L he
si | i con”precursofr nay LT rrom one bf nore 1R ets around the o1 des of the
deposi ti on tedexyheart prediisoriimb direction pepetdiaflarttd thefshbstratf depbetiar durface) precur sor

in a direction r oxj. mat el arallel to the depositjon syrface. 0033
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precur sors depdditRnEAafiba mht t1ee ha§ dREct heMBW bF RO ElicS RIS asl a dirédtiofxanpl e,
a shower head positioned -
approximately parallel to the deposition surface.

20 [0033] Additional embodiments include sending the atomic oxygen and silicon precursors
through separate ports of a multi-port showerhead. For example, a showerhead positioned
above the substrate may include a pattern of openings for the precursors to enter the
deposition chamber. One subset of openings may be supplied by the atomic oxygen
precursor, while a second subset of openings is supplied by the silicon precursor. Precursors

25  traveling through different sets of opening may be fluidly isolated from each other until
exiting into the deposition chamber. Additional details about types and designs of precursor
handling equipment is described in a co-assigned U.S. Provisional Application No.
60/803,499 by Lubomirsky, filed May 30, 2006 and titled “PROCESS CHAMBER FOR
DIELECTRIC GAPFILL”, and the subsequent U.S. Non-Provisional Application with

30 Attorney Docket No. A11162/T72710, filed the same day as the present application, both of

which are herein incorporated by reference for all purposes.



above the substrate may include a pattern of openings for the precursors to
enter the deposition chanber. One subset of openings may be supplied by the
atom ¢ oxygen precursor, while a second subset of openings is supplied by
the silicon precursor. Precursors 25 traveling through different sets of
opening may be fluidly isolated fromeach other until exiting into the
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surface. This allows the rrethog 100 to provide oxide 5 fills that are
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bonds. |t' sncheaké the ekt étblesafe htio (WERR)and dieMMcmonaaﬁeﬁﬂfeldapmhxedl latygr, wmchhe

silicon oxide owever, _al.so increase the wet etch
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electrical insulator. Thus, the concentration of the %I -CH bonds are
reducedSby oaﬁnéeafmhlglfellmémg thadepaglion.he silicon 15 oxide |ayer 114

follow ng the deposition. [0036] A post deposition anneal of the deposited
silicon oxi[e36] aweposld@omﬁybmmmthend@osmidrsgicen oxidplayer 1 Idithdy hpd donsirepps. A

o about 30BERNGPaHIRNIEGotsee & e SHOHReg o hedon ety BY hegne e | "
subst ant i aldeposféd/1aférT® aBdIR 360°Cto About d00°Ti(k.5Q HESHt 60E LTIt Abor@OET) id C. ) . The
anneal engl\lll%%antlally dry atmosphere (e.g., dry nitrogen, helium, argon, efc.). The anneal removes
20 moisture from the deposited layer and converts Si-OH groups into silicon oxide. The
annealed silicon oxide layer has improved film quality (e.g., a WERR of about 6 to about 3,
or less) and improved qualities as a dielectric (e.g., a k-value approaching or equal to pure

silicon dioxide).

[0037] Multi-step anneals may include a two-step anneal where the layer first undergoes a
25  wet anneal stage, such as heating the layer to, for example, up to about 950°C (e.g., 650°C) in
the presence of steam. This may be followed by a dry anneal stage, where the layer is heated
(e.g., about 900°C) in an atmosphere that is substantially free of moisture (e.g., dry N;). As
noted above, multi-step anneals may be used in conjunction with an organosilicon precursor
that forms a silicon oxide layer with substantial amounts of carbon (e.g., a substantial density
30 of Si-C bonds). The first, wet anneal, helps replace a number of Si-C bonds with Si-OH
bonds, while the dry anneal converts the Si-OH into silicon oxide bonds and drives off

moisture from the layer.



20 noi sture fromthe deposited | ayer and converts Si-OH groups into silicon
oxi de. The annealed silicon oxide |layer has inproved filmaquality (e.g., a
VERR of about 6 to about 3, or less) and inproved qualities as a dielectric
(e.g., a k-value approaching or equal to pure silicon dioxide). [0037]
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pl asma an né‘g? prefypatment el ’BP%F“’@@ AP aé’ﬁﬁ@'ﬁﬁ?e‘%na ]é‘lgﬂ‘gﬁ?ﬁ‘té(rﬂa?é%azet“;ﬁ’ﬂﬂ“tﬁ“ a

m crowave a%@ﬂ?%maﬁtﬁ@ﬁﬂo@ﬁéﬂ%tfateMﬂ%ﬁ%dﬁ%@%%ﬁﬂ%e%ﬂnﬁ&sﬁ g. 2, steps in
a nmethod 200 of form ng oxide |ayers according to additional enbodinents of

t he i nygnt | S . i ncl Wel 202
to a rdbo 10401, IHE R hod BE AR Rl AP T, REGHAE bl Ech P 20Tkl 20
204. The pumplyisgimenigertahaining gasi@lgudeolecujdr agygengtoche plasma chambler 208 tdensi ty
plasma etch with an argon plasma). ta snooth substrate structures. and renove
P r T ace. | mBERAET ab Ao FoBROpABL 1 HER S PR b LGB pi homn
in a renot gl.phagERrAOPMIRE redldfe fladna didRBEN ol the PRotRENIEANCtEIPGH BleRubra@aS
(e.g., molecular oxygen) to the plasnma chanber 208 to generate an atomc

oxygen pl adfhbelors. scrprmiRg the atomie pxyesr psquIsero Whes theipretreatmgnt aieh is Hinisherh
ted | -
generayg &1%0%9%%4 &iBlifin gés%mn%hta\{gﬁ% nJeQém$tQglﬁg&skﬁ&?&m%epﬁﬁmga{)ﬁg@

substrate ore genérating the atom c oxygen precurs
pr et r eat mepkygenprecussof 2 Hl. SFhedlowl &f fldsmada fhgaeactiom cleamtienmay &s dissontimiedoduced t o

e ¥ ARG R B s A Rl it 210 e

continuously between the steps.

