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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, etc.) to be packed onto the

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



device structures fromeach other. If the gaps were left enpty, there
woul d be too nmuch 5el ectrical noise, and current | eakage for the
devices to operate properly (or at all). [0004] When gap W dths were
| arger (and aspect ratios smaller) the gaps were relatively easy to
fill with a rapid deposit of a dielectric material. The deposition
mat eri al woul d bl anket the sides and bottom of the gap and conti nue
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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  offthe 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»02) 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



film Unfortunately however, increasing the noisture |level during a
silicon oxide deposition can al so adversely effect the properties of
the deposited film including its density (Le., an increased wet etch
rate ratio (MWERR)) and dielectric properties (i.e., an increased
k-val ue). [0008] Thus, there remains a need for dielectric deposition
systens and processes that can 5deposit voidl ess, seanl ess,
dielectric filns _ into gaps, trenches, and ot her device, structures
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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 fo the deposition chamber,



m xed before reaching the reaction chanber. The silicon oxide |ayer
deposited on the substrate includes the reaction products fromthe
reaction of the atom c oxygen with the silicon precursor. 30 [0012]
Enbodi nents of the invention may still further include systens to
deposit a silicon oxide |layer on a substrate. The systens nmay incl ude
a deposition chanber in which the substrate is held, and a renote

pl asma generating system coupled to the deposition chanber, where
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wherein like reference numerals are used throughout the several drawings to refer to similar

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;



[0015] Fig. 1 is a flowhart showi ng steps in nethods of formng

oxi de |l ayers on substrates according to enbodi nents of the invention;
[0016] Fig. 2 illustrates steps in nmethods of form ng oxide | ayers
according to additional enbodinents of the invention; 25 [0011 Fig. 3
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15 {0023] The methods of the invention include the remote generation of reactive atomic
oxygen outside a deposition/reaction chamber. The atomic oxygen is first mixed with a
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 8i-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



15 [0023] The nethods of the invention include the renpte generation
of reactive atom c oxygen outside a deposition/reaction chanber. The
atom c oxygen is first mxed with a silicon precursor in the
depositi on chanber, where they quickly react even at | ow tenperatures
and pressures and deposit silicon oxide on a substrate. The oxide
formed is rich in hydroxyl groups bonded to the silicon, which nake
the oxide highly flowable. Once 20 deposited, the oxide wll flow
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[0028] The dissociation of the oxygen containing precursor to generate the atomic oxygen

may be done by thermal dissociation, ultraviolet light dissociation, and/or plasma

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

helium, argon, hydrogen (Hj), xenon, ammonia (NHs), efc., 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 (SiHL), among others: Organosilane compounds may include compounds with direct



of 5:1 or nore, 6:1 or nore, 7:1 or nore, 8:1 or nore, 9:1 or nore,
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formasilicon de film r|n t.he deposifion, the waf may
be adj ust ed™%ed e 0“' ’&ﬁé‘ﬁr"é]‘“%‘b% 890%‘5 %%Hr@g‘{maqm PR er the

supports t h&la%&&ﬁroﬁ@l @p&@taﬁpduanwepar@t%d peauor ﬁﬂztg dsteibaed arbmﬂe@cnap
[ 0030] The silicon precursor may include an organosil ane co ound

and/ or si | i e5mbeloFEbLHIEPIn e BRSO B TESHEES RSB o Siple ets) at the

Precursgss Yploh i chdnieP 1t p¥Bi¥iohdaGiredl§ abbveaMtEsubstiatdd )The 210 aedtd theNSw of
Or ganosi | ane” conmpounds may i ncl ude conpounds with direct., Si-C

bondi ng andfSOXYESHBTSEHERT ha disectpn Wﬁlewer tA e sihstats dgrosition surface.

or ganosi | angfeahdiieOhe ﬁh&ﬁl%&:@fsﬁr &Y ented BoidRe 61 ABYe Mtbis bloadfiBthe sides of the
trimethylsilane, tetramethylsilane, diethylsilane

t et ramet hy| @¢Ropiier f1ambere Téﬂrmiﬂs may greetiBe ﬂw oF b geem REgeREsOY ipgdigyetion

octanet hyl tg p'ib:!nﬂ?&@lﬁ}%m(aﬁéﬂ%e desds@R LML ycl ot etrasi | oxane (OMCTS),
t et ranet hyl di'net hyl di net hoxydi si | ane, 5 tetranethyl cycl otetrasil oxane

( TOMCATS),, Wzﬁ%l drHﬁﬁeny 1{1&1@&@ r%ﬁ@ﬁ&nﬁwgg%hﬂn% silicon precursors

phenyl di et | ane I ane, ng ot hers
silicon pr e(ﬂuo@rsenmye Ib?eis nf xemltwwhawerbnaﬂq Eer egaspla@fsbpﬁerb?adaewqmgd

its introdu o e an

i nactive gagﬁévﬁg}fes oes no |3’ I nter g%ggﬁnptﬁ%%ﬂr?%fﬁagﬁﬁtgpof t he
oxi de fil m depositien shabben: £ins. sulExmfppwg@ﬁlaEéﬁ suppliedity thgtersicionrgende

hel i um neow,. ALaoDniil &LAARIbseNEbperfRd i UEHRIEH e Likitdn prBliRNE BHAEors

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

which are herein incorporated by reference for all purposes.



[0032] In enbodi ments of nmethod 100, the atom c oxygen and silicon
precursors are not m xed before being introduced to the deposition
chanber. The precursors may enter the chanber through separate
spatially separated precursor inlets distributed around reaction
chanber. For exanple, the atom c oxygen precursor may enter from an
inlet (or inlets) at the 15 top of the chanber and positioned
directly above the substrate. The inlet directs the flow of the
oxygen preciif¥dr Asiheatemicosygenanpelippamriounorareastdn thedepngition phamber, they
deposi ti on ﬁﬂﬁpégﬁico etenmtefa@osemt bERGHR REHLSAD. FRY infA eadéxantn
one or nore Inlets around the sides of deposi tion chanber.

inl ets may Jis excellent Rewahiliy, asf coanquidily mtgﬁttp iBo8Ds: §mchi=wetdwqa§t§tqfw
appr oxi mat %ﬁgﬂ%ﬁﬂsl %seﬂtgtt?:\ é:gﬁﬁ&%u}ﬂa&n TRlI18¢ She Athb 966h C;I)rowde oxide

Addi t i onal ts 1nc sendi ng the atom c oxygen an l'i con
precursof s fillrthaigte sulstratialivefigse veidoandgeams| in papsdrenchenné pthemrfagor

oAttorn of %g%%?% Qﬂ%h%%ﬂqcurso e&%o%é%?, t eo‘?aﬂéﬁﬁlsIln@hL!E‘dlega1

pattern of openings to en eposition
chanber. On&lsiibsét:lciddpder mgs).nmay be supplied by the atom c oxygen
precursor, while a second subset of openings is supplied by the
silicon pr e[ilﬂBS:]orWhierﬂmﬁmgﬁo BSbdund toed pan@ulahﬂlwghtisbéﬁeeccbthat thedikicoof

opening may_be flu at ed QO ot he

t he deposi tPrS?t’r%oﬁﬁ?’tﬂth%/rem éﬁ’ %eﬁ“o‘?% {nm? XE}ECM acut‘)% Jess'ﬁan eé‘.ia%?g %of
precursad hhighltimentatiot gisidirbn-hgdrebed groip€Si-OF) bandso Itaeshgmé theks: ®nds
Provi si onal , Ilcatlo Lubom sl.c