[0041] To start the deposition of the oxide layer on the substrate, the remotely generated

20  atomic oxygen precursor is introduced to the reaction chamber 212 as well as the silicon
precursor 214 (e.g., TEOS, OMCATS). In the reaction chamber, the two precursors react
216, and form a silicon oxide layer on the substrate 218. The oxide layer may be formed at a
rate of about 250 A/min to about 2 um/min. Embodiments of method 200 include using a
carbon containing silicon precursor which adds a significant amount of carbon (e.g., Si-C

25 and/or Si-O-C bonds) to the oxide layer. Thus, in method 200 a two-step anneal is performed
starting with a steam anneal at a first anneal temperature 220, followed by a dry anneal at a
second anneal temperature 222. The first anneal temperature (e.g., about 600°C to about
950°C) may be lower than the second anneal temperature (e.g., about 900°C to about 1000°C;
about 950°C, etc.).

30 [0042] Fig. 3 shows embodiments of a method 300 of forming an oxide layer that uses
different chambers for depositing and curing the layer. The method 300 includes providing a

substrate to the deposition chamber 302 and introducing the atomic oxygen precursor 304 and



between the pretreatnent and silicon oxi de deposition steps, or nmay be
allowed to flow continuously between the steps. [0041] To start the
deposition of the oxide |layer on the substrate, the renotely generated 20
atom ¢ oxygen precursor is introduced to the reaction chanber 212 as well as
the silicon precursor 214 (e.g., TEGCS, OMCATS). In the reaction chanber,
the two preidimrsmmrsoea% to tA¢ 6hanabred Tl precursord teaciin treiddpoditinrechambert dnd
substrate nmed at a rate of about 250 A/m n
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may be a single step anneal in a dry nitrogen atmosphere at about 800°C to about 1000°C.

20 Because no carbon is used in the silicon precursor, the carbon level in the deposited oxide is

low, and a steam anneal to remove the carbon is not necessary.

[0045] Method 500 shown in Fig. 5, however, uses a carbon containing silicon precursor
(e.g., an organosilane) that leaves an significant amount of carbon in the initial silicon oxide
layer deposited on the substrate. Similar to Fig. 4, the embodiment of the method 500 shown

25 inFig. 5§ includes providing a substrate to a deposition chamber 502, and introducing an
atomic oxygen precursor to the chamber 504. However, the silicon precursor introduced is a
carbon-containing organosilane precursor 506. The atomic oxygen and organosilane
precursor react to form a carbon containing silicon oxide layer on the substrate 508.
Following the deposition, a two-stage anneal is performed, starting with a first anneal to

30 reduce the carbon level in the silicon oxide layer 510, and followed with a second anneal to
reduce the moisture levels (i.e., the H,O and Si-OH levels) levels in the layer 512. The first

anneal may include a steam anneal that hydrolyzes at least a portion of the Si-C bonds, and/or

10



I n an enbodi nent of a nethod 400 of form ng oxide |layers fromnon Si-C bond
containing 15 silicon precursor. The method 400 includes providing a
substrate to the deposition chanber 402, and introducing the atom c oxygen
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before the

types of systems. Specific examples of CVD systems that may implement embodiments of
20  the invention include the CENTURA ULTIMA™ HDP-CVD chambers/systems, and
PRODUCER™ PECVD chambers/systems, available from Applied Materials, Inc. of Santa
Clara, California.

[0049] One suitable substrate processing system in which can be modified to utilize

embodiments in accordance with the present invention is shown and described in co-assigned
25 U.S. Pat. Nos. 6,387,207 and 6,830,624, which are incorporated herein by reference for all

purposes. FIG. 6A is vertical, cross-sectional views of a CVD system 10, having a vacuum

or processing chamber 15 that includes a chamber wall 15a and a chamber lid assembly 15b.

[0050] The CVD system 10 contains a gas distribution manifold 11 for dispersing process

gases to a substrate (not shown) that rests on a heated pedestal 12 centered within the process
30 chamber 15. Gas distribution manifold 11 may be formed from an electrically conducting

material in order to serve as an electrode for forming a capacitive plasma. During processing,

the substrate (e.g. a semiconductor wafer) is positioned on a flat (or slightly convex) surface

11



atom ¢ oxygen precursor are also contenplated by nethod 100. Havi ng
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and carri erm@@t&eﬁleéﬂcﬁv bNids Gitucgitkhe eﬁppl;tm OMeenxexic Raset AreaisgdintBe protas,ed

hol es 13b of a conv?nt ional flat, circular gas distri blIlt i on facepl ait e 13a.
More speci fthq:ﬁvpr?l safety shut-off valves are positioned on'each gas supply line in conventiona

configurations.

[0053] The deposition process performed in the CVD system 10 can be either a thermal

20  process or a plasma-enhanced process. In a plasma-enhanced process, an RF power supply
44 applies electrical power between the gas distribution faceplate 13a and the pedestal 12 so
as to excite the process gas mixture to form a plasma within the cylindrical region between
the faceplate 13a and the pedestal 12. (This region will be referred to herein as the "reaction
region"). Constituents of the plasma react to deposit a desired film on the surface of the

25  semiconductor wafer supported on pedestal 12. RF power supply 44 is a mixed frequency RF
power supply that typically supplies power at a high RF frequency (RF1) of 13.56 MHz and
at a low RF frequency (RF2) of 360 KHz to enhance the decomposition of reactive species
introduced into the vacuum chamber 15. In a thermal process, the RF power supply 44 would
not be utilized, and the process gas mixture thermally reacts to deposit the desired films on

30 the surface of the semiconductor wafer supported on the pedestal 12, which is resistively

heated to provide thermal energy for the reaction.
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deposition process gases flowinto the chanber through the inlet manifold
11, through a conventional perforated blocker plate 42 and then through
hol es 13b in gas distribution 10 faceplate 13a. [0052] Before reaching the
mani fold 11, deposition and carrier gases are input fromgas sources 7
t hrough gas supply lines 8 into a m xing system9 where they are conbi ned
and t hfandgmsz(l]. ; Dufifgh b?bﬁa-’b?han@&i@ph aéiﬁ?'x} prb&f@s,&htpﬂ( hsmd lildﬁ& tﬁ?éntﬁaﬁfbcé& Og ess
gas includes (i), sever safety ut-of f val ves (not, shown) that can be
used to aufRAmRef &%!‘?@“&EWQM@FPQ&%{WJWPO hiasurroyndipethe g¥hauglss gas into
the chambepassaRthal 28 nd e Shitld2y 414, OVh&i he pRLALIsHR tutA WM orldlhg 2 MEASUr €

the flow of gas through the supply |line. Wen toxic gases are used in the
process, theana dgpgsiionsgeessy ahniliquid & cireulqted thipughlssvellsoldedf die nseeshis gas

I in L OF ' ' Ltjhon proce
per For rbd (inheE PEKRAkhANAN ol B e AT eyl THEPSSRESHLLED B °2°°
pl asma- enheamwintiepoftbe sisambien wallp Sesraneshawe eFlujds eswss heathdhambeewalisuppl y
he podest 4fa Boinds i sgRe idleet (ol geRLtplere ol il BREB RPERG asrm
W t hi n t he yraadfdrTRiidsC alhisHRaR (réfeiraeBRs hédting baarphadt@xdnagamtbdnbicigdest al

12. (This region will be referred to herein as the "reaction region").

Const i t uentasiugss of gimpates gendegsation ppundepitblareastant produets prd Wmpvesitee sur f ace of
the 25,ge %ﬁ[ﬁﬂlq{f%#:w vo‘{\ﬁi‘cléaf;roﬁfyzlwl?{)élkr t%‘ﬁg?g‘%f/ g&qg’ ﬁdadthé'r%o?ﬁ%ixﬁﬂi’é’%at%gﬂ' y 44 1s a

m xed frequency power " supp Ically supplies power at a high RF
frequency ¢étaninefe the3proéesi/Hzheyrwiere & condérswoREhefwally o€ pont vadRiEn) pasag86hdKHz t o

enhance the.de osition of reagctive species , iptrodyced into the vacuum
Chanbor 15 MiAEpah biq 18 BrtessiEihmi GRS péibas ofad BEHERE T 1 10, Vhe
utilized, and_the process m xture thermal ly reacts_ to deposit the
desired fi |IQP§55nTéeretm?éndoeaggéeg%lfmﬁuﬁéﬂ@émnebmaef%ﬂn AdAYE 1 ©adioBn t he

pedest al 13y, W&Edid svabifddStdny fleXharll6@ 16 BylaQaBhRY hithp (o€ EHTNN) E8FEHica
reaction. 1§p[00 4 I

fier the

54] During a plasma-enhanted deposition process, the g’l asma
heats tlhe ¢hetgases aps exbevsted thivaghen amrylar; siettshatied grifibe 1 uerirfosnding theceadtianber
body 15a surroundi. t e - 0f ve 24.
When t he pfea%%mlgsmqﬁgfl %ﬁ%g%ﬁ%%st %lfe&%%??'ngﬁ%m%? lr%ggirgrta{&glgggésj‘glte on l)pj)rgl& ess, a
hot | i qui d definedibyahid gepetsbtwdenahegiop bhthe whdrhiser'd bylindficil slepralickaginoludingnieer 15
to mintal %péer}%ie?eré%jng)ﬁ{ing E9 gr? th%lwea}{l?gr?dd thcte g&??o% gtt er:gi'rcu ar:]rechgrgﬁesr%%efo. I’I@let he

360.degree. circular symmetry and uniformity of the slot orifice 16 and the plenum 17 are

20 important to achieving a uniform flow of process gases over the wafer so as to deposit a

uniform film on the wafer.

[0056] From the exhaust plenum 17, the gases flow underneath a lateral extension portion
21 of the exhaust plenum 17, past a viewing port (not shown), through a downward-extending
gas passage 23, past a vacuum shut-off valve 24 (whose body is integrated with the lower

25  chamber wall 15a), and into the exhaust outlet 25 that connects to the external vacuum pump

(not shown) through a foreline (also not shown).

[0057] The wafer support platter of the pedestal 12 (preferably aluminum, ceramic, or a
combination thereof) is resistively heated using an embedded single-loop embedded heater
element configured to make two full turns in the form of parallel concentric circles. An outer
30 portion of the heater element runs adjacent to a perimeter of the support platter, while an
inner portion runs on the path of a concentric circle having a smaller radius. The wiring to

the heater element passes through the stem of the pedestal 12,
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remai nder of the chanber walls 15a are not shown. Fluids used to heat the
chanber walls 15a include the typical fluid types, i.e., water-based

et hyl ene glycol or oil-based thermal transfer fluids. This heating
(referred to as heating by the "heat exchanger”) beneficially reduces or

el i m nat es condensati on of undesirable reactant products and inproves the 10

el i m nati qooss) VDpiaily,canplopailict the hanitee 1ifing MRS Mlgasesfor ¥icdpldig ang Ofriche1 nant s
that m ght _ cont aghnate the process if they were to condense on the walls of

cool vaculthesEeestop Budwa ar‘?ﬁn@ﬁlea?‘% °5§'é¥?“?1rﬁ“6h pyRluming e aqdized AHERBWE. Yur i ng
periods ofceRighiflaAn tk@Nple bPReRbh CWaﬁﬁ%ﬁg@Escﬁﬁedlh%o%ﬁgﬁd)@ grgsei@t is not

deposited in a |layer, including reaction byproducts, IS evacuated fromthe
chamber 159874 7@3@@%71%&%9&5@8%}* " ispned it Zeasl df ¢/, and Berebieingerperstedr e

exhaustSedbé/}} r, slot-shaped orifice 16 surrounding the
reaction r Fo#\&g% tsaea a}ﬁ annul ar exhaust plenum 17. The annul ar sl ot 16

d the pl d f t t he t f th nb
ey i ndr i cAP0dTye h‘fecagﬁsr% RHETOMr 16 CFRe DAV RS Sl LM EEXRe B R0 on ¢ he
val 1) and dshgntdpls o 0f waBElife pins YhRAs waTed AR trank@rré® intd BRi o B ®BAPEF

ci rcul arm%rmetry and uniformty of the slot orifice 16 and the plenum 17

are 20 i npbe ehamber b5 by rabet blade(nghshpwniibrough an inspitignaersovph epeni inthee waf er
t f f {
=0 2 0 ERRTI bl (TR Sl ONabbER e oL A0Sl BB NRORAIBL |

pl enum 17, | ow ‘un era ensi on
exhaust0 pI position 17 anga kiwea, waferioading positichn dthe muhwmyalvﬁsmr @ughoatrollers