D006 and ¢ 1R e R ARy geiide Ve snap Biae HUR T rh sEi ‘!Se}g&%g i
subsequent ldc@ascawdterl rat aria(WBBR) acladislariordohstand of the ﬂ@om@yl 149ex; kibich
No. A11162/T727 fil t ane, day. resent ap |ca

both of whi & f&‘i‘l“ééﬂ‘éﬁtéﬁﬁy?ﬁﬁ%ﬁe&Stﬂﬁgg%‘d ‘i‘é“r"ef CENERCS? & aF‘i‘“ m%“g’%
[0034] As tm‘ﬁusaﬁteH@xﬁ:eﬁﬁﬁ&eﬁftﬁﬂﬁ-eﬁlbbmis@reﬁéchetﬂ’tgmnﬁeaﬂzﬁgoie mmrrgmme silicon
dep03|t| on chanio quit%; form he silicon oxide layer on the
substratlé depEsFEdh Yigdher °Slt’fﬁ'e initial oxide layer has
excellent flowability, and can quickly magrate i nto R nghes,
voi ds, seanms0038k cA poft/deqsition ppmsal af theddepgs %de‘-‘lltltcc’%f’x‘fi?t@ e@%gtaif Bfnema
surface. ThigerklpWs xﬂuh'@lé%g Ofl sthi@f2 ste aﬂ{eet\éh@a:e%ha GorZkathple, biyhadtna e
substantial ly free of voids and seanms in (g g éhes % t.her
sur f ace strd@twfééaﬁh‘&tab%\ﬁgoﬁitaﬂb%i%tc \ﬂ]"&’t‘ﬁ 46 s atout dna
(e.9., ARS gin:alouily dpy atmofphdre (Os. 1dry§1trja§en9hélmipar%on b, )1 Théithed Zérdoved

nore). [0035] Whilé rnot wi shing ound to a partjcul ar_ theory,
it is b e\msxzﬁtqrnﬁ?mtfhﬁeieﬁtqﬂrwﬁerefléwer&r&é}t&g@% intg §ilied §xidfe 18F at ed

atomic Oxyg%e&?§§1hc&ncbxicﬁrl£96§hé'tﬁlb£% itk eug&;ﬂé mggﬁ ot%dtt@tb about 3,

concentration I i con- hydroxyl™ group bonds._ It's believed
t hese bonds oF lepalead impeoved ewélas%va afdielerAIsi (F g+ §k{vaue prpragrhing erpapaliteere
layer. The Sii&ts s, however, also increase the wet etch rate
ratio (WERR) and dielectric constant of the deposited |ayer, whi ch

can reduce tdg@ﬂ%hﬁt &e&&ntq%mq)e&eﬁhé £l Uncaf iflrt 1 18] FELLMERERS

as a electri i nsul at’or e concentration o
are redutSed viry armnal etake, werh(as heating thedayerlp, fohexagiplei wpte 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 8i-C bonds). The first, wet anneal, helps replace a number of 8i-C bonds with 8i-OH
bonds, while the dry anneal converts the 8i-OH into silicon oxide bonds and drives off

moisture from the layer.



150xi de | ayer 114 follow ng the deposition. [0036] A post deposition
anneal of the deposited silicon oxide |ayer 114 nmay be done in a
single step, or multiple steps. A single step anneal nay be done, for
exanpl e, by heating the deposited |ayer to about 300C to about 1000C
(e.g., about 600C to about 900C) in a substantially dry atnosphere
(e.g., dry nitrogen, helium argon, etc.). The anneal renoves 20

noi sture fromthe deposited |ayer and converts Si-OH groups into

si | i con oxil6838) Theadditivadd wet anid[dnchermakingeslingypgher frmsalingyrchuiaues (alongor
quality (e.igcomBndRngd b@%@&’fo inda 18 §bn oRideUyel A5 ImaAR Rl Ot
qualities as a dielectric (e.g., a k-value approaching or equal to
pure sili comnei,@olaseip anfegl) JYEITATIPIES Light Epeabrinedieam ganeal, pd/ r@anigrowave
two-step a e layer first undergoes a 25 wet anneal

st age, suc%@l’%}glﬁ#ﬁ%&?he | ayer to, for exanple, up to about 950C

(e.g., 650 it resence. of m . Thi . T Q .dr
anneal sfa&@?éﬂhé{]cgmgﬁnqwaég‘rlg' izsaé{)gg ea° !éézgdaa&fg g%llﬂg %B%@%S%&ggdugg t
at nospher e dddfiondl gmbodisitnts bf thé Inyerftion & shéwmOThetmettmd 260 gicludelprovidling a As

ted ab , | t]-st I b d i t
O Y h Ay 4 PRSP B B B0 S oo
subst ant i al Tiggpeetreatinenf etctanioincliide gplasna eshlfst. anbiglatierdgnpladn: Sth with & - C

bonds). The first t anpe e repl.ace a n er . Si - C bonds
ool - O bl w3t bRt R R R MR Sl Bl |
silicon oxide honds and drives off npisture fromthe | ayer 0

I'n addi £9 onl®80\etheapripag alsodprlydss gensiating Rlgspe in g Fropotep] CP%‘-[’GI%"‘JB tha
t _elc hni ques gu%bllf?ﬁ@ aﬁbﬁg}n @@rfgmhiﬂgg&sqlag, maleclle onped) mheis;nml clhiﬂi&r 208 to
silicon oxide layer 114. ese I nclude a steam anne .a asna
anneal , an EEREAATGIOBHC PYYgRY PlaFRAZIL: %awmamslgagﬁl% 00 ingiide grmeythe

m crowave apRgfd gendtdled th t8é halofe plamalRaMer RRe iR pidtRgmeMwidh@nfthdsubstrte
steps in a nmethod 200 of form ng oxide |ayers accordi gﬁ'ﬁ%}?ﬁ@gdl tional

enbodi ment s 2¢sFbefidie s¢nsipERg fhs ALOMuC SHYSHPrecRFsar. nY R dhe BIgEF & fimished,

provi di ng aﬂﬁ‘ék??%:ﬁ 3bMaidiA2 ghids RirbBed todhe 1SMBRFYREMA BithnideF fo@embrAlgtha Bromic
pretreatnment etch on the substrate 204. The pretreatnent etch m

i ncl ude a pPx@smpieewser 280.gThe fovwpfpiasya idhs sraqtion shambet mpy BG ¢i5omPUEG gon
pl asma) to SEReINhSHRsLAALR afd Jilikeh UkiaE dpOsisERRY for Say basowedRidw i es.
10 [0040] The nethod al so includes generating a plasma in a renote

pl asma chanpexinpeslyhevesuisisigPhg an oxygen contai ning gas (e.g.,

mol ecul ar oxygen) to the plasma chanber 208 to generate an atomic
oxygen pl as €042l 0To Eat theideposition of thaexidoy2 00 thersebsirate, the remytadhgenprpisd mp
gener at [ ] . n
T B e
t he pr et r eatpreewmsoretld ke.g. sSTEQHiBUE AT S) 3n theeeaotignepbamipes, theiwei pagpuepass r¢ast

i ntroduced t [ : ]
precursor 2200 P BRI oR bARERG O BRRe 280 BT IgcAhl) BRI aRT

di scont i nuedatbefabeer?5) Héminrte abaa? payiming Behbedimensoof rogthafi08 dysdsie pjinga
steps, or nm . . ' -Si-