d d- ext 2 t ff val
body s 1 RGP e iReID REESE e B By B s R Bt Rty e havs
outlet 25 dhh@bercaﬁﬂ @ﬁﬁhﬁteﬂﬁaﬁﬂg&yﬁ&ﬁﬁm&ﬂl cmmwmwurﬁpstemm@htratwwér cbigaugh a

foreline (aI sg_not shown). [0057] The wafer support platter of the pedestal
12 ( pr ef erl#iss yo.0f yhchanly samears shov. Contrellerstaghies 9a feqdbackdrom pptiGats st i vel y

heat ed USI%&QO%&%QQ%éﬂo@%ﬁ ok%pa@m%sggﬁeamééﬂhes @&cﬁ%rﬁ&e hd aWeed to

make two f turns 1n the formof paral oncentric circles. An outer 30
porti ok ofandisuschptat which Iaeermmedrhmspmnp@te gtors under ferconteelef cortrallee34 uppor t
platter, while an inner portion runs on the path of a concentric circle
having a Smﬁd]erlnrtl@démmpla'ﬂﬂembbdlﬁll@,ﬂl@syﬁtéiﬂcdilﬁﬁillef ineludéeiiardaisk @dvé hr ough

the stem of the pede taI 058 or all of e chanber

lining, ga4nmareséing PIPIB’I ;ﬂLgtaé’“lcﬁ?f)éP%/iahE%Pgoceé O &PIIRIES 2 F158 eﬂ%??"@war e

are made Ogmpiter (SBE), m@dlogsmmlgisal RipUIhRPNbo A8 FhtéAEb e obirtls AHAtefer motor
controller boards. Various parts of CVD system 10 conform to the Versa Modular European

20 (VME) standard which defines board, card cage, and connector dimensions and types. The
VME standard also defines the bus structure as having a 16-bit data bus and a 24-bit address

bus.

[0061] System controller 34 controls all of the activities of the CVD machine. The system
controller executes system control software, which is a computer program stored in a

25  computer-readable medium such as a memory 38. Preferably, the memory 38 is a hard disk
drive, but the memory 38 may also be other kinds of memory. The computer program
includes sets of instructions that dictate the timing, mixture of gases, chamber pressure,
chamber temperature, RF power levels, susceptor position, and other parameters of a
particular process. Other computer programs stored on other memory devices including, for

30 example, a floppy disk or other another appropriate drive, may also be used to operate

controller 34.
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ceram c. An exanple of such a CVD apparatus is described in co-assigned U S
Pat. No. 5,558,717 entitled "CVD Processing Chanber," issued to Zhao et al,
and hereby incorporated 5 by reference inits entirety. [0059] A lift
mechani sm and nmotor 32 (FIG 6A) raises and | owers the heater pedestal
assenbly 12 and its wafer lift pins 12b as wafers are transferred into and
out of the[0f62ly Afprodekefocbmﬁhgi?ﬁhhwna sibdnate d@la@d@;eémt clitigihelchasbegh an

i nsertiontrgenoval. openi in the side of e chanber The not or
o ees onalf BRoR SRR R nERs et RS e et s GRS Sorale

| ower, waf 84 -Theasthpge6itamsdde maoermﬁt@én in iy ¥dVerlonhl Mpueh réakbier S
connected to the _sugigl y lines 8, gas deli very systen% throttle valve, RF

power suppPiPeRmming ngiagsidos exaanie, S8AAY 2ssemebly bagvags, GyfstbrRasesl &orran or
control4. edotﬂ¥rsaS§1Ya%i@ﬂ¥b Joﬁjs kseernte? dai'ht todNt l?hle ot IS I%QEIesotlsﬁﬁ\%liCh only some

are shown. Control relies on romotl rs to
det er mi ne cmerpmaltteldredttér mmmeé ombmdmdaala campmnblllsabb mahlhn,awchm throttle

val ve 15 anpd suscept or whi ch r| at s undey, th
control of m@%‘ﬁ{yrsgfg of i coty e’??{ X‘é%%ﬁfﬁ? %éﬂ}g,uagqﬂéw@%t em
controller 1s|cambudeSncathhaesdltﬁht&kmgmr\cede {smhmmenke£8)th aﬁoBJleélmhle of sk dri ve and
a processor gﬁ\f{ roc SSOr, 9@ I ns a.si n&l e-board _conputer,

anal og andp’i?F‘(ﬂ‘Rl K8 (WI‘PS%‘YS Bg‘ia%wu‘il?ﬂse p grecuisdhs B’ékeén%f”%ﬁl@ﬂﬁéh“tnot or
controfger c&ﬁ@l‘iéjs%ste?ﬁafsbﬂﬁ%ﬁ@'iﬁe%bﬁgct fode) &M§h§fﬂe%@mﬁ@t@f 8fstent B IBQQhé/ 86&%3

Modul ar Eur opean "20 (V standard whi ch deffnes board,” card

connect or mrngn@t/ofrbe@ﬁ mm@gdsmd@xeoumﬂmmmw@méhwksné@ %quzllﬁhs
structure ?ﬁé{l?n'ng a 16-bit data bus and a 24-bit address bus. [0061]
System con er 34 control s all of the activities of the CVD machi ne. The

system co |l exe stemc r ol r his co ut er
progr am st B}Dégl ﬁ{“‘a a&% F ap@a@gﬂﬁkgcmﬁﬁ@am%@
Pref er abl yhgﬁtfaﬁn BB8Rhdwsth FI6. 8BWhidh & sSdmpKifidd\Bagrétt bf tHa y mafméﬁmﬂay al so

be ot her kinds of rrermry The conputer program 1ncludes sets of

i nst rud? i oRYD syatemdl (in grsubstraée RIPEASFBE SYsioRt, Whichgpayjaelade ongrympase clpﬁné@ssur e,
chanber t egp. @E g{e rfed eﬁl%o Q& thENiBhibors §¢|55 éﬁéeﬁfod%%?d&ﬁéarln i e

paraneters o artlcu ar process. conputer prograns store on ot her
menory devifardise opetaltarsl amiythe other Béhimkthaplall forthé $epypytediridians: ThiehsmitarsGOher

appr opri at (salm%litaneohslgﬁ}/spﬁy%l?e s%%lelilﬁgd ttl%nolpu? roafy one ?gﬁ' tpre% 5|0§ 1s enable& A light
sensor in the tip of light pen 50b detects light emitted by CRT display. To select a particular
20  screen or function, the operator touches a designated area of the display screen and pushes the
button on the pen 50b. The touched area changes its highlighted color, or a new menu or
screen is displayed, confirming communication between the light pen and the display screen.
Other devices, such as a keyboard, mouse, or other pointing or communication device, may
be used instead of or in addition to light pen 50b to allow the user to communicate with

25  controller 34.

[0064] FIG. 6A shows a remote plasma generator 60 mounted on the lid assembly 15b of
the process chamber 15 including the gas distribution faceplate 13a and the gas distribution
manifold 11. A mounting adaptor 64 mounts the remote plasma generator 60 on the lid
assembly 15b, as best seen in FIG. 6A. The adaptor 64 is typically made of metal. A mixing
30 device 70 is coupled to the upstream side of the gas distribution manifold 11 (FIG. 6A). The
mixing device 70 includes a mixing insert 72 disposed inside a slot 74 of a mixing block for
mixing process gases. A ceramic isolator 66 is placed between the mounting adaptor 64 and

the mixing device 70 (FIGS. 6A). The ceramic isolator 66 may be made of a ceramic
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[ 0062] A process for depositing a filmon a substrate or a process for

cl eani ng the chanber 15 can be inpl enented using a conputer program product
that is executed by the controller 34. The conputer program code can be
witten in any conventional conputer readable programm ng | anguage: for
exanpl e, 68000 assenbly | anguage, C, C++, Pascal, Fortran or 5 others.

Sui t abl e phaERARIGOSALG; @9 ﬁi\ﬁiﬂy)l Téfbon®, 6t 1he hlﬁefwihen ir3tal16d!/thd Mb:End ddvie.
using a conventlonaj text editor, and stored or. embodied in a comput er

usabl e med{dARd ceramic iselator 6fmay form part efifhe kd t‘%‘i@n@drtﬁbt &he isplatar 96 isolatesr ed code
text is i r‘thé‘nt%taggdahﬁ)\f%h ﬂo@rpﬂl@%ﬂﬁmgrdgﬁcé:ﬂﬂﬁld ga$ disibRtibeHhani®sld 1? e mirfimiset ant
conpiler code ist l'inked with~an obj ect code of preconpi M crosoft
W ndows ( r ) the pesentia) farase¢andary plasmate furmen thedid dsprvally 1éb)aﬂﬂ1$®dsedb91 pote 10 code
the syste nv t e Si t he R systemto | oad
t he cod%fe néllegﬁﬁrrbee}f’o“r' Rlﬁﬁr%e'%vg 2?1 c?rg%gssmgﬁg\%eogg% roces{% “83% %ceﬁﬁrfor m t he
t asks iderﬁhafnbadlieithelmarecﬂyogﬁmngh[tlﬁ&)‘éﬁi])te'ﬂtmﬂargbﬂerﬁtaﬁéo.bet ween a user and
the controller 34 is via a CRT nonitor 50a and [light pen 50b, shown in FIG
6B, which rb 65} STHEYenbicqslasthAghamiop ko lsm%m?%?} é?éBrﬂiSh@t %at-c@iﬁﬂtnedl@m@ caystem
S

10 in a substrate processing system which I ncl ude one or nore chanbers.
In the preY wwnm@mwmtom%llmﬁnbleBe@d @sﬂnswoﬁﬁprbomeﬁsm in the
cl ean roo for t he
service tech\%ﬁlllbléﬁseﬂtfs%u%gﬂfro%% E %gtrﬁ'@dl %agiﬁ{ésot}%ty gag‘?ﬁslg ay t @ sane

i nfor nHt i oASTRON@;gdnyramravmmptdfrmmpﬁm@i Scseneetaltd Bethndlogy,Jind. of $ebany, in t he

tip of cts light.em Ta select a

parti cul a?wgréf@gﬂ.%éﬁﬁ?ﬁg utlltzﬁﬁ'aif’&gﬁﬁg rgﬁgbgﬁ%‘gatﬁdbség‘fl@tﬁétpé%eﬁr ea of
the di spl ayass & & examgleDthe pesmialiRssoddatés Dproedds g&qnawnéghuoaﬁ&cdnmhggasar ea
changes its highlighted color, or a new nenu or screen is displayed,

confi rmi ngSuchandIFi &k & GRS ERGENER 26 AREOR foprnergiriregftroring which it 'asyd hlean.

Q her devi ﬁﬁ%?gggha%ﬁoé@ym&r 1§/ouse, or other pointing or conmunication

devi ce, use t ead I n addltlon to light pen 50b to allow the

user tp. co i cgte 5 cont I 4] Fl G _BA r.enot e
pl as naPsgengi:ﬂg@ Hey ﬂn%?fﬁtl %ﬂisgﬁer? qﬁan g%ﬁﬁ?? %@ngte‘ﬁtyhé m@éggs} anber
15 i ncl udi ﬂgtliahﬁr@%nﬁdﬁi‘camdmt alematlesmhtaﬁdﬁoﬂ@andiéqilltdI@tQﬁSysb Sded tittbaton
mani fold 11. A nounting adagt or 64 nounts.th rermte asrra generator 60 on

the lid adpariseomsipe spisit gEtbe invention. Additignaliy a mpmberofaptlbimosm nracessgs cal | y

made of nehy elerﬁente ﬁgveao@&eﬂ%cﬁsedm orer @@mt@amteebstmy HRhriSAdE pledént Of the
gas distribution manifold 11 (FIG 6A).

invention. Accordingly, the above descnptlon should not be taken as limiting the scope of

20 theinvention.

[0067] Where a range of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically disclosed. Each smaller range
between any stated value or intervening value in a stated range and any other stated or

25  intervening value in that stated range is encompassed. The upper and lower limits of these
smaller ranges may independently be included or excluded in the range, and each range
where either, neither or both limits are included in the smaller ranges is also encompassed
within the invention, subject to any specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges excluding either or both of those

30 included limits are also included.