00a1] To sthPpE pRAER-R e oS Al AP S OR MRRR, dte S B 5 S
t he renisel yndfenSirGrCdubnds) 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, efe.).

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



20 atom c oxygen precursor is introduced to the reaction chanber 212
as well as the silicon precursor 214 (e.g., TECS, OMCATS). In the
reacti on chanber, the two precursors react 216, and forma silicon
oxi de |layer on the substrate 218. The oxide |ayer may be formed at a
rate of about 250 A/min to about 2 inn/mn. Enbodi nents of method 200
i ncl ude using a carbon containing silicon precursor which adds a
significant anount of carbon (e.g., Si-C 25 and/or Si-O C bonds) to

t he oxi de |slwn predines 306 tv thethamber2 e precwisprsicagy irsthedeplositien ghemberrandd
starting Wb BeSHEATANEM ofihe Bulhhsboanneal {emper at ure 220

fol | owed by econd anneal tenperature 222. The

f t t ut 600 bout b
L over ﬂgﬁaftﬁﬂiﬁ SR SRR 5O o BePrure pdhgePOdiin Pantb e Tepest ant
1000C;, abouthe Siboifate Rrangved. 30 isthdRgvidaddgo a &p&hﬁm&fﬂmﬂbﬁﬂlﬂ&v@is the

met hod 300 of form an oxide ] ayer t di.f f er ent for
Gopos t i g HeH G Rfc-prhatie s s MRt 120 8 B Fes o i SO BRB OPGI Bty o
substrat e t gepblionte ﬂﬁ&hﬁdab&ha&b&ﬁhﬁf/ b&8ohie afidbr a9 dudfbng ah ﬁlert&trm:rﬂ)hbre
oxygen precursor 304 silico precursor Bgﬁ to

ﬁ QE glgacr‘oer.t.dThe
precursors PEETERPATtiCHaCY xYEePanE A 8&1‘3&‘8’@1}“35% oM SPRRERE 18 9epeslipd BYirge
| ayer on t hporewdsgile, aﬁe&leﬁ&b&mn[aﬁ&)&&balléharﬁmmnme@m of hRrdet grouPbs dhladibers

precursors he depositi on .chamber d.the substrate is
Peroved. |t o ongs b e Sien N Tl e A it o
t he 5anm@al et0fontavefgishtiseae. Molvetont %éwhﬁriﬂﬁiﬁﬁdﬁﬁﬂb&l@mﬂﬂ%ﬁsﬁbﬂdﬁyf er
of the substrate fromthe deposition to the apnneal .chanbe s max g
done under %%ﬁ?ﬁ‘&??&%?mﬁﬁgaﬁqoﬂ%ﬁmﬁﬁ% tg efcd i & sphere.
parti cul at es, y&f and ot her contam nants from contactin

prriBg

deposi t ed | Higdd] B lodigs. A andyd smbedimens yp dessbrd of H@ﬂ’ﬁ&b‘éfrf%“qw
be part of ?ill&ﬁlro%ﬁ%l %ﬂd »ﬁﬁﬁmed'a?boﬁ Bittaidifg SR Prde ORI GHOY SHRW sfes

structures %E mata |zat|on struct ures cap Ia ers, 10 etc
on a waf er mﬁ@mbatﬂi@entrﬁamﬂ 499 of; fpraning,eride Inyes TS BOTCH ‘cppjaining

anot her 1is gmaﬁl p@aeuﬁb&t %Eﬁ%oﬁﬁ@@ﬁ:ﬁh&%xc(v%% a sub SRR b thedePBiition ARMRKP

belts, etc.) control | ed at nosphere Referring nowto
Figs. 4 and 452, aadmmnuﬁr@aﬂy a&m@cg@mpr@@@sooﬁowﬁl@fd@nwbpwqun&sﬂwon

silicon oxi gfbcdlr?%Qb%W tﬁ@cﬁﬂﬂer%@ﬁ%&m&rﬁ%ﬁc@ﬁﬂh&&ﬂh@bﬂb'ﬁgmsdélﬁ&ﬁ Bxide

precursor. ows ste enbodi nrent of a nethod 4
form ng oxi menm@bﬁamﬁmoﬁqllwed@mmeebﬁQOe#@fﬂs sgicpp exife 1ayel‘ 410

precursor.

enosi ©1on Ci pPE RS Bulchh LAR S BleD iftolhed aPAtEL 0B\ Bl 1600°C.
404 and 2Dhe Beomscrardathan soweddiniersijioon pieewsersheehon develip ghe dspesited oxide is
chanber . ?V@{}ﬁ&ﬁtgﬁ&%@%ﬁeﬁ"%ﬁlggﬁﬁmgp&r‘le&% rma silicon oxide

| ayer on t he’ y an anneal”. The anneal of the

i .
2t mapher e 00480 Slered el Taiy e BRuRet i S0 Rlrl i i B g
inthe sili c(@gi,mcﬁganbslane) tmdakamrabmgmﬁeaneimdmg tfiverbde pobe ndtdh] silicogexids

low, and a %ayeela Egpgsqtgg on th% QublsEHB ¥ Sim § heto%ag Q qge én?boiaf)ntienp &tk m3thdd 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 HO 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



[ 0045] Met hod 500 shown in Fig. 5, however, uses a carbon containing
silicon precursor (e.g., an organosilane) that |eaves an significant
anount of carbon in the initial silicon oxide |ayer deposited on the
substrate. Simlar to Fig. 4, the enbodi nent of the nethod 500 shown
25 in Fig. 5 includes providing a substrate to a deposition chanber
502, and introducing an atom c oxygen precursor to the chanber 504.
However, the silicon precursor introduced is a carbon-containing

or ganosi | aneplprectohsobeabl 6r UV Hightzanoesl thaiokeyepapesesriatgarogganissndlemiss into
precursor re to fQr [ L s Ll i :