[0068] As used herein and in the appended claims, the singular forms "a", "an", and "the"

include plural referents unless the context clearly dictates otherwise. Thus, for example,
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m xi ng device 70 includes a mxing insert 72 disposed inside a slot 74 of a
m xi ng bl ock for mxing process gases. A ceramc isolator 66 is placed

bet ween the nounting adaptor 64 and the mxing device 70 (FIGS. 6A). The
ceram c isolator 66 may be nade of a ceramc 15 material such as A1203 (99%
purity), Teflon(r), or the |like. Wwen installed, the m xing device 70 and
ceram c i gefesnce to6'a pmrysssl" nciodesa pluedlity Gsuch proasssesrdnkd yefefeince thiehel sol at or 66

i solates the ng 64 fromthe mxin evi 70 .and .gas

G ot 1 bt (BHOREE PO Feletepes ok B T trfrus st st euaeds SR iRmiy ot asma

to form i nhédaekilledinhs efifind sd &drtlas di scussed in nore 5 detail below. A
t hree-way val ve 77 controls the flow of the process gases to the process

chanber he i " ou e Rl a [ 0065]
The renot 306‘?923 n’%‘sgéﬁ"g‘?g‘%r EE“OJT{g é d%é’g gﬁ icugie agtﬁmu%]e?ﬁ@oﬁr#g}dggd uni t
that cdn \ﬂ@nwvd/mnhleapdcyﬁqmm@dndm fpliemlngdla'ass@nmtwdbabo spedifpptheeasi | y

retrofitted onto e td nber wi th sty SQESKm ng

nodi fi cat iR S d{fg&%iffé}gﬁes n&nﬁrs cgmp%nen f&@"?ﬁz&‘\(ﬁey 851 %rte%}ld ﬁjlﬁl | abl e
from Appl i peebefnl ot Additiom df dreadt Adre gther femares Ghtei¥ik tbmpondwiiss Steps] aets ABTRON( 1)
generator utilizes a lowfield toroidal plasnma to dissociate a process gas.
In one exaPHRE; the plasma dissociates a process gas including a
fluorine-containing gas such as NF3 and a carrier gas such as argon to
generate free fluorine which is used to clean filmdeposits in the process
chanber 15. 15 [0066] Havi ng descri bed several enbodinents, it will be
recogni zed by those of skill in the art that various nodifications,
alternative constructions, and equivalents may be used w thout departing
fromthe spirit of the invention. Additionally, a nunber of well known
processes and el enents have not been described in order to avoid
unnecessarily obscuring the present invention. Accordingly, the above
description should not be taken as limting the scope of 20 the invention.
[ 0067] Where a range of values is provided, it is understood that each
intervening value, to the tenth of the unit of the lower Iimt unless the
context clearly dictates otherw se, between the upper and lower limts of
that range is also specifically disclosed. Each snmaller range between any
stated value or intervening value in a stated range and any other stated or
25 intervening value in that stated range is enconpassed. The upper and
lower limts of these snaller ranges may i ndependently be included or
excluded in the range, and each range
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where either, neither or both limts are included in the smaller ranges is
al so enconpassed w thin the invention, subject to any specifically excl uded
limt in the stated range. ‘Were the stated range includes one or both of
the limts, ranges excluding either or both of those 30 included limts are
al so included. [0068] As used herein and in the appended cl ains, the

si ngul ar fWHST ISSCLAIMBD,ISand "t he" include plural referents unless the
context clearly dictates otherwi se. Thus, for exanple, 16 reference to "a
proces i ncl udes a plur uch. .processes d reference. t

precurzlor i ncl udes refe?se %‘?8f‘i SIBE fl‘éorb?xé %%Pgaaf‘ﬁﬁs ﬁ\?éli‘

t her eof2 kKnesprising: those skilled in the art, and so forth. [00691 Al so, the

words "conprise,” npr.i si ngl&" i nclude,” "including," and "includes" 5
when used in this sé’é‘b‘i“ihpééts? Ha’&ﬁ?iaidFPO@W@nFW% ng clains are |ntended to

speci fyy the  preseneenghd @l sk RAYbiiRecul il SHBHS e CRIRAME ! ari €PS.

but thgg do not preclude t presence ‘or addition of one or nore other
f eat ur e, mﬁo@gmgéhe@tgmmmmpresmegsntom@mber, groups. 17 WHAT IS CLAI MED

1S 1 A et hod of it |I| n a,subs t he
met hodjﬁ 2 conpri si ng %R.Qﬁ] Q%ﬂ%pa""’%‘& ?smoiygl«gﬁlﬁgr ?"thIr?mc'ﬁ Fr‘%'é‘?n

gener at1 ngpraa:umirmldmetawpgebx]zgeﬁ(pmfcatsbra‘raﬁsstdﬁxédhﬁtldaamambérl; on chanber, and 5
introdt}spl ng the atomc Oxé‘gﬁﬁ precursor into the chanber; 6 in r oduci ng a

silicorf precursor tdcatBe PR PRGULSHLARE dhe atQTRIC/OXY BETk RECUSSOF {Q19Fm the

precur spr aiébnikfledhRAbE tHOMBRAtRbREUr sor are first mxed in the chanber; 8
reactlgg the silicon precursor and-the atomic oxygen precursor to formthe

9 silitbn oxide |ayenneshing the depesited silieon exide laPeranneal i ng t he deposit ed
silicon oxide layer. 1 2. The method of claim1, wherein the substrate

conprises a silicon jaf erThe%uéﬂ%‘ﬂ'd?Qlaﬁn‘i' @H&Eﬁrmé’gubﬁpﬂé’émﬁﬁﬁemlﬂ{:od @é‘f@r 13

The nethod of claim'l, wherein a plurality of structures are forned
2 havinga diameter of about 300 mm or less.

1 3. The method of claim 1, wherein a plurality of structures are formed on
2  asurface of the substrate, wherein the structures include gaps and trenches having height to

3 width aspect ratios of 7:1 or more.

4. The method of claim 1, wherein the atomic oxygen precursor is formed
by:
forming a plasma from a gas mixture comprising argon; and

introducing an oxygen precursor to the plasma, wherein the oxygen precursor

wn AW N

dissociates to form the atomic oxygen.

p—

S. The method of claim 4, wherein the oxygen precursor is selected from

2 the group consisting of molecular oxygen, ozone, water vapor (H;0), and nitrogen dioxide.