Phe. subst r apits e fichnd BadehBhEL pliBe & b 0RP B fo e AR Lo,
per f or med, @Oafdrmivpcidi, &b, thafare ®movstvetl the moBire: dolsmee ¢rwdmznisothe fist el

in the silicon,oxide |ayve and follo i a ond anneal to
reduce the %F%fsfrsgeﬂnea\?}e(?ai j g seco %ha@neﬂlﬁ\é%%n#@%aﬁ%vel s) levels
in the | aye 2. The ftirst anneal may include a st anneal t.hat.
hydr ol yzés @P‘?q}eafé °ﬁldﬁ8ﬁ?ﬂrwt?ﬁtg?tﬁ1€ %@'@eso%glﬂf ,etg?fﬁ/as%gfwn ":5153?535%%1“
et lCh, Ie- bearigs. 9¢5 éﬁi/ﬁluhtisiﬂ'é oﬁme_tli_ﬁhy éritsidingke d &Mﬁ?ﬁsetﬁ?gﬁdeﬁﬁﬁm@me layer
nmol ecul es into smaller qnes. e second an rther oxidize
e ST or RasBUTR oS Bny N aa EeD. Aot ent e ey

ar e renovedadfitioRallsteps, B Gifferest sedRn&e BEst@E Ol tetoRide tdyer. fHof stamplNehile
is a steam anneal and the second anneal is a dr%g%t rl.o en anneal. 5
[0046) |t shEul thowys e Byea BEPdupedin ahearliey St FLCHEPTHERBds
shown ang de®6&dcRRBothPréch@srs althe saicinid) 61 inGeIMRIng thelshRonBBYrsor before the

enbodi nents that may be used to deposit .an oxi ge Ig%er, on a. substrate
according t BOPKOXPRBIEHRPISPTATLHEQ HRemRIFFAOY Frediod Ay ?"l’\%ﬁ#%"“ll?ﬁ‘i/jmm“

i ncl ude addiyeicpBadimsitehe RBHodkithdt 81§ BE ul HIRBEMCOWiItB HRASvehtbf HT M

the oxide | ayer. For exanple, while Fig. 1 shows_atonjc ,%x gen
i ntroduced fgscrtion af embadimgnis pfsyhsiate BECeSHpg HEK™S Fsé’é)t’i’rgé’ﬁr“, 0]

i ntroduci ng both precursors at _the same time, or introducing the

si | i con pr efl848or ExenplarsSubswate Progessing3ysieh precursor are al so
contenpl ated by method 100. Having descri bed sone of the enbodi nents
of the rét h§Wd8lt hRepositign sxstems gkt inay epiemenbenchodinhants of e presems mveRtion may

description, Hodi i i w
dosor | bed. TS TAELTRP hBai oAl iBb BBl ARRREDRL Y A bRafE)
Deposi ti on syishexdshénhicd] vapy depopitienARCVENsptinmesbsataésphéris cheraisaryapor

i nvention i.ncl i\gh- i . ] ot
(ror oDy setien K E d el SRBIG GHbERbo R L Al DR
syst ems, sulypat ofisgptms. i Specifieeiaoples vEEYD spgoshitiney insAGHDEmbydimentsot
and therjqmal .chem cal. va Lt SHe of
2yst ens 2o deprepihaiRabe SERESRAIIREUEI TS, CORIR D Ghchil ARE
enbodi ment s PRIOTRICERTH FEQWENtHamhers/mysten cavaiied eGFxT WRAicdMatdrals 1 ng of Santa
HDP- CVD chargjer %ggyst.ems, and PRODUCBRTM PECVD chanber s/ syst ens,

"84 Materi al s, Inc. of Santa Clara, California.

[ 0049 One sujtable subsirate processin stemin i ch.. bg,.

rodi 11 60t o 0RBT 1 Ded BHBHEAHEREE PRRSSRE SFinTE &%PWWH&"%&%@% Rplize

invention i Sybbditentd fchcel@dmcé WaR tHePresent 8 6ntipn ¢khown and described in co-assigned
25 TU.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

avai | abl e frofe 9

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



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
processi ng chanber 15 that includes a chanber wall 15a and a chanber
lid assenbly 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 thaafithepedeSial BasThdipsdesiabl dan he navedfcohtbllahly ipatyebrea foperred
froman ele . I

el oct rode 1 rapgRiiotsBaBAEd (i IR RN, o) bt Rper P BBl bR
substrate (@ndicated bydaahcd)hnhjm io EIGivaﬁAén)’hlﬂ:lss plossily adptent tothe alarhif@ld 1( oA

slightly co I
can‘be movedt EakeRghT iy ittt b BORRh R el Sy BERSHor b
posi ti ons (depfest ed in FIG. 6A) and an upper processing position

(i ndicated by dashed line 14 in FIG 6A), which is closely adjacent
to the mani foosy Jnspoﬁtmeﬁtdaahﬁagaies(mhtrsdmmhtoiﬂm:dhaﬂber ISelnsnghpeffomted
provi di ng ipfor on on th sition of the 5 _wafer [LQO51] .
Benost t 1 on B 1GReF ¢ Senvguioas a3 S BethistfifoR e e Tas, A8 Hegigoaty,
Ej hr ougB p_erﬁ@?ﬁh@ﬁrﬁ&b@@séﬁbﬂ‘ﬁﬁo&h@ﬂﬂmﬁﬁ&ﬁr@m@ll |thd it maifold Ul, #rough a

i stribution faceplat r i ca osji t.ion prqcess
Gases 1 ow FeVENOR PERGRE PIobRT Blatpr et s atieh BIRY Cibdn £ SMRGtGh o
conventqgnahmaﬂmégﬁ@ted bl ocker plate 42 and then through holes 13b
in gas distribution 10faceplate 13a. [0052] Before reaching the

mani fold 11 Oogﬁpoﬁéﬁ)ﬂc%hcﬁﬁg tHednh 8K 19 2ARB&itRhGnd BPNEr ghicd MGt SOH baeS
7 through gas sugpl lines 8 into a mxJng system9 where they are

conbi ned anUEdse A thiteh sapsupply;ling) fintor migngsysign § when éhegaﬁpﬂoylbmp%@df or

each processhefast toAnidRS! 1( IGen&BINE IR lsush ﬁ{e)fmsé&bﬂ ?r@tfefss %ﬁ |1ﬂéﬂ§es( Everal
shown) that can be used to automatically manua ut - of he 15

flow of pro&dfey shetfivaives pkshewarha can %ﬁmefkqola)mwa%%a ly Pbmm&lam fhyl-ofE fhe
(al so nqgk shgurly,bbat ﬁ%%&h&xﬁ@eﬂh@%}%mgﬁ& ta&ﬂh@u&@(aﬁmo@mmhat

i ne. When tOX|ﬁagases are used in the process, the several safety
shut - of f valmeasretheflpw of gasdireuehshe waply lign SWhenfpxig spsenae psed in the procéss,
conventi onaly, Lonh g%fétgtsw%%fvam&)éébosﬁﬁe@&pa@ﬁ LisQBppW B&SS Solehiformmed

in the CVD system 1 be either t her mal
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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20 process or a plasnma-enhanced process. In a plasnma-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 mxture to forma plasma within the cylindrical
regi on between the faceplate 13a and the pedestal 12. (This region
will be referred to herein as the "reaction region"). Constituents of
the plasna react to deposit a desired filmon the surface of the 25
seni conduct [#054)aTbring a plasne-exhaneed demberipmprod@s, tfplosmadeatsihp phtire febciss a

i xed f . i i t
i ah RE et o iihe BYOANo b IGbGR) 12 SHRRE ReROURG: ° 7,
of 360 KHz passagevra2dend the siiéobivplys 24.i Wherothe plesied is vet tumeddresr during a
i ntroduced jnt . . . | F
pover supp! PR SRt AU b ol bl B el F5£ G sl
t hermal 1y rdédambg 16do teipasi the thambelod an eelvafed temeperaur8 (Thepaswgesfimthe of
th 1 { f { i I
rosi ot vel v onauga ! B SRt REhs 38 stdpt R MR MoafEnest B Efbelohc v
[ 0054] Duri i ischpledisnppien faddgsts,deposict-baed gydae ghycoltdneiliphased terhaat s

th ti ; .10, . | udi .th | th h

body 15n o PREE AR IRt A RS S el et SABRRED,

24. \When thﬁdqmeiam;démtds@bpctewarmdofém;leﬁrrahﬂmﬁhdtn@t proﬂu{iwm:?gmﬂmfmt heti on

t. u | clrC e rou wal | s . J

P oceeste” Aot Pk Votgie Sroffelk o iepudclishths pod ek Bty e it

t enper at UL ecoanﬂlﬁzndﬁ@gs me&é if{nhetyh&h retrte{ﬁﬁnidaﬁtﬁronngfe wille rftm?iémnw?ds?@&ﬁﬁt d
t own. u sSe 0. he cna I S a | NCcl uae e

ool T gt bk S 8 ook Rind el e R RERER R 63 8%, | 01| - basen

thermal transfer fluids. Th heat.i n referred .tQ.as, heati.ng by the
“heat  exchallEs ) Thsarmeinder af he 85 uipiidas s nof fopPRGE ke BuHdBAEGPE Brctih

undesi r abl epjRambat eRb@kdcEEn BB GhamiRF PMBE Vabtul fing (06 shakh)0 Bp&difically,
vol ati |l e products of the%fgr 0oCcess gases%&rjga ot her, contam nants t hat

mi ght cdfit atiesareare sehaystetibuyel an qogular, aped oBgFR oime e (Ratre

of cool vac RAG HALESnANE: ShAEAGuRATK ThohRulah 8ot 6eae Beiphgushaker
during periods of no gas flow [0055] The renminder, of the gas

m xture t hadefingd hythe gaplorsvecadhs tap af theghambens sylmdgeg) gide @'al%tl%&ﬂcludins the

byproduct s, yhsy ¥REHESHS | 9 BMnk hRICHA MRMotdR obitie Birdis UHMHRHAP2( N
shown). Specifically, 15 the gases are exhausted through an annul ar,

sl ot - shaped 369-deeree i plassypppsiry andgnitogaity ofha sl qrifiesyi6md Seplsnrmdl 7 35
annul ar ,8xhghsh Bving-a uhl¥EmANGW biro@sOlasel Bva itk WiTe: Bla Bt adr €
defi ned 2gy t he Sgﬂtggééiti@mvéé# the top o?ﬁr(t)he&éca?\am‘;er' s cyli r?dri cal tsai de
wal | 15a (i msifersfie ontlee 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 152), and into the exhaust outlet 25 that connects to the external vacuum pump

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

[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 tumns 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 fo

the heater element passes through the stem of the pedestal 12.
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upper dielectric lining 19 on the wall) and the bottom of the
circular chanber lid 20. The 360. degree. circular symetry and
uniformty of the slot orifice 16 and the plenum 17 are 20 inportant
to achieving a uniformflow of process gases over the wafer so as to
deposit a uniformfilmon the wafer. [0056] Fromthe exhaust plenum
17, the gases flow underneath a | ateral extension portion 21 of the
exhaust plenum 17, past a view ng port (not shown), through a
downwar d- eX@088ldi Tigricpdly, paesald tkZhapbe linmgvee indemshifisld ﬁcéplaﬁe.l auéve&i@us

(whose bod¥ul el ABHALETD I b ol DT P CHAEIEE MRl e ARkinuANY

into the exh connec ernar- vacaum punp
(not shown}erthico dghexanle pésluch\eCVE)l apparatm is dbsorilred.in f@AESighedTUS. Palfr.

SupPort P! 3Lkl Pl l1e-RATARLALnd Cnbii ! BLARNY 7R Ul Al oral

a conblnatlon ereo i's Testor using ah e

si ngl e- Boopy eattyedd editsmtiteer el errent configured to make two full turns
in the formof parallel concentric circles. An outer 30 portion of

t he heat er [@IseeAllifr tethafigh acianétot 32 @IG 6IAD raideanddbwérh the @ Qedestal

platter, while an_ inner portiaon ns o oncent ri
circle haviHgoRly 4]&“'%8{&}@93 IE?H efsl‘?ﬁe tfag‘ai%’ﬁ%cplﬁ@é’f’ @? ﬁﬁy of
piais se fs t Er m@hh arhie 1|sb¢ Brcdbt Bl (B dRSim Ehr&l%h |arél Ef@élﬁ&d/rc}mpm@éﬂgyg 268 ¥heOr
a of the cha r I NI as | 0 te, an varlous
Sther r eacti Oras CREEPE: LF THRAmIST OB fitst AP ErS BHCSUR V5eeEt SRS
3nod| zg&@dal Uiﬂld’iﬂlﬂ&lﬂﬂﬁlrﬁﬁi’ awl?ﬁéﬁ'-l?:aﬁmg%ﬁﬁ@i el"lﬁfm(:gdt,(??\khl\&s &@vgm&w&ys i's
escribed in co gne at nt ed "
Processi ng Wﬁ;ﬁ “I“E ¥ Liges®, easiilglivery %’Ftemaﬁ‘&mi%'fzg‘ﬁyﬁ H?:‘B‘?rﬁ'ﬂﬂpgf%“da@oy
reference icRarhBes mﬂmwhatemeat[n@(aw&msﬂné Alf dontFEICddR la STt AR EonfiBlI@loveLoftfdl G

6A) raises and |o s the heater pedestal assenbly 12 and its, fer
lift pins 196 3s0 el R me VR CaollFr A Telfea %Eﬁeg‘%ﬁk A OBty

t he chamberserkars By dderm@RAhe fokifioR of MSlabR ARRbhichi Vs @4 Bledsich as the throttle valve
i nsertion/renoval opening 26 in the sjde of the chanmber 10. The_ potor