6. The method of claim 1, wherein the atomic oxygen precursor is formed
by:
introducing an oxygen precursor into a photodissociation chamber; and

exposing the oxygen precursor to ultraviolet light, wherein the ultraviolet light

wn O p W N -

dissociates the oxygen precursor to form atomic oxygen.
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2 a surface of the substrate, wherein the structures include gaps and
trenches having height to 3 width aspect ratios of 7:1 or nore. 1 4. The

met hod of claim 1, wherein the atonic oxygen precursor is forned 2 by: 3
formng a plasma froma gas m xture conprising argon; and 4 introducing an
oxygen precursor to the plasm, wherein the oxygen precursor 5 dissociates
to formthe atom c oxygen. 1 5. The nethod of claim4, wherein the oxygen
precurdor is sel ect@d frBwmmethohef Jaioug wheresi the bxiygeniprevotserisiselected frgmn,
ozone, ,Wa [ e The met hod of claiml,
wher ei % ttrt\]ge g@.{%’g’o&n&gﬁ%&’m&?g}éﬁro&?& Goopit aédgﬁmﬁe%gmxglel nt roduci ng an oxygen
precursor into a photodi ssociation chanber; and 4 exposing the oxygen
precurdor to ultravBol et The lgblhpd ohdaig hwliereimﬂhesidiivbmpnet:urbcbrghlseledﬁedcftmoci at es
t he oxyge QPrecursor to tom ¢ . 8.1 7. The hod of claim 6,
wher ei % ﬁ[?e BURERsISP ’&?fr stgpe ggne?@ﬁ%@f%gmfl?% s“a?ettﬁga"ﬁ?tgglgll%nm sting of

nol eCUBar dwﬂm@lane ecteuntethyddtthosilit4te gEVIOS), Qmadmylohh&mafe(mswd of claiml1,
wher ei n the silicagn precursor is selected from 2 the 1gsaoup consi sting of

si | ane# diosemeipylirisilonane (QNES) petpapthylcycloteliasilgrane (OMG 3 di et hyI si | ane,
tetransgt hxéta;ﬁehmdﬂnb@@mn&ﬁmmaﬁ@Eern%ﬁfewic?aueeﬁgdokmt@oﬁgm

octanet hyltri sil"oxane oct anet h ot etrasi | oxane S), 5

t et r amét hyDMDMOSWDIEMSemptbylde®pxysiene (MVERES rphenyldinyathyisibane, o pbenyisdlane.
(TOMCATS), 6 DVDMOS, DEMS, nethyl triethoxysilane (MIES),

phenyl qi met hyl si | ang, a”?hé’#ﬁ@@% Bfihléiﬂﬁz whbrefh thl-lgﬁicgﬁélt}%sﬁljls ﬁh)?ﬁ'ﬁl’ﬁllﬂhavmere' n
the silicon precursor is mxe carrier gas conprising rum 1 10.
The nefhodawier gasziomptisingheliwn.n t he deposition chanber conprises a 2 wafer
pedestal that supports substrate, wherein the substrate is adjusted by the
waf er pedest al L, r 0] ty t he silicon
oxi de ﬁayer IS for ’ﬁﬁ]% ﬁgoalf%#og%%}el tz‘clailem oasptplflleclhérlnﬁe?cﬁﬁlpb %om tion

chanber hagaféer pedessa t.liae suppont§ subbsiate, wheteir the stlsstratedsiadjidledloy the aafer pedesial i con

oxi de | a e is forned.
y toa temperatu.re of about 0°C to about 150°C as the silicon oxide layer is formed.

1 11.  The method of claim 1, wherein the deposition chamber has a pressure

2  ofabout 0.1 Torr to about 10 Torr as the silicon oxide layer is formed.

1 12.  The method of claim 1, wherein the silicon oxide layer is formed at a

2 rate of about 250 A/min to about 2 pm/min.

1 13.  The method of claim 1, wherein the deposited silicon oxide annealing
2 step comprises a thermal anneal, a steam anneal, a plasma anneal, an ultraviolet light anneal,

3  ane-beam anneal, or a microwave anneal.

14.  The method of claim 1, wherein the annealing of the deposited silicon
oxide layer comprises:

heating the substrate at a first anneal temperature in the presence of steam; and

AW N -

heating the substrate at a second anneal temperature in dry nitrogen.

[

15.  The method of claim 14, wherein the first anneal temperature is up to
2  about 950°C and the second anneal temperature is about 900°C.
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1 12. The nmethod of claim1l, wherein the silicon oxide layer is forned at a
2 rate of about 250 Almn-to about 2 mMmn. 1 13. The nethod of claim1,
wherein the deposited silicon oxide annealing 2 step conprises a thernal
anneal, a steam anneal, a plasma anneal, an ultraviolet light anneal, 3 an
e-beam anneal, or a mcrowave anneal. 1 14. The nethod of claim1, wherein
the annealing of the deposited silicon 2 oxide |ayer conprises: 3 heating

the substrate al a il rSirn8RReRM dreREN Aien b héifod eelosiib @M and_ 4
heatin the substrate at a second annea rature in dry nmtrogen. 1 15.
The hotibgifate o niptreatmen plasma before mtrwb{clrmgﬁea@pmtc«sqmemmwsomr siicoro 2

about d:QSOIge g)rtt(pﬁle% ﬁd%ﬂgm Erﬂﬁér tenperature is about 900C. 19 1 16. The

met hod of c m 1, ereint net hod conprises exposing the 2 substrate to
a pretreatnent plasna bef ore introducing the atom c oxygen precursor or
silicoh 3 precursdf.to Thaenethwdadiclain i6,onzendie the pretdcAtmeriplasms cahigh- ¢l ai m

16, hi 2 d I i Si
ar gon. 2 neb ety PRl aRyedt, AR bio Su @) 460 RRemotaorc hodof ol ai m

1, wherein the deposition chanber is part of a 2 high-density plasna
chem chl vapor depd§iti d‘rhe(mdmﬂ\dﬁ):lahysltwh&reiﬂltﬂcgdepésiﬁmiJﬁiﬂithhaflsfp@.ftmffﬂg a

silic strat conprising: 3 providing a
sili cgg V@Fﬂ?"‘?ﬁ%g fgﬁ?%lcgl YARY eP%%“%ﬁ!f&?%)fyaéﬁ’erau ng an atonic oxygen
precursor froma dissociation of nolecular 5 oxygen in a high-density argon
pl asmal wherei n t hel9at om methoy 9€ forpinpcasilivon okitle (BBLOME Sikbsirhte, the MethodDt €
pl asma%generatl ng chanmber that is external to the reaction chanber; 7 m xing
t he atom CBYYEn precursor with a silicon precursor in the reaction 8
chanbes, wherein thgowal® a@ﬂfasﬂmr@ﬁ@,ﬁatemreaasbntdn&nseﬂIcon precursor are
not m xed before reachi ng the reaction chanmber; and 10 depositing the
silicoh oxide | ayergen¢eratingansaioraicroxysen RRERIFSSr fromraedissoriatiomofmplgentar] 1 | ayer
COMPY | €S of B8 il PR UGG aPaoh'phibhra) $ndrEift id AR loxBeh REQRIGE igehaaRa W t N the
6 aremote plasma generating chamber that is external to the reaction chamber;