32 rais¥s éﬁesqsmyh}fé&@s‘med by appaenFiatemolors prsler e pongrol of (9BEsller 3h 14
and a lower, wafer-loading position. The notor, valves or flow

cont r ol | er J00G9hn &tthe exemplaryembadipenys the system gontepller inglndey a hgrd gisk deiwg
throttle val¥fonR), agwﬁs &yp&ivx aﬂaﬂa %@Ega!so@ Bmﬁﬁer r@aas&o%&&ﬁrrsa;tsﬁlgtmudng

systens are all cont em contr ol I er over control
computer (SBC), analo g and di gltal 1nput!0utput boards, interface boards and stepper 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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i nes 36, of which only sone are shown. Controller 34 relies on
feedback from optical sensors to determ ne the position of novable
nmechani cal assenblies such as the throttle valve 15 and suscept or

whi ch are noved by appropriate notors under the control of controller
34. [0060] In the exenplary enbodi nent, the systemcontroller

I ncludes a hard disk drive (nmenory 38), a floppy disk drive and a
processor 37. The processor contains a single-board conmputer (SBC),
anal og and [0062] t & prodepdifor depbgitig Diilar asa subﬂ:fa&rofra@mcmﬁrrdﬂhaﬁﬁglﬂﬁbmﬂﬁf
notor contralle rds, Variou rts ormt
[he Ver oa. NBA b ERrRea hs IR bosRmar R TS B kel
card cage, FnThexompetet rogdinnedsian be watteh mm&nvélﬂuenﬂbﬁnmﬁanemmﬂe al so

defines the bus structure as havjin t dat a a bi t
et aoe buroR R e FE eitibls oo endisk anBlege. 3 B3 Fopfhn Horeinbo
activitises dfiers. fmlt@%ﬂsrﬂg@m dode is Ehtered yusd emgl@ﬁle;cﬁhﬂxﬂuipleﬂbs,unmgasyst em

control software | C ut e ramstore

conputer -+ STEB e e S R of HABF e 4o P G SR PP Bifor y
38 is a hﬁhﬁexﬂdrﬁkysf&ﬂ dfehe MputchE}ifﬂig%ﬁtbiSedB&im1sﬁh5®1@@ev@11@ﬂg‘uagd the Sodaf
menory. The co m i nc es, sefs .o t ns, t hat

0 ctate t has iy aofherehn Bans porgpiteb 5te ihshked PRL AL iecCBin

t enper at ur epreddmpeWicrdseH Wﬁdov&@lﬁﬁﬁ? edutipRs Tb bﬁd&uteﬂmm&d) @bmpiled obj ect
par anmeters of gepartlcular C%S %Fher conput er r ans E{fgre

ot her nihor§Pdelg Py psaemy °F| 156t 98- G g cogpyt fo“‘ki% & '9rd thp code
ot her anot highneaidpy, Ole IR Pthek teXd, andrByec@tbshe e UsReoin® the Rekaidentified in the
controller 34. [0062] A process for depositing a filmon a substrate
or a procesE¥#P- cl eaning the chanber 15 can be inpl enented using a
conputer program product that is execut ed by the controller 34, The
conput er @gﬁiﬁmﬁ@éféef@ﬁﬁ bejwedty yseregnd the CaFﬁP{lé"cﬁ‘f‘\}éH&ala&?éﬁ meRiop fPacnd
readabl e pr gaeesnf £P0n 85EEHRleWh th 2e,
C, C++, Pasg%#amégp%rhgﬁaor 50?%8%%0@%3%3?%@%0@51@&%5# s&gﬁ?ered
into a 3% ngC¥Dfsyiten 1Qin anybstiats REoGeINgSysien, WHCHD#/oRS eans Aemore shgmbers.

editor, andm&ﬁﬁr@ﬂﬁ n%mﬁﬂén@ﬂvd Iﬁmﬁm&%p%%geam%ﬁn{e@q{ MBtledHEbn 5112
menory system e computer. the entered code text Is in a hi

h
| evel " | angufegthe Opﬁ@m@@ddathe@t@bbﬁhmdéhpwﬁl’fef thp servieasigehnigians.c ShgnenitorsSBee
is then "”.iﬁagltééfeédé%ygd?ustpilﬁltﬁ&&uﬁ%&nﬁhorp'b@t%i%n'e%@ht'}ﬂe& E@b'sigfeﬁabled Alight

W ndows(r) rary To execut € the |ink co ed obj ect
10 code t hesegasinethe tip of hghhwk@é detaets Bigljt emitted BAERT displey- %o pekest & parivulas,

tem I €
The: coueS: o Rbnph finbRfin BodfRERblchesls eslbd RIL RIS AL SR HhiEs the
i nterface bbtmmenﬂapasé@b a’ﬁut tQWbedcmmqhmaemtﬂBSfﬂ te@PfdoraOWWﬁutobr
50a and Ii gF%eeeHEJ"%%Q%ed %B&qiﬂuﬂ%ngmm%n B ED e Bight poh R thl 1iSfay screen.

di agr am of
Other dcv1ccs, 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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15 CVD system 10 in a substrate processing system which may include
one or nore chanbers. In the preferred enbodi nent two nonitors 50a
are used, one nounted in the clean nomwall for the operators and the
ot her behind the wall for the service technicians. The nonitors 50a
si mul t aneously display the sane information, but only one |ight pen
50b is enabled. Alight sensor in the tip of |light pen 50b detects
light emtted by CRT display. To select a particular 20 screen or
function, uherpaatdse,0.queheari®), TeSin®)ai tellike. eRhdafindriird dhsmlng device

screen and es the button op the oyuche nges
E T gnl | GhEReTBORoIRGE SORE RS SPe Bbinply LG g iy 8 lafs
confirm ngﬂfeemd @ﬂ@ﬁirﬁﬂ)ﬁ:obﬁhmﬁdmgtd&&cé V(Q%ﬂ gp)sadistﬁndwhmnhﬂmaphaymm]mm
screen. r devyi a oar nmous ot her pointing
or communi gﬁtl’iq?ﬁhﬂ aé&“’“ﬁﬂ %‘é‘“ﬁ éml Riedidpsssm B’r 1%F’ﬁs éﬂﬁﬂﬂsieﬁb‘hmf’ﬁ
|[ 6 g 22 ] DE lnGa&gl/& ba%ﬁl Aawyed Ry Uges 71 dnEsIsTRY ﬂbﬁ@f&xe\gi(')dc&s %&a@g&m@ﬁrbﬁass |3'4d
shows a_ renote ene at or moynt ed on the
assenbly 155“%*“l%éﬁﬁ&%ﬁﬁg%oéﬁ§W§ﬁga ﬁﬁ&nWﬁéﬁgas di stribution
faceplate 13a and the gas distribution nanlfold 11. A nounting
adapt or 64 [PR6Ght The IH@OF‘?M@@ BpeR R0 ddeairablyc commagsreelfroanteingd %@Bﬁﬁw
15b, as begt caﬁ@[ﬁedtg idufted A the 11 RABRIGH afifbd casilybirdiittel YntBRES M

metal. A mxin evice 70 is coupled to_the upstrean15|de of the

gas distri mbwms withentespidy ang tinmerqapsuging madificafipss; Qe getapleamit is ‘hfhcl udes
a m xi ng | NSARONES g&fcﬁﬂﬂ%?ﬂlabl@%‘oﬂﬁ%h@d S&enZélarﬂfTe@hﬂBl%'ynﬂc RIreede

m Xi ng process gas ceram ¢ i sol ator | ace bet ween the
mount i ng ad¥#ss.oFheAS TR{IN® Igenangtss uﬁ!gzq;@wwelvl@orewl@smem dissppjate @ Progessc

i sol at or

ur Ly TaFf ol pRseBg, [t pfsheisfiiaies FRoRL} B iGN AR St g

and cer anmi cuthsasNgb end G THe s e togenengte frqedlua%@e%ws 155 to glepn

i sol at or tor 64 fromthe m xing device 70
and gas d,g?#ﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁ'QE kﬁ? tg'nininize the potential for a
second I . di e
et ai 17 baP TR Aefine SPlbgt by ctioRABRE R U bF ol B BE oSG ol T
gases to thﬁunnwmamsnmhﬁhhnmsbﬁmmﬂhhemwﬁNﬂba&hwi@wh@hM@ughbew@dmmhmne
pl asma generfa 0. t

desirably a C{B%ﬁ%’g?m tl{seesP gé%tn? gliv?lngng ﬁd(? cﬁﬁﬂ? a%%g%etf%lrllggon entiy
mount ed on atnﬁelehuents hmanb&epn d&sbrilzed dn brderd@svolid/ummedeswfilytdbealriog the Present

82 |e S }’S L P?ag lhigv 4\" go{ﬁﬁ-@&y, m)é escnp{lonngolﬁc? H&%@kﬁl@n Sﬁﬂﬁlﬂhgc @k Ec%Bé of

20 the mventlon.

[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.

[D068] 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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10 ASTRON(r) generator available from Applied Science and Technol ogy,
Inc. of Woburn, Mass. The ASTRON(r) generator utilizes a lowfield

t or oi dal plasna to dissociate a process gas. In one exanple, the

pl asma di ssoci ates 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 recognized
by those ofefakicklto 'Iarprrﬁdaﬂ" Ta*rchldtshqﬂmlity jobsrsh pnodeisﬁdscaad redmence &l "iker nat i ve
constructlons amd o e t he
spirit of 4 f\ nver ulgegﬁet% gc ? f’%enalmfo(%e Hrgglﬁst? %?vaqeq?ﬁ%%ﬁﬁgw’?{n
processes anﬂeﬂd&ﬁnmﬂmahamésmﬁhhbeen descrlbed in order to avoid
unnecessarily obscuring the present invention. Accordingly, the above
descriptio r[lu(}sbp uh o)/ thé wbeds t‘@;h@ﬂsas*'cbmmdiﬂgn'guﬂcmae s ciaglading,” 24 tiddtides”

i nventiagn. [0067 ere range  of ~val ues i r ovi

under st dod 't‘sehé{b\/%“s SPCEieaRen 4G 11 e ibw}uéc W?ef'?g@fm%ﬁ'ﬁmct of
the | ower |igdirkce bfStaSTeitlies, GeetXtonglogaits, yir stkips, tbat @8y 63 1R hivichde the

bet ween t he upper limts of that. range is also, s eC|f|caIIy
i schosed PEAERE Sdfan oF Gif GemBtAee fpoby. BERTEAODBTRRS PR AE BT eni Ny
value in agsdugé.ed range and any other stated or 25 intervening val ue
in that stated range is enconpassed. The upper and lower limts of
these smal |l er ranges nmay i ndependently be included or excluded in the
range, and each range where either, neither or both limts are
included in the smaller ranges is al so enconpassed within the

i nvention, subject to any specifically excluded 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
i ncluded. [0068] As used herein and in the appended clains, the
singular forns "a", "an", and "the" include plural referents unless
the context clearly dictates otherw se. Thus, for exanple, reference
to "a process” includes a plurality of such processes and reference
to "the precursor” includes reference to one or nore precursors and
equi val ents thereof known to those skilled in the art, and so forth.
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[ 0069] Al so, the words "conprise,"” "conprising,” "include,"
"including,” and "includes" 5 when used in this specification and in
the following clains are intended to specify the presence of stated
features, integers, conponents, or steps, but they do not preclude

t he presence or addition of one or nore other features, integers,
conponents, steps, acts, or groups. WHAT |IS CLAIMED I S:

1. A npiied 18fcrdep@gbtisng a silicon oxide layer on a substrate, the
nethod‘tﬁﬁﬁ??é%ﬁ@?‘ﬁ?ﬁVTding a substrate to a deposition chamnber;
generating atom ¢ oxygen outside the deposition chanber, and
introducing the llat om & nﬁﬁ%g%ﬁdéﬂ&tsﬁn% BQi1eHRFBEE layer on a substrate, the method
introducing a silicon precursor to the deposition chanber, wherein

t he si tangomsing: ecur sor and the atom c oxygen are first mxed in the
chanber; .,yeacting. the silicon, precursor and the atom c
oxygen to forn1ﬂﬂ8“gP5938hm%§ﬁ8§dF‘?gFmﬁﬁ%?ﬁ%’substrate wherein the
substrate i s maighaiiedataihicodygampeautstieihe dogdsivarhahbit] adGracihcamgohs
150C as the silicon_oxjde |ayer is formed, wherein the silicon oxide
| ayer REMEGERYREn I the GBHNRETS ol | owi ng deposi tion; and anneal i ng t he
deposited silicon,QxcHlf d @ precursor to the depdsitioh Shdikeh Gthein HedllFod ,
wherein the substrate conprisés a silicon wafer having a dianeter of
about BEEumInand theeemic oxygen are first gixethe thewhpgbierof claim 1, wherein a
plurality of structur are for f. t .
wherein the str urg?cﬁlrngggﬁ Srlllcrl: U g“ggsgfsg@nt e?&@ﬁ%ﬁgggégjvgaﬁaaﬁ%? %C}r?? tDtg Ic()le
wi dt h agpesithe aibseste Ofherkirlthe subkarate is mdintalied aretdngetravire bbaiean dhout 0°C

Vr;lhi:[ E“r gnci[?fg}%ﬁ?‘ i[ S%mg és g{%g%gn Ia%&é ?aryglgig f(?rX’x:ed,f \8 eq'}aig g;i,heasiIE)c‘!cf;jllsom efla(y%ms&}ni%gﬁy—

flowable following deposition; and

annealing the deposited silicon oxide layer.

2. The method of claim 1, wherein the substrate comprises a silicon wafer

having a diameter of about 300 mm or less.

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

aspect ratios of 7:1 or more.

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

dissociates to form the atomic oxygen.