7 mixing the atomic oxygen precursor with a silicon precursor in the reaction
8 chamber, wherein the atomic oxygen precursor and the silicon precursor are not mixed before
9  reaching the reaction chamber; and
10 depositing the silicon oxide layer on the substrate, wherein the silicon oxide
11  layer comprises reaction products from the reaction of the atomic oxygen with the silicon

12 precursor.

1 20.  The method of claim 19, wherein the method further comprises

2  annealing the deposited silicon oxide layer.

1 21.  The method of claim 20, wherein the deposited silicon oxide annealing
2 step comprises a thermal anneal, a steam anneal, a plasma anneal, an ultraviolet light anneal,

an e-beam anneal, or a microwave anneal.

22.  The method of claim 19, wherein the silicon precursor is selected from
the group consisting of silane, dimethylsilane, trimethylsilane, tetramethylsilane,
diethylsilane, tetramethylorthosilicate (TMOS), tetraethylorthosilicate (TEOS),

HW N -

phenyldimethylsilane, and phenylsilane.
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12 precursor. 1 20. The method of claim 19, wherein the nethod further
conprises 2 annealing the deposited silicon oxide layer. 1 21. The nethod
of claim 20, wherein the deposited silicon oxide annealing 2 step conprises
a thermal anneal, a steam anneal, a plasnma anneal, an ultraviolet |ight
anneal, 3 an e-beam anneal, or a m crowave anneal. 1 22. The nethod of
claim19, wherein the silicon precursor is selected from 2 the group
consisting of silamg, diAB sk ®idepsifta silidonRkieSjet G0E sutfs@hte B S Wnsi | ane, 3
di et hyI silane, tetramethylorthosilicate (TMXS), tetraethylorthosilicate
(TEOS)2 QPIWRSHB%F di net hyl sil ane, and phenylsilane. 20 1 23. A systemto
deposi4 a silicon ystem 2 conprising: 3 a
dep05|§t| on chanber%ng%h%&ﬁ%%ﬁ@éﬁbguﬁgﬁé4 a renote plasm

gener a4 i ng syst em coepbtechlismat geaeraingeysteinmouplad tixbe depdiltmhehanber; he pI asma

generatin used ener at e at ond c X ecur sor;

a1 coh pPREtRBP et Bets SRR R i 0 Lo n AOHE RO RES P iSh e

deposiéi on 7 chanbssiliconptecBrspr &Rideaned ﬂa&npblyagﬂﬁ:yﬁp@wd tHedegbditt | ows
of the atorggﬁ)g% en precursor 9 and the silicon precursor i$to the
deposi'fi ofPagIvg wherein the precursor handling system 10 keeps the

at om cg oxygen and %rédxﬁs%? h&[&iﬁ%‘s?s@én% uded AR OX ﬂBQs Bﬁfh@ 'hﬁmh@@i(yg%ﬁh?ercuﬁ&e
deposition 11 chanber. systemof claim?2 wherein the renote

pl asnad geanskthe siligorsyreuasar ifto the @pbﬁltgm chamber yvhgbmsthap@ewwrdlandiglgwscmm 1
25. T L 2
sour b ankient Hsplontl: 85t ind MIELEbRbote: SUBHRAEYR BE5 ol e 45001
gener at i nchambst.em 1 26 The system of claim 23, wherein a carrier gas from
a carrier gas source 2 is mxed with the silicon precursor before entering

t he deposition cha er Th S cl.aim 23. ;wherein .the nrecursor
handl i Eg system 2 (I;Q(;rrprliihgssysmf’l ?g%%f “fheéeﬁnh’ r%m%tgﬁ&asmlgg?er?t&g% “Pn the
deposi 2i oy atighvbetisity plasne génetdtidig fsystéh.

1 25.  The system of claim 24, wherein the system comprises an argon gas

2  source and a molecular oxygen gas source coupled to the remote plasma generating system.

1 26.  The system of claim 23, wherein a carrier gas from a carrier gas source

is mixed with the silicon precursor before entering the deposition chamber.

27.  The system of claim 23, wherein the precursor handling system
comprises a first inlet and a second inlet formed in the deposition chamber, wherein the first
and second inlets are positioned in an orthogonal direction to each other, and wherein the

atomic oxygen precursor enters the chamber through the first inlet, and the silicon precursor

wn bW N =

enters the chamber through the second inlet.

[

28.  The system of claim 23, wherein the system comprises an annealing

system to anneal the silicon oxide layer.

29.  The system of claim 28, wherein the annealing system comprises a
thermal annealing system, a steam annealing system, a plasma annealing system, an

ultraviolet light annealing system, an e-beam annealing system, or a microwave annealing

B W N -

system.
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3 and second inlets are positioned in an orthogonal direction to each other,
and wherein the 4 atom c oxygen precursor enters the chanber through the
first inlet, and the silicon precursor 5 enters the chanber through the
second inlet. 1 28. The systemof claim 23, wherein the system conprises an
annealing 2 systemto anneal the silicon oxide layer. 1 29. The system of
claim 28, wherein the annealing systemconprises a 2 thermal annealing
systemi a st eam annd@l i nfhepsthedpf claipl 2& mdereimibe bilingn exide laygr isanr@aled in

ul travi,ol i . | L ng system an e-beam annealing system or a
nicromgvquﬂﬁéggﬁﬂgaﬁﬁﬁ§§sten1 21 1 30. The nethod of claim28, wherein the
silicon oxide layer is annealed in 2 the deposition chanber. 1 31. The

met hod Icl ai m 23, whét.ei nThéimethpd claim 23 nphcrar theaysieny lconiprisastayhiglRdqmbsigys ma

chemi cgl vapor, AeROSH Jap o HRRGY Rnsehs Wstca?
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