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

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

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

dissociates the oxygen precursor to form the atomic oxygen.
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i ntroduci ng an oxygen precursor to the plasm, wherein the oxygen
precursor dissociates to formthe atom c oxygen. 5. The
nmet hod of claim4, wherein the oxygen precursor is selected fromthe
group consi sting of nol ecul ar oxygen, ozone, water vapor (H20), and
nitrogen di oxide. 6. The nethod of claim 1, wherein the atom c oxygen
is formed by: introducing an oxygen precursor into a

phot odi ssoci ati on chanber; and exposi ng the oxygen precursor to
ultraviolet light, wherein the ultraviolet |ight dissociates the
oxygen precursor7.to fihHemmdthel Etetiin, W}hylgﬁtrthe oxygen precursor is feleciétbfrom the
met hod of claim6, wherein the OXég ecurs ?ﬁﬁs selected fromthe

gr oup E@HEF@PFﬁﬁgBfmﬂﬁFQEUWﬂgab?9 BW?H ‘i t rogen di oxi de.
8. The method of claim11, wherein the silicon precursor is selected

fromthe group c@nsi stiehfletRéd Siclanea, wibRBL hy bisitdapecuridr ig@Ridal Sioname,
tetranet hyl sil ane, dieth IS|Iane tetranethylorth05|llcate (TMOS),

t et r aegI9yD 6PsHHSE Pf ¢lene dimethgpilanscirimetiglans iteansialapoipet)ylsilane,
oct ama
ot £ NS Bh R %?én@?ﬁ 36 yh@MiiBkhogilicate (TEOS), octamettyluisilovape (OMTS)
( TOVCAB’(S)metDMDMBpu mhfgnert@M(S/TS)t tetranbthxlylsndtbyiérr(embEﬁdlsllane

henyl di net hy] si.| an d od of
Cl o sy HoEe e G oR TS BRoMOS BEMS P i B e gas

conpr i gmmgshﬁhtﬂymimethylsﬂane and phtfylsifae. met hod of claim 1, wherein the
deposi ti on chanber conprises a wafer pedestal that supports t he

substrat e, mhereln the subst tenp justed by the_wafer
pedest al . 9. fnﬂff‘?ft fffi‘i‘ Ietﬂ %F ﬁ‘:‘lion gHrEqr s Mined witha

dep03|E&ﬂglﬁ@%&ﬁﬁﬁmhgﬁdﬁmpressure of about 0.1 Ton- to about 10 Torr
as the silicon oxide |ayer is formned. 12. The met hod of

clalntl wherein the silicon oxide layer is forned at a rate of about
250 A/min to abolt 2 Thernethod of claim 1, wherein the deposition chamber comprises a wafer

pedestal that supports the substrate, wherein the substrate temperature is adjusted by the wafer

pedestal.

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

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

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

of about 250 A/min to about 2 um/min.

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

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

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

about 950°C and the second anneal temperature is about 900°C.
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13. The method of claim1l, wherein the deposited silicon oxide

anneal ing step conprises a thermal anneal, a steam anneal, a plasm
anneal, an ultraviolet |ight anneal, an e-beam anneal, or a m crowave
anneal . 14. The method of claim1l, wherein the annealing
of the deposited silicon oxide |ayer conprises: heating the substrate
at a first anneal tenperature in the presence of steam and heating
the substrate at a second anneal tenperature in dry nitrogen.

15. The method of claim 14, wherein the first anneal tenperature is
up to about 950Q6and ThHeengkabsitldmne alhetetnpe nethod @omgrisds eyposSRA:

16. The _nmethod of claim |, erein the method conprises exposing the
subst 1 SBTHE (¢ BT B AU B ar T O AP BRTED PR By G on
0XY geNpREGSH 18 Ae Rpostidd GambBY ecursor to the deposition chanber.

17. The method of claim 16, wherein the pretreatnent plasnma is a

hi gh-density plasma conprising argon, heljum hydrogen (H2), xenon,
or ammoni a. 7. The I&@h‘)dﬂ’fél%@tWoﬁ’h?}‘Fmdh%lP‘ﬁéiﬁtmﬁﬁé%l@Fﬁ it paigh-
deposi pi €5 brSsiRAk o hefudl R AP Yx AbALIBmERAMH, Cal vapor
deposi ?lé%ﬁy?ﬁ%g%/%Tbls?@%?’ offud RrE8 ﬁQby)fA met hod of forming a
silicon oxide layer on a substrate, the nmethod conprising: providing
a silicon wafer BubstTFhetreethes ef dlamch iwhereih@agenosition chamber is part of a high-

gener at,j i : . di @by f nol ecul ar oxygen in a
hi gh-dééﬁﬂsll?q?iag%g}ﬁ&ﬁékegg}gnﬁy%sité&néﬁﬁred@%%g&oxygen isS generated in
a renote plasnma generating chanber that is external to the reaction
chanber ; 19. v xiettigpdtdidoratiogr eiliconygrede Mydriona sybitiateo thepnatioad sor
in the reacti on chanmber, wherein the atom c oxygen and the silicon

precur §YPPAP ™ not i xed before reaching the reaction chanber; and

providing a silicon wafer substrate to a reaction chamber;

generating atomic oxygen from a dissociation of molecular oxygen in a high-
density argon plasma, wherein the atomic oxygen is generated in a remote plasma generating
chamber that is external to the reaction chamber;

mixing the atomic oxygen with a silicon precursor in the reaction chamber,
wherein the atomic oxygen and the silicon precursor are not mixed before reaching the reaction
chamber; and

depositing the silicon oxide layer on the substrate, wherein the silicon oxide layer
comprises reaction products from the reaction of the atomic oxygen with the silicon precursor
and the substrate is maintained at a temperature between about 0°C and about 150°C as the
silicon oxide layer is deposited, wherein the silicon oxide layer is initially-flowable following

deposition.

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

the deposited silicon oxide layer.

21.  The method of claim 20, wherein the deposited silicon oxide annealing
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,
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depositing the silicon oxide |ayer on the substrate, wherein the
silicon oxide |ayer conprises reaction products fromthe reaction of
the atom c oxygen with the silicon precursor and the substrate is
mai nt ai ned at a tenperature between about 0C and about 150C as the
silicon oxide |ayer is deposited, wherein the silicon oxide |ayer is

initially-flowable follow ng deposition. 20. The net hod
of claim19, wherein the nethod further conprises annealing the
deposited silicon oxide |ayer. 21. The nmethod of claim

20, wherrenathylehdehas (TAMOS), Hdteethylorhokeliaten@E@ONgphsndgimstnnlane gnd

t hermal, anpeal , a steam anneal, a plasma anneal, an ultraviolet |ight
anneal PREXISHNSe 2 m anneal , or a m crowave anneal . 22. The
nmet hod of claim 19, wherein the silicon precursor is selected from
the group consisting of silane, dinethylsilane, trinmethylsilane,
tetramet hyl silane, diethylsilane, tetranmethylorthosilicate (TMOXS),
tetraethylorthosilicate (TEOCS), phenyl di nethylsilane, and
phenyl si | ane.
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